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Introduction
Making a diagnosis and medical management are stated as professional skills in the 
General Medical Council’s (GMC) Outcomes for Graduates (GMC, 2018), underlining 
the importance of clinical reasoning as a core competency for newly qualified doctors at 
the point of graduation. In fact, Outcomes for Graduates states that applying biomedical 
scientific, psychological and social principles in practice; prescribing medications safely; 
using information effectively and safely; and dealing with complexity and uncertainty 
are also necessary for newly qualified doctors to demonstrate, underlining that clinical 
reasoning, necessary for all of these things, is fundamental for effective clinical practice 
(GMC, 2018).

All medical schools would attest to having clinical reasoning as an explicit part of their 
curriculum and, by extension, testing clinical reasoning at assessment across various stages 
of the course. Likewise, all training programme directors would also contend their curricula 
continue to develop the clinical reasoning ability throughout postgraduate education 
ensuring trainees emerge as safe, independent practitioners. However, clinical educators 
in both primary and secondary care can struggle to make explicit their clinical reasoning, 
as well as find it difficult to give specific feedback on clinical reasoning development 
among their learners.

To help bridge some of these challenges, this article attempts to describe what clinical 
reasoning is and discusses some of the difficulties of both defining this multi-component 
construct and teaching it in practice. The relevance of clinical reasoning to safe and effective 
clinical practice is also presented, specifically in reference to diagnostic error and patient 
safety. Finally, several evidence-based teaching strategies are shared, many of which can 
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Abstract
Clinical reasoning is fundamental for effective clinical practice. Traditional consultation 
models for teaching clinical reasoning or conventional approaches for teaching students 
how to make a diagnosis or management plan that rely on learning through observation 
only, are increasingly recognised as insufficient. There are also many challenges to 
supporting learners in developing clinical reasoning over time as well as across different 
clinical presentations and contexts. These challenges are compounded by the differences 
in how experts and novices make sense of clinical information, and the different cognitive 
processes each use when processing and communicating this information using precise 
medical language. Diagnostic errors may be due to cognitive biases but also, in a 
majority of cases, due to a lack of clinical knowledge. Therefore, effective educational 
strategies to develop clinical reasoning include identifying learners’ knowledge gaps, 
using worked examples to prevent cognitive overload, promoting the use of key features 
and practising the construction of accurate problem representations. Deliberate reflection 
on diagnostic justification is also recommended, and overall, contributes to a growing 
number of evidence-based and theory-driven educational interventions for reducing 
diagnostic errors and improving patient care.
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be easily applied by clinical educators as they go about their everyday business delivering 
clinical service while also supervising learners at different stages of training.

What is clinical reasoning
Taken literally, the term ‘clinical’ relates to activities involving or concerned with the direct 
observation and treatment of patients, while ‘reasoning’ relates to the ability of the mind 
to think and understand things in a logical way. However, within the context of medical 
education, the meaning of clinical reasoning is not necessarily a combination of the two 
dictionary terms. Traditionally, clinical reasoning has been defined as the process of history 
taking and examination, sometimes with the addition of tests in order to make a diagnosis 
(Norman and Eva, 2010). However, closer inspection confirms the general understanding 
of the term clinical reasoning among healthcare professionals is less clear, with various 
synonyms used interchangeably and inaccurately. A systematic review identified 110 
different terms for clinical reasoning, partly explaining the lack of shared understanding 
within and across different healthcare professional groups, and demonstrating a need to 
gain consensus among clinical educators who may be responsible for supervising learners 
(Young et al, 2019).

In a clinical practice context, most healthcare professionals would accept that clinical 
reasoning involves much more than making a diagnosis, since the diagnosis is merely a 
prequel for starting treatment. Against this backdrop, clinical reasoning is much more about 
the way healthcare professionals, either as individuals or as a team, take in information 
about a patient presenting for medical attention, formulate a differential diagnosis, confirm 
a most likely diagnosis (and/or a list of problems as appropriate), propose a management 
plan and communicate that plan to patients and other healthcare professionals. Therefore, 
clinical reasoning can be seen as having a number of components (Daniel et al, 2019) (see 
Table 1), and these are all important for ensuring diagnostic accuracy but also minimising 
diagnostic error.

