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Uncertainty is ubiquitous in medical practice yet is often 
viewed as a regrettable phenomenon to be tolerated or eradicated.1 To 
prepare trainees for practice, teachers need to reframe uncertainty as a 

central feature of how clinical problems are understood and managed.
Clinicians may go to great lengths to reduce uncertainty, often perceiving it as 

a threat or source of stress. Multiple cultural forces in medicine reinforce this 
tendency. Physicians receive extensive training in the biomedical sciences, which 
are grounded in fixed characterizations and clear classifications.2 Early medical 
training comprises case-based discussions and standardized tests that use logical 
causal pathways to arrive at singular correct answers.3 Clinical training and prac-
tice perpetuate this orientation, with peers, teachers, and patients often reacting 
negatively to uncertainty or equating it with incompetence.1,3-5 Structural elements in 
the workplace, such as the electronic medical record and billing platforms, require 
unambiguous characterizations of illnesses or treatments, even when clinical prob-
lems remain ill-defined.

An aversion to uncertainty can induce subconscious efforts to hide, suppress, 
or minimize it during daily clinical work. Yet uncertainty cannot be eradicated 
from clinical practice, even as its frontier shifts with advances in technology and 
treatments.6-9 This unyielding reality requires teachers to frame uncertainty not as 
an undesirable by-product of clinical reasoning but rather as a central feature of it.

This review focuses on the ways in which clinicians recognize and manage in-
the-moment experiences of uncertainty in practice and provides practical strategies 
that teachers can use to help trainees build confidence in managing uncertainty.

E x per iences of Uncerta in t y

Much has been written about uncertainty, from the philosophical underpinnings 
of knowledge to the inherent variability of biologic systems.2,8 Multiple related 
terms have been used to describe uncertainty, often with conflicting or overlap-
ping definitions (Table 1).2,8,10,15,16

Trainees may have a broad range of uncertainties pertaining to their roles and 
responsibilities, how they are perceived by colleagues and supervisors, or their 
emerging identities as physicians.8,17,18 These uncertainties are beyond the scope of 
this review. We focus on clinical uncertainty, which characterizes instances in 
practice when clinicians perceive that they have an incomplete understanding of 
how to care for a patient16 and may ask themselves, ì What is going on?î  or ì What 
should I do?î 19 Somatic, emotional, or behavioral cues (e.g., a gut feeling that 
something is awry or a concern that they are missing something)19-22 may help 
clinicians to recognize uncertainty.
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A hypothetical case illustrates a range of un-
certainties that a first-year resident may have 
while evaluating a patient presenting at an out-
patient clinic with shortness of breath (see the 
interactive graphic). The resident may question 
whether he actually detected distended neck veins 
or which initial treatments to select. He may be 
uncertain about what resources will be needed if 
the patient' s clinical status suddenly worsens or 
where he can find help. In considering these 
possibilities, the resident may also wonder wheth-
er his discomfort is an expected part of encoun-
tering unfamiliar problems during training or 
whether these reactions signal concerns that will 
be shared by his supervisor.23

There is an extensive body of literature on how 
doctors think through clinical problems.24-26 These 
insights allow teachers to draw on ideas about 
knowledge structures (e.g., illness scripts and diag-
nostic schemas),27 modes of thinking (e.g., intui-
tive or analytical reasoning),24 cognitive tenden-
cies (e.g., heuristics and biases),28,29 and statistical 
characterizations of tests and treatments (e.g., 
evidence-based medicine).30 These concepts help 
trainees and their teachers chart the cognitive path 
from presentation to diagnosis and treatment.

Yet as the case in the interactive graphic shows,
a different set of skills is required to help trainees 
manage the moments along this pathway where 
uncertainty is manifested. To move through uncer-
tainty, clinicians use cues from themselves, their 
patients, and the environment to monitor their 
progress and shift their approaches in real time.11

Effective teaching conveys that uncertainty is not 
to be avoided but rather is a reality of practice that 
can be identified and managed. In guiding train-

ees through these situations, teachers can empha-
size how experiences with clinical uncertainty 
signal opportunities for learning.31

It is important for clinical teachers to note 
that trainees'  perspectives on clinical uncertainty 
are different from their own, even when caring 
for the same patient. These differences stem from 
trainees'  developing knowledge or skills, lack of 
familiarity with the equipment or interprofes-
sional team structures around them, or limited 
experience with similar situations in practice.8
Trainees may lack confidence in their abilities to 
gather data from the physical examination or 
make judgments about ill-defined situations, even 
when their approaches align with those of their 
supervisors.23 Clinical teachers serve a critical role 
in pointing out and naming trainees'  uncertain-
ties and in showing them how to proceed safely 
even when their understanding of a clinical situ-
ation is incomplete.

