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Introduction
Fifteen years after its publication, this 2006 landmark article continues to bestow knowledge and 
guidance to both teachers and learners of clinical reasoning. Increased emphasis on reasoning 
skills in medical education and key research developments prompted our desire to update this in-
formation. Therefore, we have annotated this article to address some of these developments:
•� �Current research on clinical reasoning that expands theoretical lenses to include sociocultural 

theories as well as cognitive science. Notably, the personal histories that clinicians and pa-
tients bring to each encounter play a significant role in implicit bias. 

• �A greater recognition that diagnosis is co-created by the patient and the diagnostic team, 
which can include a broad array of health care professionals and an understanding that 
problem representations activate interactive and continuous analytic and nonanalytic rea-
soning processes. 

• �A call for clinical teachers to observe learners and provide formative feedback as part of an 
“educational alliance,” whereby a transactional delivery of feedback shifts to a conversation 
aimed at improving learning. 

• �New resources to help clinical teachers facilitate learning, including emerging innovative 
technologies.

Clinical teachers differ from clinicians in a fundamental way. 
They must simultaneously foster high-quality patient care and assess the clin-
ical skills and reasoning of learners in order to promote their progress toward 

independence in the clinical setting.1 Clinical teachers must diagnose both the pa-
tient’s clinical problem and the learner’s ability and skill.

review article

�The goal of promoting learners’ progress toward independence is evolving to ref lect how medi-
cine is practiced and how clinicians use resources — human and material — to guide clinical 
reasoning. Medical practice now focuses on shared decision making and collaborative practice. 
Thus, teachers should promote awareness of interdependence among patients, families, and 
other members of the health care team when reasoning through clinical problems with learners. 
The goal of this interdependence is to reach the best diagnostic outcome possible, which includes 
being mindful of how unconscious bias inf luences clinical reasoning. Interdependence also in-
cludes the concept of co-creation of diagnosis and treatment (i.e., shared decision making). 

(continued on next page)
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To assess a learner’s diagnostic reasoning 
strategies effectively, the teacher needs to con-
sider how doctors learn to reason in the clinical 
environment.2-4 Medical students in a classroom 
generally organize medical knowledge according 
to the structure of the curriculum. For example, if 
pathophysiology is taught according to organ sys-
tems, then the student’s knowledge will be simi-
larly organized, and the recall will be triggered by 
questions related to specific organ systems or 
other contextual clues. In the clinical setting, the 
patient’s health and care are the focus. Clinical 
problems may involve many organ systems and 
may be embedded in the context of the patient’s 
story and questions. Thus, in the clinical setting, 
the student’s recall of basic science knowledge 
from the classroom is often slow, awkward, or 
absent. Only after learners make new connections 

between their knowledge and specific clinical en-
counters can they also make strong connections 
between clinical features and the knowledge 
stored in memory.5,6 This report focuses on how 
clinical teachers can facilitate the learning pro-
cess to help learners make the transition from 
being diagnostic novices to becoming expert 
clinicians.

Di agnos tic R e a soning

There is a rich ongoing debate about our under-
standing of the complex process of clinical diag-
nostic reasoning.2,3 In this report, some of the 
basic processes involved in clinical reasoning, as 
understood according to current knowledge, are 
translated into practical and specific recommen-
dations for promoting the development of strong 
diagnostic reasoning skills in learners. The recom-
mendations are illustrated by a clinical case 
presentation.

The Case as Seen by a Novice Resident and an Expert Resident.

Patient’s story: My knee hurt me so much last night, I woke up from sleep. It was fine when I went to bed. Now it’s 
swollen. It’s the worst pain I’ve ever had. I’ve had problems like this before in the same knee, once 9 months ago 
and once 2 years ago. It doesn’t bother me between times.

Novice resident’s presentation: My next patient 
is a 54-year-old white man with knee pain.  
It started last night. He does not report any 
trauma. On examination, his vital signs are 
normal. His knee is swollen, red, and tender 
to touch. It hurts him a lot when I test his 
range of motion. He’s had this problem 
twice before.