Why teach clinical reasoning
Reducing avoidable harm is a patient safety priority in the National Health Service (NHS), 
with an estimated 19,800 to 32,200 episodes of avoidable harm in 2020 (Illingworth et al, 
2022). There is a growing body of literature demonstrating that diagnostic error contributes 

Table 1. The seven components of clinical reasoning, adapted from 
Daniel et al (2019)

Component Definition

Information gathering The process of gathering data to generate or refine 
diagnostic hypotheses

Hypothesis generation An analytic or non-analytic process by which a physician tries 
to find diseases that could explain a patient’s clinical findings

Problem representation A dynamic mental representation of the key aspects of the 
case, communicated as a summary involving semantic 
qualifiers and key findings

Differential diagnosis A list of diagnostic hypotheses that best represent 
categorisations of the problem representation

Working diagnosis A diagnosis that the physician feels has crossed their 
personal probability of a disease being present to warrant 
further investigation or treatment

Diagnostic justification The use of key clinical findings to choose one or more 
diagnoses as most likely and to defend that choice

Management and treatment Actions that follow the clinical reasoning process, including 
prognosis, management, treatment, and prevention strategies
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a significant proportion of adverse outcomes for patients, with at least three-quarters of 
diagnostic errors due to individual rather than system-related factors (Graber et al, 2005). 
Diagnostic error is common, with some series demonstrating a 20–40% discrepancy 
between antemortem and postmortem diagnoses. Furthermore, the frequency of diagnostic 
errors has been reported to occur at a rate of 10–15% (Graber et al, 2005; Graber, 2013); 
hence, reducing individual errors is also a priority for clinical educators. Individual errors 
are essentially classified into three categories based on where errors tend to occur in the 
thinking process.

Faulty knowledge and skills describe the group of diagnostic errors occurring when 
individuals are unaware of a particular diagnosis or unable to recall the diagnosis when it is 
necessary to do so (Graber et al, 2005). For example, a clinician does not consider a diagnosis 
of subarachnoid haemorrhage in patients presenting with a headache that reaches maximal 
intensity within five minutes. Faulty data gathering describes the group of errors occurring 
when individuals do not collect sufficient information about the patient’s presentation, 
either through history taking, physical examination or any other stage of information 
gathering (Graber et al, 2005). For example, clinicians may not identify papilloedema 
in patients presenting with headaches because they do not perform fundoscopy. Finally, 
faulty information synthesis describes the group of errors occurring when individuals 
do not synthesise information correctly, identifying incorrect diagnoses or differentials 
(Graber et al, 2005). For example, clinicians may incorrectly propose vasculitis in patients 
presenting with rash and headache when the diagnosis was meningococcal meningitis.

Teaching about clinical reasoning, and specifically these categories, may raise individual 
awareness about diagnostic error, but may not necessarily reduce the problem next time 
around (Norman and Eva, 2010). Conversely, evidence from the clinical reasoning literature 
does demonstrate that increasing knowledge, and in the context of experts who ‘have 
knowledge’, increasing the ability to recall knowledge faster, does reduce diagnostic error 
(Norman and Eva, 2010).

The challenges of teaching clinical reasoning
Fundamentally, the general approach to teaching many difficult-to-measure concepts in 
medical education, such as reflection, professionalism or clinical reasoning, has been to 
define or describe them as best as possible and then develop ways to teach and assess 
them. However, clinical reasoning may be one of those concepts where attempting to just 
define it and then immediately proceed to teach or assess it may be a less ideal way of 
going about things (Monteiro et al, 2020). As noted above, there is evidence that simply 
defining clinical reasoning is insufficient, as the term can mean different things to different 
people. This lack of consistency in understanding across individuals means learners are 
likely getting variable teaching and likely also less reliable assessment of clinical reasoning 
ability (Young et al, 2019).