Uncerta int y as a Tr a it or S tate

Case presentations are often the first opportu-
nity for teachers to probe trainees'  understand-
ing of clinical problems and their capacity to 
manage uncertainty. As the resident in the ex-
ample presents his patient with shortness of 
breath, the teacher might note that the resident 
has reservations about his proposed diagnosis or 
expresses concern (e.g., using the word ì worriedî ) 
when discussing a plan. The teacher might won-
der whether the trainee is ill-suited to managing 
the uncertainties of clinical practice or is simply 
having a developmentally appropriate reaction to 
an unfamiliar situation.

An interactive 
graphic is 
available at 
NEJM.org

Key Points

Educational Strategies to Prepare Trainees for Clinical Uncertainty
ï Uncertainty is ubiquitous in medical practice. If there was no uncertainty, society would not need 

physicians to render judgments.
ï Managing clinical uncertainty is a foundational skill for a physician and is central to effective clinical 

reasoning.
ï Clinicians recognize uncertainty through a range of cues and navigate these experiences by using cyclic 

processes of forward planning and monitoring.
ï Teachers can equip trainees to manage uncertainty by encouraging discussions about potential sources of 

uncertainty (diagnosis, treatment, or prognosis) and types of uncertainty (epistemic [for which additional 
information might reframe or reduce uncertainty] or aleatoric [for which outcomes are inherently 
variable]). This characterization can help trainees understand, manage, and communicate uncertainty.

ï Teachers should reframe uncertainty as a signal that there are opportunities for learning.
ï Technology will not resolve uncertainty; it just shifts the locus of uncertainty.
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The literature offers two general vantage points 
on how clinicians encounter and manage uncer-
tainty. The first perspective treats physicians'  
capacity to handle uncertainty as a stable person-

ality trait across a range of experiences. Several 
scales have been used to measure the reactions 
of physicians to hypothetical experiences of 
uncertainty,20,32 creating a profile of ì uncertainty 
toleranceî  on the basis of statements such as 
ì uncertainty in patient care makes me uneasyî  
or ì I am quite comfortable with the uncertainty 
in patient care.î 33 Lower uncertainty tolerance 
on these scales has been associated with higher 
rates of burnout, lower career satisfaction, and 
specialty choice.34-36

A second perspective on uncertainty is that it 
emerges in the moment (as a state), which re-
flects the idiosyncratic ways that knowledge and 
skills intersect with clinical problems in con-
text.11 This idea arises from the literature of self-
regulation, which describes how people use cues 
from themselves and the world to recognize un-
certainty and make judgments about their capac-
ity to handle these situations (Fig. 1).37 Surgeons 
are able to recognize moments when they slow 
down as a subconscious reaction to operative un-
certainty (e.g., on encountering an adherent tu-
mor) and often notice this behavior even before 
they are able to articulate their specific concerns.22

In recognizing such moments of uncertainty, ex-

Table 1. Working Definitions of Uncertainty and Related Terms.

Term Definition

Uncertainty A sense of being unsure or having doubt; risk (often 
incalculable), ambiguity, and complexity con-
tribute to this feeling

Clinical uncertainty Incomplete confidence in oneí s understanding 
of a clinical situation, often accompanied by 
such thoughts as ì what is going on?î  or ì what 
should I do?î 10-13

Probability The likelihood of a future event

Risk The possibility or probability of harm, loss, or a 
negative outcome

Ambiguity Missing, imprecise, or conflicting information that 
is needed for decision making, or information 
that can be interpreted in two or more distinct 
ways (e.g., whether an infiltrate is present on 
a chest x-ray)14

Complexity Multiple components of a situation that interact 
in diverse ways, which can lead to unpredict-
able outcomes, or patterns that are difficult 
to understand

Figure 1. A Conceptual Model of How Clinicians Manage Clinical Uncertainty.