Expert resident’s presentation: My next patient is a 54-year-old white 
man with a sudden onset of pain in his right knee that awakened 
him from sleep. He does not report any trauma and was essentially 
asymptomatic when he went to bed. His history is remarkable for 
two episodes of similar, severe pain 9 months and 2 years ago.  
He is pain-free between episodes. He is afebrile today. His knee  
is swollen, tender to touch, and erythematous.

Teacher’s inquiry: What do you think is causing this patient’s knee pain?

Novice resident’s response: It could be an 
infection. It could be a new onset of rheu-
matoid arthritis. It could be Lyme disease. 
Since he doesn’t recall falling, I doubt it’s 
an injury. I don’t know whether osteoarthritis 
ever presents like this, but he does have a 
history of knee pain.

Expert resident’s response: The patient has acute gout. He has had 
multiple discrete episodes with abrupt onset of extremely severe 
pain involving a single joint with evidence of inflammation on 
examination. Before all his episodes, he is asymptomatic. I would 
have expected gout to affect the first metatarsophalangeal joint, 
but it can present in the knee. Nothing suggests any ongoing, 
chronic problem in the knee. I don’t see any portal of entry to 
suggest acute infectious arthritis and he looks quite well for that. 
His other joints are normal on examination. I doubt that he has a 
flare-up of osteoarthritis with pseudogout or a systemic, inflam-
matory arthritis such as rheumatoid arthritis.

 

The first recommendation of the National Academy  
of Medicine’s (NAM) 2015 report, Improving 
Diagnosis in Health Care, was to improve team-
work in the diagnostic process. A major departure 
from the classic physician-centered approach, this 
new team includes the patient, treating clinicians, 
nurses, pharmacists, physical therapists, radiologists, 
pathologists, and others.

(continued from previous page)

This article approached clinical reasoning largely 
from a cognitive perspective. Early clinical reasoning 
research demonstrated the importance of adequate 
case-specific knowledge in diagnosis. However, sub
sequent scholarship helped broaden our theoretical 
lenses and showed that contextual factors can 

(continued on next page)
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Clinical teachers observe learners gathering 
information from patients, medical records, im-
aging studies, results of laboratory tests, and 
other health care providers. On the basis of their 
observations, and through the discussion of 
clinical cases, teachers draw conclusions about 
the learners’ performance, including their reason-
ing processes. 

A hypothetical case provides an example of a 
conversation involving a patient, two learners with 
different levels of expertise, and the clinical 
teacher (see Box). In this case,7-9 a patient with 
knee pain makes an urgent visit to an ambulatory 
care practice. A novice resident (with relatively 
little experience with this patient’s problem, 
which is gout) and an expert resident (who is fa-
miliar with this problem, having seen other pa-
tients with gout) each independently interviews the 
patient, performs an examination, presents the 
case to the preceptor, and separately discusses 
the case with the preceptor. As becomes evident, 
the expert resident has transformed the patient’s 
story into a meaningful clinical problem. The 
novice resident has also transformed the patient’s 
story, but less elaborately. What the teacher 
hears from both residents differs substantially 
from what the patient told them.

The expert resident brought two sets of skills 
to the encounter with the patient. First, this resi-
dent probably formed an early impression — a 
mental abstraction — of the patient’s story. Al-
though possibly unaware of this formulation, the 
resident’s mental abstraction influenced his diag-
nostic strategy. Guided by his early impression, the 
resident probably asked a series of questions, and 
the patient’s responses guided both further ques-
tioning and the planning of a focused physical 
examination. The resident’s approach involved a 
search for information that could be used to dis-
criminate among any number of diagnostic expla-
nations of the patient’s problem. The novice resi-
dent might not have formed a mental abstraction 
of the case and probably was not sure which ques-
tions to pose to the patient.

Second, the expert resident’s clinical case pre-
sentation was a succinct summary of the findings, 
providing the teacher with a clinical picture of the 
patient as seen through the resident’s eyes. On the 
basis of the case presentations by both the expert 
and the novice residents, the teacher may or may 
not have had a firm idea of what was wrong with 
the patient. Rather than offer an opinion, however, 
the teacher asked the expert resident to reason 
aloud about the case, thereby providing the teacher 
with additional clinical information about the pa-
tient as well as considerable insight into the resi-
dent’s clinical reasoning skills. The teacher used 
the same strategy with the novice resident, and 
although the result added little information about 
the patient, the teacher learned something about 
the novice resident’s limited clinical reasoning.