There are several different challenges for experts, such as consultants, in teaching clinical 
reasoning to novices such as medical students, junior doctors or allied health professionals. 
Firstly, clinical reasoning is invisible and takes place inside someone’s head (Norman and 
Eva, 2010). Being implicit rather than explicit in this way, novices are left to infer what 
may be happening inside the heads of experts by from what they do. For example, if a 
consultant, after a patient interaction on a ward round, requests a lumbar puncture, the 
novice may deduce the differential may include meningitis or subarachnoid haemorrhage.

Secondly, the reasons individuals share to explain their thinking or behaviour may 
actually not be the ones that truly represent their reasoning or prompted their actions at 
the time. There is a large body of literature that demonstrates memory, specifically our 
working memory, is finite, and is only able to hold and process a finite number of things at 
any one moment (Sweller, 1988; Baddeley, 2003; Miller, 1956). Therefore, over the course 
of even a 10-minute interaction where a consultant is performing clinical reasoning and 
a medical student or others are watching, there will be any number of things which may 
not get shared at the end of the consultation in discussion which may have been relevant 
to the forming of a diagnosis and differential.
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Thirdly, the way in which experts store knowledge changes over time, so the way they 
teach something will invariably not be constant (Schmidt and Rikers, 2007). Each patient 
interaction in clinical practice leads to a re-constitution of their knowledge as it gets 
retrieved from long-term memory, further built on from new and different experiences, 
and new learning emerges from subsequent patients presenting with the same problem. 
Over time, each expert’s illness scripts (i.e., mental models representing what they know 
about something) get chunked down into more and more sophisticated bits of networked 
knowledge (Boshuizen and Schmidt, 2008). Furthermore, these illness scripts are unique 
to them and inaccessible for others to truly examine, but fundamentally, they can never 
be the same as the illness scripts of their learners, who have, by definition, had different 
experiences over time. Therefore, some of this knowledge in everyone becomes unconscious 
and impossible even for the experts to make explicit for others.

Fourthly, the traditional way we have taught clinical reasoning in medical schools, 
specifically around a consultation model, is looking less likely to represent how it happens 
in clinical practice and, indeed, how we understand humans take in and process information. 
Evidence from cognitive psychology suggests that we have two systems for information 
processing when we think through a clinical problem—System 1 and System 2 (Croskerry, 
2009; Kahneman, 2011). System 1 is a form of rapid, unconscious information processing, 
which is effectively a form of pattern recognition (Kahneman, 2011). For example, the 
spot diagnosis as a form of instruction is based on System 1 information processing, with 
the expectation novices who either ‘know’ or ‘should know’ a diagnosis and don’t have 
to think through things after inspecting a clinical sign (Croskerry, 2009).

System 2 is a slower, more effortful, analytical form of information processing whereby 
information is collected and weighed up deliberatively (Kahneman, 2011). For example, 
the structured history taking of a medical student systematically exploring a presenting 
complaint and evaluating each diagnostic hypothesis which comes to mind. Bayes’ theorem 
is another example of System 2 information processing and we can consider it in terms 
of conditional probability, i.e., the degree to which if one statement is true, another will 
also be true (Stone, 2013). For example, pain moving to the right iliac fossa changes the 
probability of the diagnosis being acute appendicitis (Ohle et al, 2011).

However, many undergraduate medical schools teach clinical reasoning, and consequently 
the design of many consultation models, such as the hypothetico-deductive model, 
predominantly draw from System 2 rather than System 1 or both. The history taking 
approach, i.e., the ways in which open and closed questioning are used to generate diagnostic 
hypotheses-involves analysis of patient responses to act as cues or prompts for the next line 
of enquiry in an attempt to rule hypotheses in our out (Elstein et al, 1978), with assessment 
rewarding systematic and logical approaches to data-gathering first and foremost.

