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Abstract
Learning to take safe and effective action in complex settings rife with uncertainty is essen-
tial for patient safety and quality care. Doing so is not easy for trainees, as they often con-
sider certainty to be a necessary precursor for action and subsequently struggle in these set-
tings. Understanding how skillful clinicians work comfortably when uncertain, therefore, 
offers an important opportunity to facilitate trainees’ clinical reasoning development. This 
critical review aims to define and elaborate the concept of ‘comfort with uncertainty’ in 
clinical settings by juxtaposing a variety of frameworks and theories in ways that gener-
ate more deliberate ways of thinking about, and researching, this phenomenon. We used 
Google Scholar to identify theoretical concepts and findings relevant to the topics of 
‘uncertainty,’ ‘ambiguity,’ ‘comfort,’ and ‘confidence,’ and then used preliminary findings 
to pursue parallel searches within the social cognition, cognition, sociology, sociocultural, 
philosophy of medicine, and medical education literatures. We treat uncertainty as repre-
senting the lived experience of individuals, reflecting the lack of confidence one feels that 
he/she has an incomplete mental representation of a particular problem. Comfort, in con-
trast, references confidence in one’s capabilities to act (or not act) in a safe and effective 
manner given the situation. Clinicians’ ‘comfort with uncertainty’ is informed by a variety 
of perceptual, emotional, and situational cues, and is enabled through a combination of 
self-monitoring and forward planning. Potential implications of using ‘comfort with uncer-
tainty’ as a framework for educational and research programs are explored.

Keywords Uncertainty · Ambiguity · Comfort · Clinical reasoning · Complexity · 
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Authentic clinical reasoning requires practitioners to collect and interpret imperfect data in 
real time. Learning how to take safe and effective action in these complex and ambiguous 
settings is essential for patient safety and high-quality care (Fargason et al. 1997; Hartmann 

These findings were reported at the 2018 Annual Meeting of the Society of Directors of Research in 
Medical Education (SDRME) in Louisville, KY.

 * Jonathan S. Ilgen 
 ilgen@uw.edu

Extended author information available on the last page of the article

http://orcid.org/0000-0003-4590-6570
http://orcid.org/0000-0002-8672-2500
http://orcid.org/0000-0001-5178-0287
http://orcid.org/0000-0003-2383-4633
http://orcid.org/0000-0002-3144-331X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10459-018-9859-5&domain=pdf


798 J. S. Ilgen et al.

1 3

1998; Luther and Crandall 2011; Simpkin and Schwartzstein 2016). Thus, health profes-
sions educators often express concerns that students struggle with ambiguity and uncer-
tainty (Fargason et  al. 1997; Luther and Crandall 2011; White and Williams 2017), and 
instead strive to impose certainty on inherently ambiguous situations (Geller 2013; Lingard 
et al. 2003; Simpkin and Schwartzstein 2016). As a result, there are ongoing calls to help 
learners develop “positive” responses to uncertainty and ambiguity (White and Williams 
2017).

To act with confidence while simultaneously remaining uncertain is a paradox that 
epitomizes expert practice. Thus, understanding how skillful clinicians are able to 
enact this paradox could offer an important first step toward providing educators with 
the guidance they need to support trainees’ development of clinical reasoning. In par-
ticular, there is little in the medical education literature regarding how physicians man-
age uncertainty arising from complex, ill-defined problems where “there are conflicting 
assumptions, evidence, and opinion which may lead to different solutions” (Kitchener 
1983, p. 223). Cristancho has argued that these ill-defined problems are characterized 
by the need for clinicians to continuously reconstruct and redefine their understanding 
of the problem, even as they are trying to solve it (Cristancho et al. 2017). Yet the pro-
cesses and mechanisms that enable clinicians to maintain a sense of comfort (or not) 
when continuing along in these moments of uncertainty in ill-defined problems remains 
largely unexplored. Thus the question is: how do clinicians become sufficiently com-
fortable dwelling in these “swampy lowlands of indeterminate practice” (Schön 1983, 
p. 42), remaining confident that their continued efforts will result in greater diagnostic 
clarity or resolve their patients’ problems altogether?

The purpose of this critical review, therefore, is to explore what it means to be ‘com-
fortable’ when working in ill-defined clinical situations while feeling ‘uncertain.’ We 
will elaborate the concept of ‘comfort with uncertainty’ using a variety of frameworks 
and theories, examining what is meant by ‘uncertainty’ and ‘ambiguity,’ and what it 
means to feel ‘comfortable’ in these situations. We will then illustrate how the con-
cept of ‘comfort with uncertainty’ manifests in clinical medicine, provide an analysis 
of potential mechanisms that might facilitate a feeling of comfort in the face of uncer-
tainty, and conclude with implications of this analysis for medical education practice 
and future research.