significantly impact diagnostic accuracy, even when 
clinicians have demonstrated adequate case-specific 
knowledge. In addition, the application of sociocultural 
theories to clinical reasoning have led to the under-
standing that diagnosis is a social activity wherein 
understanding is developed through interactions 
among patients, health care professionals, and the 
environment.
Thus, clinical reasoning is now viewed as a contextu-
ally situated and socially mediated activity ref lect-
ing unique new theoretical interpretations that focus 
on reasoning in context and the historical lived expe-
riences that patients, clinicians, and other members 
of the diagnostic team bring to clinical encounters.

(continued from previous page)

The role of clinical teachers in supporting learners’ ef-
fective deliberate practice remains critical. Clinical 
teachers observe learners and provide formative feed-
back using several approaches. A wide array of tools 
are available to assess clinical reasoning with varying 
advantages and disadvantages by method. 
•	 �Direct observation of learners in the authentic  

clinical environment is essential. Workplace-based 
assessments (observational tools frequently con-
structed to align with entrustable professional ac-
tivities) can be used to assess moment-in-time clini-
cal reasoning. 

•	 �Innovations in screen-based simulations of patient 
encounters present emerging opportunities in pro-
spective assessment of reasoning in a standardized 
manner and at a large scale, although assessing 
clinical reasoning in simulation cannot replace ob-
servations in authentic clinical settings.

•	 �Formative feedback — “no-stakes” feedback for 
learning — is crucial for learning in clinical set-
tings. An updated approach can be framed as part 
of an “educational alliance” whereby feedback 
shifts from a transactional delivery of information 
to a conversation for improving learning in the 
context of a supportive educational relationship. 
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Key elements of clinical diagnostic reasoning 
are shown in Figure 1. 

The first step in diagnostic reasoning, which 
is based on knowledge, experience, and other 
important contextual factors,10 is always data 
acquisition. Data acquisition, depending on the 

setting, may include elements of the history, the 
findings on physical examination, and the results 
of laboratory testing and imaging studies. 
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Figure 1. Key Elements of the Clinical Diagnostic Reasoning Process.

Although Figure 1 portrays diagnostic reasoning as lin-
ear for ease of depiction, experts consider it a nonlinear, 
iterative process in most clinical encounters whereby 
early problem representation triggers knowledge acti-
vation of potential diagnoses and leads to further data 
gathering, which in turn may alter the problem repre-
sentation and eliminate some or trigger other diagnos-
tic considerations. When possible, a leading diagnosis 
is selected, and a management plan instituted.
The diagnostic reasoning process can be considered 
forward in nature, from data to diagnosis, or back-
ward in nature, from hypothesis to diagnosis (the 
hypothetico-deductive approach). Some visual diag-
noses are made rapidly through pattern recognition. 
Since the publication of this article, published problem- 
solving exercises to illustrate the clinical diagnostic 
reasoning process have become commonplace. NEJM 
regularly publishes such exercises in the form of  
Clinicopathological Conferences (CPCs) and Clinical 
Problem Solving (CPS) articles.

Early in the patient encounter, the problem representa-
tion activates a search for a list of possible solutions 
(i.e., a differential diagnosis) using a combination of 
fast (pattern recognition) and slow (diagnostic sche-
mas) thinking. As data are obtained, the problem repre-
sentation becomes more focused, and the differential 
diagnosis is refined. This iterative process results in the 
natural evolution of an initial unsolved problem into a 
refined specific summary statement of the patient’s 
problem with justification for the leading diagnosis 
and other plausible or “do-not-miss” diagnoses.
To avoid confusion, we distinguish the early problem 
representation from the summary statement: 
•	 �The problem representation is an abstraction of early 

key clinical information written or spoken as a prob-
lem in the context of generic patient factors (e.g., age, 
biologic sex, and/or key preexisting diagnoses) and 
serves the purpose of activating relevant knowledge. 
The early problem representation evolves during the 
clinical-reasoning process as hypothesis-driven data 
bring new information to light. 