Clinicians recognize uncertainty through a range of cognitive, somatic, emotional, and behavioral cues and manage 
these experiences over time through cyclic processes of forward planning and monitoring, which can, in turn, reveal 
new uncertainties. These processes are highly dynamic and are shaped by evolving clinical findings and contexts.

?
Recognizing

Clinical Uncertainty
Forward Planning Monitoring

Cognitive Cues
ï  I am unsure what is 
  going on or what to do

Self
ï  How have my hypotheses evolved?
ï  Am I comfortable managing this 
  situation?

Patient

ï  What findings have changed?
ï  Does the patient understand 
   the treatment plan?

Situation

ï  What do others seem to 
   be worried about?
ï  Do I have the right resources?

ï  What might happen as
   this problem evolves?

ï  What are the 
   potential risks?

ï  Who should I call
   if things get worse?

Somatic Cues
ï  I have a ì pitî  in 
  my stomach

Emotional Cues
ï  Something does 
   not feel right here

Behavioral Cues
ï  I notice that I am 
  slowing down
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perts devote more mental effort to the situation, 
minimize distractions, and approach the task with 
heightened vigilance to maximize patient safety.21

A trainee' s response to uncertainty can be char-
acterized as both a trait and a state, and teachers 
are in a position to influence both dimensions. As 
shown in the interactive graphic, the teacher may 
call attention to the trainee' s words (ì I heard 
you say ë worried' î ) and highlight how emotional 
reactions can signal a sense of uncertainty that 
is specific to the situation. Repeated discussions 
about uncertainty coupled with management strat-
egies will help trainees build confidence to tackle 
uncertainty across a wide range of problems and 
situations.

In the case example, the teacher' s early con-
cern about the trainee' s general capability to man-
age uncertainty (trait) may have been premature. 
Instead, the teacher could have recognized that 
there was a misalignment between the trainee' s 
abilities and the demands of the situation (state). 
The teacher' s ability to encourage the trainee to 
lean into and learn from uncertainty will en-
hance the trainee' s ability to manage it in that 
moment and also instill generalizable lessons for 
future experiences of clinical uncertainty.

How E x per ienced Clinici a ns 
M a nage Uncerta in t y

Teachers can model how they manage uncer-
tainty. After evaluating the patient with short-
ness of breath, the teacher might raise concerns 
pertaining to the range of possibilities that she 
is thinking about, such as whether expedited 
imaging is needed to rule out a pulmonary em-
bolism or whether the patient needs to go to the 
emergency department for bronchodilator treat-
ments. Alternatively, the teacher might articulate 
how specific aspects of the situation reassure 
her that the patient' s problem can be managed 
on an outpatient basis, even while she remains 
uncertain about what might happen.

Two concepts described in studies of practic-
ing clinicians can serve as examples of how 
teachers can explain their approach to uncer-
tainty for trainees. First, experienced clinicians 
use forward planning to simulate how a problem 
might evolve, drawing on their knowledge and 
past experiences to forecast what could happen, 
think through contingencies, and put safety plans 
in place.11,22,38 In building an outpatient plan to 

manage the patient' s shortness of breath, for 
example, the teacher might describe how she 
thinks through whether diagnostic tests are fea-
sible in the patient' s social context, warning signs 
they can educate the patient and family about, 
and follow-up plans, such as a telephone call the 
next day to ensure that their management ap-
proaches remain on track.

Experienced clinicians also manage uncer-
tainty through monitoring. Although this term 
is typically equated with the ways that clini-
cians watch the evolving clinical picture and the 
patient' s response to therapy, a more expansive 
definition of monitoring encompasses how ex-
perienced clinicians pay attention to a broader 
range of cues ó  from patients, from their own 
reactions, and from their environment ó  to 
continually revisit their ideas about what is go-
ing on and how they might handle a situa-
tion.11,21,39 For example, in the acute care setting, 
the teacher could share what she is noticing in 
herself (an internal state of calm or worry) or 
what she is noticing in others (the respiratory 
therapist hovering in the doorway) and how she 
is integrating these signals into her overall level 
of comfort with the situation.11,21,40 The teacher 
may share with the trainee how the reassurance 
of the nurse, the stability of the oxygen satura-
tion during the encounter, and the ability of the 
patient' s spouse to check in through telehealth 
services the next day allow them to comfortably 
manage an uncertain situation in which the short-
term prognosis is clearer than the long-term 
diagnosis.