Clinical reasoning has conventionally also been seen as an individual activity, happening 
at one moment in time, which ends after the patient interaction. Whereas in practice, 
clinical reasoning is ongoing and evolving, involving lots of professionals iterating and 
refining diagnoses and management plans over time (Al Fayyadh et al, 2017; Daniel et al, 
2020a; 2020b). For example, when a patient presents for medical attention complaining 
of a headache, their general practitioner (GP), due to their concern about a serious cause, 
arranges for admission and further investigation. The patient then arrives in the Emergency 
Department with a letter, seen by the admitting nurse, who requests some initial tests 
before the patient is reviewed by a junior doctor, who then may request a computed 
tomography (CT) scan and organise admission to the acute medical unit. By the time the 
patient is reviewed by the consultant on call, the clinical reasoning of all these healthcare 
professionals has contributed towards their care, rather than just that of the referring GP 
at the start of the patient journey.

Finally, clinical reasoning is prone to cognitive biases, and teaching about these doesn’t 
necessarily mean clinicians are any less likely to be prone to them (Norman et al, 2017). 
Cognitive biases are systematic patterns of deviation from norm or rationality in judgement 
(Haselton et al, 2015), and are associated with errors in thinking in many contexts (Tversky 
and Kahneman, 1974). They have also been demonstrated to play a role in cases of 
diagnostic error and patient harm (Schiff et al, 2009; Singh et al, 2013; Okafor et al, 2015). 
However, it would be oversimplistic to simply suggest that ‘a bias is bad’ since biases are 
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inherently human phenomena, just like reflection or imagination. Biases are essentially 
mental shortcuts and are effective in reducing the amount of cognitive overload individuals 
would otherwise have to think through as they go about their daily business. For example, 
in a clinical context, our bias towards acting rapidly when a patient experiences central, 
crushing chest pain radiating down the left arm leads to benefits to patient care. While there 
has been considerable interest and some evidence for cognitive de-biasing techniques, for 
some it seems implausible that interventions can completely de-bias unconscious processes 
(Norman and Eva, 2010).

Effective strategies for teaching clinical reasoning
The evidence to date from various clinical reasoning studies and investigations into diagnostic 
error, confirm the importance of knowledge for increasing diagnostic accuracy (Graber 
et al, 2012). Therefore, it is important when teaching clinical reasoning that teachers have a 
clear understanding of what knowledge challenges are associated with diagnostic error and 
what strategies are effective for supporting novices to apply their knowledge appropriately 
when undertaking a task.

Novices and experts have different amounts and types of knowledge, similar to the 
differences between children and adults. Therefore, it follows that novices are not mini-
experts in the same way that children are not mini-adults. However, it is easy for clinical 
teachers to overlook this difference and assume their learners’ personal and professional 
development will be the same or similar to theirs. The evidence from the wider clinical 
reasoning literature, and specifically expertise development in psychology, suggests expert 
illness scripts are not identical from one expert to the next therefore teaching novices to 
perform clinical reasoning ‘this way’ or ‘that way’ may not be effective (Schmidt and 
Rikers, 2007).

Rather, a sound basis upon which to start any teaching session is for experts instead to 
identify what a learner, or group of learners, already know about a clinical area or problem 
and adapt instruction to build on their knowledge base. For example, a teaching session on 
renal medicine for learners in the later years of the curriculum could proceed straight into 
a topic such as acute kidney injury or chronic kidney disease. However, starting instead 
with a question about the functions of the kidney to ascertain what foundational knowledge 
learners have at the start of the session so that subsequent layering of information about either 
acute kidney injury or chronic kidney disease is modified to address any gaps, which may 
themselves be perquisites for developing later understanding, is more beneficial for learners.