•	 �Once the clinician is satisfied that enough informa-
tion is known to put forth a probable diagnostic 
hypothesis, the summary statement is the articula-
tion (verbal or written) of the patient’s clinical prob-
lem, based on data acquisition and synthesis. The 
summary statement frames discussion of the lead-
ing diagnostic hypotheses (e.g., clinical reasoning 
argument) during a case presentation.

Hypothesis generation can occur immediately follow-
ing acquisition of demographics and the chief com-
plaint. In fact, early consideration of a differential di-
agnosis may improve diagnostic accuracy among early 
learners. These initial considerations drive the cyclic 
nature of information gathering, hypothesis genera-
tion, more information gathering (based on the illness 
scripts activated from memory), and hypotheses refine-
ment. This cycle is shown in Figure 1 with the reverse 
arrow pointing from search/selection of illness scripts 
back to data acquisition.
The problem representation is likely important in  
management reasoning and can lead to activation of  
management scripts, which are high-level, precom-
piled, conceptual knowledge structures of the courses of 
action that a clinician can undertake to address a pa-
tient’s health care problem(s). Management scripts can 
be considered as extensions of illness scripts.
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Another early step is the creation of the men-
tal abstraction or “problem representation,” 2,8,11 
usually as a one-sentence summary defining the 
specific case in abstract terms. Clinicians may 
have no conscious awareness of this cognitive step. 
The problem representation, unless elicited in the 
teaching setting, is rarely articulated. Rather, the 
teacher infers the learner’s problem representa-
tion from the learner’s presentation of the case.

For the case used as the example, the expert 
resident’s problem representation, had it been elic-
ited, might have been the following: “The acute 
onset of a recurrent, painful, monoarticular 
process in an otherwise healthy middle-aged 
man.” The problem representation illustrates the 
transformation of patient-specific details into 
abstract terms. “Last night” became “acute on-
set,” “I’ve had problems like this before” be-
came “recurrent,” “same knee” became “mono-
articular,” and the patient’s age, sex, and 
medical history are summarized as “otherwise 
healthy, middle-aged man.” In this transforma-
tion, the characterization of the problem facili-
tates the retrieval of pertinent information from 
memory.7 The novice resident may be less able 
than the expert resident to develop an accurate 
problem representation.

When prompted by the teacher to reason about 
the case, the expert resident used abstract seman-
tic qualifiers to describe the case findings. Seman-
tic qualifiers are paired, opposing descriptors that 

can be used to compare and contrast diagnostic 
considerations. The resident used several implied 
pairs when considering hypotheses for a diagno-
sis of gout: multiple (not single) and discrete (not 
continuous) episodes, abrupt (not gradual) onset, 
severe (not mild) pain, and a single joint (not mul-
tiple joints). The use of such semantic qualifiers is 
associated with strong clinical reasoning.7-9

To create a concise, appropriate problem rep-
resentation and to reason succinctly, the resident 
must have clinical experience with similar patients 
and must be able to recognize the information that 
establishes gout as the diagnosis while ruling out 
other possibilities. The way the clinical experience 
is stored in memory either facilitates or hinders 
the ability to formulate the problem representa-
tion. Expert clinicians store and recall knowledge 
as diseases, conditions, or syndromes — “illness 
scripts” — that are connected to problem repre-
sentations.2,4,12,13 These representations trigger 
clinical memory, permitting the related knowl-
edge to become accessible for reasoning. Knowl-
edge recalled as illness scripts has a predictable 
structure: the predisposing conditions, the patho-
physiological insult, and the clinical consequenc-
es (Fig. 2). 

Chunking, the process of taking individual pieces of 
information and grouping them into larger buckets 
based on previously acquired knowledge, enables ex-
perts to increase the availability of working memory 
to solve problems. Learners should be encouraged to 
group or chunk clinical information to enable more-
efficient problem synthesis, illness script activation, 
and discussion of the differential diagnosis. When 
considered separately, each clinical finding can acti-
vate illness scripts independently, resulting in an un-
wieldy differential diagnosis or list of disconnected 
possibilities. A succinct problem representation con-
nected to a short list of two or three diagnostic possi-
bilities should be encouraged. This shorter differential 
diagnosis could give learners more time to explain 
which discriminating findings lead to the prioritiza-
tion of the leading diagnosis over other less-likely  
diagnoses. Generating long lists of possible diagnoses 
is not associated with diagnostic accuracy.