By modeling the cyclical processes of forward 
planning and monitoring (Fig. 1), teachers can 
elaborate how they pay attention to evolving 
clinical problems and prepare for potential risks 
as diagnostic and management processes unfold 
over time. In the interactive graphic, the teacher 
can talk through her forward planning for the 
patient with shortness of breath, imagining how 
things could go wrong in the future and asking 
what can be done now to reduce or prepare for 
those possibilities.41,42 She might envision a sce-
nario in which the patient did not understand 
how to use newly prescribed inhalers and there-
fore needed to go to the emergency department. 
To avoid this scenario, the teacher could encour-
age the resident to make an extra effort to in-
struct the patient on the proper technique for 
using the inhaler, emphasize teach-back commu-
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nication to gauge the patient' s level of under-
standing,43 and schedule a check-in video call 
with the patient the following day to assess the 
patient' s dyspnea and inhaler technique.

R ecommendations for Te acher s

Teachers can use multiple strategies to normal-
ize uncertainty as the inherent state of medical 
practice and a core aspect of clinical reasoning.44

Several of these strategies can be integrated into 
clinical settings (Table 2), and others can be used 
in classroom-based or simulation-based teaching. 
Many of these recommendations are grounded 
in the psychology and education literatures but 
require empirical validation. Although there is 
no prescriptive arc to teaching about uncer-
tainty, it often involves recognition, appraisal, 
management, and reflection.45

Narrating Uncertainty
Thinking out loud about a clinical problem en-
ables teachers to narrate the ways in which un-
certainty is challenging. They may share senti-
ments such as ì I' m not sure of the diagnosisî  or 
ì Something does not feel right here,î 46,47 and de-
scribe how they use these reactions for planning 
and monitoring. Such routine disclosures can 
normalize uncertainty and enhance the culture of 
the clinical learning environment so that trainees 
can say, ì I don' t knowî  and share their concerns 
freely, with the expectation that their teachers 
will do the same.48 An ì uncertainty check,î  in 
which teachers ask trainees how confident they 
are about the diagnosis or plan, is an easy method 
for revealing clinical uncertainty and prompting 
a discussion.

Articulation of ì ifÖ thenî  plans is an effec-
tive way of highlighting the aspects of cases that 
trainees should pay the most attention to and 
stopping points at which they should seek as-
sistance.19 For instance, a hospitalist may point 
out, ì Although fevers during the first 1 or 2 days 
of intravenous antibiotics for pyelonephritis are 
typical, I' m less comfortable with fevers at the 
72-hour mark ó  that' s when I would order a CT 
scan to rule out nephrolithiasis or renal abscess.î

Framing Uncertainty
Because uncertainty emerges at every point along 
the continuum of care and often operates subcon-
sciously as ì a sense of unease,î 21,46 it can be helpful 

to frame its location and source. After a trainee 
articulates uncertainty or the teacher detects it 
in the trainee' s language or behavior, the teach-
er can guide the trainee to reflect on whether 
the uncertainty pertains to the diagnosis, treat-
ment, prognosis, or workplace dynamics. The 
teacher can further probe the origins of trainees'  
uncertainties by asking them to consider wheth-
er the issue is one of limited knowledge or in-
formation that can be addressed (epistemic un-
certainty) or whether the issue reflects irreducible 
randomness in biomedical and health systems 
(aleatoric uncertainty).49

Framing can provide structure to the conver-
sation between teachers and trainees. It may be 
useful for teachers to classify clinical uncertainty 
as epistemic (e.g., ì Is there evidence to support 
the safety of beta-blockers in a patient with cocaine 
ingestion?î ) or aleatoric (e.g., ì Could the patient 
have an adverse drug reaction?î ). Although this 
distinction may prove difficult to establish in 
complex situations, efforts to categorize a range 
of uncertainties can prompt trainees to map out 
their next steps, which might include gauging 
the probability of an event or thinking through 
contingencies for less predictable or worst-case 
scenarios. This framing can help teachers decide 
whether they should resolve uncertainty for train-
ees directly (by imparting information or sharing 
past experiences) or leave this work for trainees 
to explore and figure out on their own (e.g., by 
using online resources or asking others for in-
put).48 With practice, trainees will develop a rep-
ertoire of strategies (e.g., monitoring patients'  
responses to treatment in order to navigate alea-
toric uncertainty) and build confidence in sepa-
rating uncertainty that is a natural consequence 
of learning from the unresolvable uncertainties 
of clinical practice.23