Expert clinicians also develop a large and detailed body of knowledge in their particular 
specialist area over time. In some cases, however, there is also a loss of knowledge in other 
specialist areas over time. This does not mean they no longer ‘know something’. Rather, 
they are unable to recall some knowledge as fast as other knowledge they perhaps use more 
frequently in practice. Likewise, this struggle with recall does not make experts any less of 
an expert, but reflects the way in which memory works across all humans. Therefore, the 
teaching challenge for experts in areas outside their primary subject domain is to ensure 
they have retrieved the pre-requisite knowledge for teaching a given topic beforehand.

Perhaps even more importantly, the challenge for these experts is also to assimilate 
information and knowledge relevant to novices at their stage of development. Once 
one ‘knows something’, it’s not easy over time to remember the difficulties associated 
with learning encountered previously. Likewise, experts can overlook the way in which 
knowledge should be deconstructed into constituent parts to help novices chunk up ideas and 
concepts and develop true understanding. The risk of not ensuring novices have sufficient 
knowledge of underlying principles before teaching more advanced or complicated ideas, 
is that novices are overwhelmed due to cognitive overload.

To overcome cognitive overload when teaching clinical reasoning, using worked examples 
as part of the activity is an effective teaching strategy. Worked examples provide mental 
scaffolds for System 2 thinking, which novices may not have independently developed 
themselves. The worked examples also make explicit abstract concepts that may have been 
taught in a classroom context but now become visible in the context of patient presentation. 
By talking through worked examples, experts are also able to help novices plug any gaps 
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in their knowledge of the clinical sciences, as well as clarify any misconceptions about 
their reasoning of the clinical problem.

The ability of novices to synthesise and then construct an accurate problem representation 
is critical for effective clinical reasoning (Norman et al, 2002). A problem representation 
is ‘a dynamic mental representation of the key aspects of the cases communicated as a 
summary involving semantic qualifiers (which are adjectives such as ‘acute’ or ‘chronic’) 
and key findings’ (Daniel et al, 2019). Experts can synthesise problem representations 
very quickly, using them to efficiently communicate case presentations to one another. 
Novices are often challenged with constructing them because they struggle with reasoning 
through the problem and lack knowledge of the precise language for describing what they 
see in front of them.

Therefore, experts can really help novices who lack both clinical science and contextual 
knowledge when clinical reasoning, better use precise medical terms when describing their 
clinical findings, and help them understand differences between words such as ‘acute’ or 
‘chronic’ when communicating their problem representations (Bordage, 2007). Making 
explicit distinctions between terms and sharing insight into when the use of terms is 
appropriate also helps novices to learn the implications of not using terms correctly, for 
example, when referring patients who cause concern to seniors in a timely manner.

Finally, deliberate reflection is also an effective clinical reasoning teaching strategy that 
involves experts systematically examining the way in which novices make sense of their 
most likely diagnosis and providing diagnostic justification for any plausible differentials 
for a given clinical presentation. Novices are asked to indicate which case features support 
a given diagnosis, which features make a plausible differential less likely, and crucially, 
also which features should be present if a given diagnosis were to be true but, crucially, are 
not. This diagnostic justification is repeated for each diagnosis that is under consideration 
(Mamede and Schmidt, 2023), with evidence the technique is particularly effective among 
novices using simple cases. There remains debate around the use of this technique for 
more complex cases and with more experienced clinicians (Mamede and Schmidt, 2023). 

Conclusion
Clinical reasoning is a multi-faceted construct which underpins much of what we do in 
healthcare after a patient presents for medical attention through. Each clinician across the 
will, individually and as part of a multi-professional team, will engage in clinical reasoning 
to establish a diagnosis and construct management. Therefore, ensuring a shared mental 
model between individuals is critical for improving diagnostic accuracy and reducing 
diagnostic errors. Teaching novices to develop clinical reasoning requires more than just 
providing them opportunities to watch experts in practice. Several strategies are effective 
for teaching individuals to remain circumspect when undertaking clinical reasoning, and 
deliberately reflect on diagnoses and management plans to keep patients safe.
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