16p6

Pathophysiological insult
Abnormal uric acid metabolism
Precipitation of crystals in joint
Inflammation of the joint

Predisposing conditions
Age ≥40 yr
Male sex
Alcohol use
Use of diuretics

Clinical consequences
Acute pain
Single joint, usually the first 

metatarsophalangeal joint
Recurrent
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Figure 2. Example of an Illness Script for Gout.
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Constructed on the basis of exposure to pa-
tients, illness scripts are rich with clinically rele-
vant information. Their content varies for each 
physician and among physicians. Some illness 
scripts are conceptual models, such as groups 
of diseases, whereas others are representational 
memories of specific syndromes. With experience, 
clinicians also store memories of individual pa-
tients, and the recollection of a particular patient 
often triggers the recall of relevant knowledge.14 
The defining and discriminating clinical features 
(Fig. 3) of a disease, condition, or syndrome be-
come “anchor points” in memory. In the future, 
recollection of such stored experiences expands 
the clinician’s ability to recognize subtle but im-
portant variations in similar cases.13

When prompted to reason aloud, the novice 
resident listed possible causes of knee pain. The 
expert resident, however, compared and contrasted 
several relevant hypotheses — acute gout, infec-
tious arthritis, osteoarthritis with pseudogout, and 
rheumatoid arthritis — and included the discrimi-
nating features of each possibility. Such reasoning 
may represent the mental processes of search-
ing  for and verifying an illness script, with the 

elimination of hypotheses for which the defining 
features of a specific illness script are absent.2,4,12,13 
Such comparisons often take place in the expert 
clinician’s mind during the data-acquisition phase 
and form the basis of a focused strategy for ques-
tioning the patient and for the physical examina-
tion. Additional data gathering is purposeful: it is 
a search for the defining and discriminating fea-
tures of each illness script under consideration.

Clinicians familiar with the clinical presenta-
tion of gout will recognize the pattern of symp-
toms and signs of gout in the expert resident’s 
case presentation. Such rapid, nonanalytic clinical 
reasoning is associated with experience with the 
type of problem, in this case gout. The defining 
features for a diagnosis of gout are associated in 
memory as an illness script and, for some clini-
cians, are also associated with memories of indi-
vidual patients. Access to these memories is easily 
triggered when the clinical findings of gout are 
present. The expert resident recognized the pat-
tern of symptoms and signs of gout and selec-
tively accessed the illness script constructed on the 
basis of experience.

The novice resident’s clinical experience with 
gout was limited; perhaps knowledge gained from 
prior cases of gout failed to be transferred to 
memory. The novice resident used a slower, more 
deliberate method of testing a hypothesis for this 
clinical problem, generating multiple plausible 
hypotheses for acute arthritis. Additional data 
gathering would be useful either to confirm or 
to rule out these diagnostic considerations in a 
conscious, analytic fashion.

Clinicians store knowledge of specific diseases or syn-
dromes in their memory as illness scripts that work for 
any variation of the disease or condition under con-
sideration. Illness scripts consist of three components: 
epidemiological risk factors, pathophysiology, and 
clinical findings. Some information in the script is 
core to or a defining feature of the condition and some 
script elements can accommodate a range of variables. 
For example, the illness script for gout requires joint 
involvement (core), but any joint location can be in-
volved such that the diagnosis of gout is not eliminat-
ed as a possibility if the first metatarsal phalangeal 
joint is not involved, even though this is the stereo-
typical presentation.  
As an illness script is triggered, information from the 
script is compared to information about the event that 
triggered the script (instantiation) or a representation 
of a concrete event (i.e., the patient’s clinical findings). 
If important information in the script is missing, the 
clinician seeks out that information from the patient 
(or a simulated case). If the patient’s clinical findings 
match with the clinician’s illness script, the script is 
retained for continued consideration. 
Teaching using illness scripts may improve the perfor-
mance of novice learners. More recent literature has further explored cognitive 

load theory and the limitations of working memory 
in novice and experienced learners. Chunking (group-
ing individual pieces of information into larger buck-
ets based on previously acquired knowledge) enables 
experts to expand the availability of working memory 
to solve problems. Thus, helping learners chunk mate-
rial can reduce cognitive load. From a teaching per-
spective, presenting cases to novices at the appropriate 
level of difficulty and adding scaffolding to help the 
learner work through the problem may reduce cogni-
tive load and enhance learning. 