Simulating Uncertainty
One way to prepare trainees for uncertainty is to 
reimagine how we simulate practice outside clin-
ical settings. Case-based conferences and simu-
lations are often structured to be linear, logical, 
and solvable in order to convey the foundational 
knowledge of diagnosis and management.50 At 
more advanced training levels, teachers can shift 
case conferences toward scenarios with a range of 
reasonable options and multiple irresolvable di-
lemmas.51 For instance, a case of acute mono-
arthritis with findings that are compatible with 
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both crystalline and infectious arthritis would 
prompt learners to navigate aspects of manage-
ment without the benefit of a definitive diagnosis. 
In case formats that involve uncertainty,52 dis-
cussion would be directed toward how trainees 
define and navigate these dilemmas in real time, 
such as the nondefinitive nature of cell-count 
thresholds in synovial fluid, unease associated 
with engaging a consultant overnight, or concern 
about whether a patient can afford the prescribed 
treatment.

Clinical experiences can also be simulated 
with the use of high-fidelity manikins or interac-
tive online cases that recreate the kinds of uncer-
tainties that clinicians wrestle with in practice. In 
working through scenarios with a broad range 
of uncertainties, teachers can invite trainees to 
freeze time and discuss the cues they are notic-
ing in themselves and others, describe their evolv-
ing understanding of the situation, and discuss a 
range of management approaches.53 Simulating 
authentic experiences requires deliberately select-
ing cases in which solutions to diagnostic or 
management challenges remain unclear, even to 
the teacher. One such case might prompt train-
ees to consider how to safely manage cervical 
spine immobilization without intravenous access 
in an agitated patient who cannot lie flat for 
imaging.54

For each of these situations in which trainees 
grapple with ill-defined problems, the role of the 
teacher is different from that in the typical case 
conference or simulation. Rather than providing 
answers to known problems (e.g., ì This patient 
had an aortic dissection, the management of 
which consists ofÖ î ), teachers narrate their ap-
proaches as teaching tools (e.g., ì I have had tough 
cases like this, and these are a couple of strate-
gies that helped as I struggled to untangle what 
was going onî ). Such dialogue between trainees 
and teachers can highlight different reactions 
to uncertainty and show how teachers integrate 
these cues into forward planning and monitor-
ing (e.g., ì It made me nervous when I saw his 
oxygen saturation drop, and I started thinking 
about where to find the intubation equipmentî ). 
Teachers can also share stories of past experi-
ences that portray how their efforts to enact safe 
management steps are tentatively informed by 
what has worked for them previously (e.g., ì I typi-

cally try a fluid bolus, but we will see whether 
that works hereî ).

Communicating Uncertainty
Structured communication tools can enhance 
how trainees communicate their uncertainty to 
supervisors, colleagues, and patients. Case pre-
sentation models that embed steps for students 
to ask questions (e.g., ì I am wondering why the 
patient still has a coughî ) give them opportuni-
ties to query supervisors about points of uncer-
tainty.55,56 The use of handoff tools during tran-
sitions of care can prompt clinicians to share 
their degree of diagnostic uncertainty with peers 
(some uncertainty, marked uncertainty, or a high 
degree of uncertainty).57 Multiple resources are 
available to teach trainees how to communicate 
uncertainty to patients,58,59 including learning how 
to describe it and how to assess a patient' s 
comfort with such messages.60,61 For example, a 
vignette study showed that families preferred 
communication of diagnostic uncertainty that 
included differential diagnoses (ì The pain is 
most likely caused by an ankle sprain, although 
gout is a possibilityî ) over more general expres-
sions of uncertainty (ì I' m not sure what is caus-
ing the painî ).4

Conclusions

Uncertainty is ubiquitous in clinical practice, and 
learning how to manage it is essential for clini-
cians in training. The concepts and techniques 
described in this article are intended to help 
teachers foster an educational culture in which 
uncertainty is spotlighted, managed strategically, 
and embraced as an inherent and rewarding as-
pect of medical practice.
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