Coupling illness script theory with probabilistic rea-
soning can augment the learner’s ability to estimate 
the likelihood of a diagnosis. 

(continued on next page)
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Both nonanalytic and analytic reasoning strat-
egies are effective and are used simultaneously, in 
an interactive fashion.3 Nonanalytic reasoning, as 
exemplified by “pattern recognition,” is essential 
to diagnostic expertise,2-4,6,12,13 and this skill is 
developed through clinical experience. Delibera-
tive analytic reasoning is the primary strategy 
when a case is complex or ill defined, the clinical 
findings are unusual, or the physician has had 
little clinical experience with the particular disease 
entity. Clinicians often unconsciously use multiple, 
combined strategies to solve clinical problems, 
suggesting a high degree of mental flexibility and 
adaptability in clinical reasoning.3,4

By prompting the learner to reason aloud or 
eliciting the learner’s uncertainties, the clinical 
teacher can uncover the reasoning process used by 
the learner. In responses to the teacher’s questions 
“What do you think?” or “What puzzled you?” 
weak and strong diagnostic reasoning can be 

readily distinguished.15 As was true of the novice 
resident in the case example, learners whose 
discussion is poorly organized, characterized 
by long, memorized lists of causes of isolated 
symptoms, or only weakly connected to informa-
tion from the case are reasoning poorly.16 They 
do not connect stored knowledge with the cur-
rent clinical case because they lack either experi-
ence with such cases or basic knowledge.

Learners with strong diagnostic reasoning 
skills often use multiple abstract qualifiers to dis-
cuss the discriminating features of a clinical case, 
comparing and contrasting appropriate diagnos-
tic hypotheses and linking each hypothesis to 
the findings in the case. The discussion between 
such a learner and the clinical teacher is often 
quite concise and may be so abbreviated that its 
result, the diagnosis, appears to be a lucky guess. 
In such situations, the teacher may need to ask 
additional questions that probe the learner’s rea-
soning or uncertainties to be sure that reasoning, 
rather than luck, brought the diagnosis to light. 
Strong diagnosticians can readily expand on their 
thinking.15,16

Figure 3. Defining and Discriminating Features of a Set of Diagnostic  
Hypotheses for Acute Arthritis.

The problem representation is “acute onset of a recurrent, painful, mono-
articular process in an otherwise healthy middle-aged man.” Defining fea-
tures are descriptors that are characteristic of the diagnoses (e.g., gout, 
septic arthritis, osteoarthritis). Discriminating features are descriptors that 
are useful for distinguishing the diagnoses from one another.22p3
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featureEvidence suggests that learners with limited experi-

ence, and therefore a limited repository of illness 
scripts from which to draw, might benefit from Bayes-
ian reasoning as a means of building knowledge to 
think critically. Bayesian reasoning emphasizes the 
pretest probability of disease based on epidemiologic 
data and new clinical information (e.g., history, 
exam findings, or tests) to calculate a revised (post-
test) probability. In addition to illness script instruc-
tion, evidence suggests that explicit conceptual in-
struction on Bayesian reasoning significantly 
improves the accuracy of posttest probability estima-
tion for novice clinicians. This approach will help nov-
ices link predisposing factors and clinical data of the 
illness script with probabilities.
Emerging teaching tools instruct the use of “Bayesian 
illness scripts” in the diagnostic reasoning process.
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Although some experts in clinical reasoning have pro-
posed that educational strategies to improve clinical 
diagnostic reasoning focus on cognitive forcing strate-
gies, the impact of such interventions in clinical en-
counters remains unsubstantiated. Knowledge-based 
ref lection, which encourages learners to carefully ana-
lyze the evidence that increases or decreases the proba-
bility of diseases in the differential diagnosis, might 
be effective in some contexts, but data are limited to 
simulated written cases.
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R ecommendations  
for Clinic a l Te acher s

Clinical teachers can use several strategies to pro-
mote the development of strong diagnostic rea-
soning skills. The recommendations that follow 
are drawn from research on how doctors rea-
son.1‑4,6,8,9,11-15,17,18 Although experienced clinical 
teachers will recognize the validity of some of 
these recommendations, many of the ideas still 
need empirical testing in the clinical teaching  
environment.

Experience with patients is essential for es-
tablishing new connections in memory between 
learned material and clinical presentations, for 
developing illness scripts, and for developing the 
ability to reason flexibly with the use of analytic 
reasoning and pattern recognition.3 As learners 
listen to patients’ stories, learn to transform these 
stories into case presentations, develop their own 
illness scripts, and learn to reason about clinical 
information, teachers can use case-specific in-
structional strategies to help learners strengthen 
their skills (Table 1).

Articulating Problem Representations

Failure to generate an appropriate problem repre-
sentation can result in the random generation of 
hypotheses that are based on isolated findings in 
the case. When the case presentation or discussion 
is disorganized, the clinical teacher can prompt the 
learner to create a one-sentence summary of the 
case with the use of abstract terms.9 However, 
teaching learners to articulate problem represen-
tations as an isolated teaching strategy is insuffi-
cient.9 Rather, problem representation must be 
connected to the type of clinical problem — a con-
nection that facilitates the learner’s retrieval of per-
tinent information from memory.

In the teaching environment, several learners 
with different levels of expertise may be involved 
in the same case, and eliciting the learners’ vari-
ous problem representations will help the clini-
cal teacher to understand their different perspec-
tives and learning needs. In complex, ill-defined 
clinical cases, more than one problem represen-
tation may need to be considered. The discussion 
of the different problem representations will help 
novice learners to appreciate the complexity of  
the case as well as their own early, limited  
understanding.

Teachers should articulate their own problem 
representations to demonstrate the type of abstract 
summary they seek from learners. Teachers can 
then reason aloud, linking the summary statement 
to their own illness scripts and highlighting the 
discriminating features clinicians seek in the his-
tory and physical examination for the consider-
ation of appropriate diagnostic possibilities.17

The responsibility for patients who need more or less 
specialized care may be transitioned from one clini-
cian to another. These transitions are common in the 
modern health care system. When transitions inter-
rupt the natural feedback loop on the iterative clinical 
reasoning process, the opportunity to learn from 
practice may be lost. Follow-up and feedback may 
play a role in minimizing diagnostic errors. Some 
evidence indicates that physicians are motivated to 
follow up to learn the outcome in the subsequent rea-
soning process. In fact, follow-up has been described 
as part of expert diagnostic practice. 
Teachers should encourage learners to keep track of 
and follow-up on patients’ outcomes as an important 
learning strategy to improve clinical diagnostic 
reasoning. 

Viewed in retrospect, the recommendations for clinical 
teaching described in the original article are especially 
noteworthy for the integrated focus on knowledge  
acquisition and the cognitive process of reasoning 
during deliberate practice. Which of these elements is 
most critical for learners for the development of effec-
tive clinical reasoning remains an ongoing debate. 
The clinical teaching recommendations highlight the 
development of robust, accurate illness scripts, which 
is the core principle of clinical reasoning teaching and 
learning. Because developing illness scripts for every 
disease is impossible, teachers should emphasize that 
learners should focus on the development of robust, 
accurate illness scripts for typical presentations of 
common and can’t-miss diagnoses in their fields of 
interest. Through experience, learners will revise these 
scripts throughout their training. 
Researchers have built on the approach of describing 
learners’ patterns of behaviors during clinical rea
soning as described in Table 1. These approaches 

support targeted skills development for learners strug-
gling with diagnostic reasoning.

https://pubmed.ncbi.nlm.nih.gov/18440354/
https://pubmed.ncbi.nlm.nih.gov/29065023/
https://pubmed.ncbi.nlm.nih.gov/22914510/
https://pubmed.ncbi.nlm.nih.gov/29383741/
https://pubmed.ncbi.nlm.nih.gov/29383741/
https://onlinelibrary.wiley.com/doi/10.1111/medu.12775
https://pubmed.ncbi.nlm.nih.gov/18778378/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4857488/
https://www.tandfonline.com/doi/full/10.3109/0142159X.2012.733041
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Strategies for Comparing and Contrasting

Novice learners often generate numerous possible 
diagnoses for any given case. To prioritize such a 
lengthy list, they should be encouraged to com-
pare and contrast possible diagnoses on the basis 
of the relationship among the actual clinical data 
on the case, typical presentations for each diagnos-
tic possibility, and the relative probabilities of dif-
ferent diagnoses.17,18 Forcing learners to prioritize 
the list of diagnostic possibilities and explain 
their justifications helps them to create linkages 
between the clinical findings in the case and rel-
evant diagnoses, bolstering their ability to de-
velop pertinent illness scripts.

The development of elaborate illness scripts 
and pattern recognition involves knowledge of 
the typical presentation of a problem as well as 
the many atypical presentations or variations on 
the typical one. It is important for novice learners 
to begin by creating in memory an anchor proto-
type of the typical presentation, rather than giving 
equal consideration to a number of undifferenti-
ated possibilities.17,19 Early in their training, medi-
cal students should be assigned to evaluate pa-
tients with common problems — ideally, problems 
for which there are prototypical presentations. 
After the features of the prototype have been so-
lidified in memory, additional clinical exposure to 
similar problems can offer a basis for comparison 
with the prototypical case, providing learners with 
an appreciation of atypical or subtle findings.18,19

Varying Expectations According to 
Developmental Level

The teacher’s expectation of evidence of strong rea-
soning should vary according to the stage of train-
ing of the learner, but the learner’s developmental 
level is often related more to the extent of clinical 
experience with the case at hand than to the year 
of training. 

First-year residents, for example, may have 
clinical reasoning skills that are as advanced as 
those of senior residents when it comes to com-
mon clinical problems that they saw frequently 
as medical students.20 Thus, although the stage of 
training is somewhat helpful to the teacher in de-
termining expectations of and roles for learners, 
specific questioning strategies are necessary to 
probe the understanding and elicit the uncertain-
ties of learners at any level.15 Several different strat-
egies can be used, but open-ended questions are 
especially useful for assessing the learner’s clini-
cal reasoning ability.21,22 Using this or other simi-
lar frameworks, clinical teachers can evaluate a 
learner’s performance on the basis of the expected 
performance at different developmental levels.

Providing Cognitive Feedback

The clinical teacher should provide the learner with 
specific cognitive feedback. 

A recent emphasis has been on teaching learners  sys-
tematic approaches to diagnosing problems (e.g., ap-
proach to diagnosing dyspnea). Further study of these 
systematic approaches is required to determine their 
efficacy in improving diagnostic accuracy and reduc-
ing diagnostic error.

Illness script knowledge should include a general sense 
of the following: 
1.	 �the base rates of diseases (e.g., in adult patients pre-

senting with dyspnea, the most common causes 
include asthma, chronic obstructive pulmonary 
disease [COPD], pneumonia, and heart failure) 

2.	 �the value of clinical findings (e.g., d-dimer is useful 
for ruling out pulmonary embolism [PE] in a pa-
tient with a low probability of disease, but not 
helpful in ruling out PE in other patients) 

Teaching basic principles of Bayesian reasoning can 
inform the traditional intuitive and analytic diagnostic 
reasoning that most clinicians use. Emerging tools in-
struct the explicit use of “Bayesian illness scripts” dur-
ing deliberate practice. Further study is required to 
determine the efficacy of such tools in improving clin-
ical reasoning. 

For effective teaching, meeting learners where they 
are, or applying specific techniques that target the 
learner’s level of clinical experience, is essential.

A qualitative study that examined clinician-educators 
during medicine rounds identified the following four 
strategies for cultivating clinical reasoning: 
•	 emphasizing organization and prioritization 
•	 accessing prior knowledge
•	 thinking aloud 
•	 analyzing the literature

https://www.sgim.org/web-only/clinical-reasoning-exercises#
https://accessmedicine.mhmedical.com/book.aspx?bookID=2715
https://accessmedicine.mhmedical.com/book.aspx?bookID=2715
https://www.nejmgroup.org/featured/nejm-healer/
https://pubmed.ncbi.nlm.nih.gov/21711217/
https://www.amjmed.com/article/S0002-9343(17)30394-7/fulltext
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cannot be overstated.
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cal encounters, learners could supplement experiences 
with clinical problem-solving exercises provided in 
many journals, applications, and podcasts, focusing 
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