Method

To explore this problem space, we conducted a critical synthesis of relevant litera-
ture and theoretical frameworks. Although comprehensiveness is not the goal in criti-
cal synthesis (Grant and Booth 2009), we nonetheless sought empiric and theoretical 
work beyond our a priori knowledge by methodologically searching published literature. 
We first used Google Scholar to identify theoretical concepts and findings relevant to 
the topics of ‘uncertainty,’ ‘ambiguity,’ ‘comfort,’ and ‘confidence.’ We then used the 
search terms identified through this process to pursue parallel searches within the fields 
of social cognition, cognition, sociology, sociocultural, philosophy of medicine, and 
medical education, utilizing the following databases: Academic Search Premier, Bio-
medical Reference Collection: Comprehensive, CINAHL, Dissertation abstracts, ERIC, 
MEDLINE, PsycINFO, SocINDEX and Web of Science.
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Results

Defining comfort with uncertainty

In exploring the phrase ‘comfort with uncertainty,’ we found a lack of specificity in how 
the terms ‘uncertainty’ and ‘comfort’ are used in published literature. Thus, in this section 
we will discuss and clarify each of these terms individually, and then propose an opera-
tional definition of what clinicians mean when they say ‘comfort with uncertainty.’

The term ‘uncertainty,’ as applied to ill-defined problems in medicine, is frequently 
used in ways that do not sufficiently distinguish between the properties of the situation 
and the ‘lived experience’1 of the individual (Atkinson 1984; Babrow et al. 1998; Djulbe-
govic et al. 2011; Fox 1957; Lazarus 1991; Lazarus and Folkman 1984; Light 1979; Lip-
shitz and Strauss 1997; Mishel 1988, 1990; Schraw et al. 1995; Schwartz and Griffin 1986; 
Simpkin and Schwartzstein 2016; Simpson et al. 1986). In fact, the term ‘uncertainty’ is 
often used interchangeably with the term ‘ambiguity’ (Geller 2013; White and Williams 
2017). To draw this important distinction between the situation and the lived experience 
more explicitly, we propose using ‘ambiguity’ to represent the properties of the situation 
and ‘uncertainty’ to represent the lived experience of an individual. Thus, we will consider 
some thing, be it an image, a sound, or a constellation of clinical findings, to be inherently 
ambiguous if it can be interpreted in two or more distinct ways by different individuals, 
or by the same individual at different moments in time (Dogra et al. 2007; Levine 1985; 
Rensink et al. 1997; Simons and Chabris 1999). For example, a heart sound that might or 
might not indicate a murmur is ‘ambiguous.’ In contrast, we will preserve the term ‘cer-
tainty’ to reference the lived experience of the individual, describing the extent to which 
one feels confident in one’s representation of the underlying cause of a particular problem 
or situation (e.g., the pathology causing a patient’s illness). Certainty is expressed when-
ever a clinician says things like “this patient’s symptoms are from granulomatosis with 
polyangiitis” or “this patient’s otitis media will get better without antibiotics.” In contrast, 
‘uncertainty’ represents a state of tentativeness with regard to one’s conception of the 
underlying causes of a patient’s symptoms. This can arise from recognizing that a situation 
is ambiguous (Babrow et al. 1998; Lazarus and Folkman 1984), from perceived limitations 
in one’s own knowledge (Fox 1957), or from recognition that one has incomplete informa-
tion (Light 1979).

If ‘certainty’ represents one’s confidence in interpreting a clinical situation, ‘comfort’ 
references the confidence one feels in being capable of acting (or deciding to wait and 
watch) safely and effectively in a given situation (Barbalet 1993; Eva and Regehr 2005). 
Thus, for example, comfort is expressed when a clinician confidently chooses to write a 
prescription, enact a particular procedure, or withhold action while observing a patient. In 
each case, the individual is exhibiting a willingness to ‘manage a problem,’ at least through 
its most imminent stages. By contrast, ‘discomfort’ is likely to arise because one is con-
cerned that the demands of the situation outstrip one’s capacity to deal with it (LeBlanc 
2009; LeBlanc et al. 2015). This can occur, for example, because a clinician has not dealt 

1 The word “experience” is used in the English language to represent the process of personally observing, 
encountering, or undergoing something as well as the knowledge or practical wisdom gained from what one 
has observed, encountered, or undergone. For the purposes of clarifying these two meanings, we will use 
‘lived experience’ to describe experiences in the moment, and ‘accrued experience’ to represent the histori-
cal accumulation of such moments.
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with a particular problem before (or for a long period of time), or because a clinician feels 
that something needs to be done while simultaneously believing the appropriateness of a 
particular management plan is dependent on knowing the yet unknown root cause of the 
issue (Light 1979).

In short, for the purposes of this analysis, we will define ‘certainty’ as the confidence in 
one’s interpretation of a clinical situation and we will define ‘comfort’ as the confidence in 
one’s ability to act (or choose to continue monitoring the situation without direct action). 
Accordingly, ‘comfort with uncertainty,’ can be operationally defined as the phenomeno-
logical lived experience of having the confidence to act on a problem (or wait and observe) 
in the absence of full confidence in one’s understanding of the underlying cause of the 
issue. Parenthetically, we note that this also would allow us to acknowledge the state of 
being ‘certain but uncomfortable’ in which one perceives a clear understanding of the 
problem and realizes that one is not capable of managing it.

Circumstances that embody comfort with uncertainty

Having developed a definition of ‘comfort with uncertainty’ in the context of ill-defined 
problems, we next sought to use the literature to explore various manifestations of this 
construct in clinical practice. We identified two broad categories that could be considered 
manifestations of ‘comfort with uncertainty’ that are framed around the source of uncer-
tainty: uncertainty regarding the diagnosis and uncertainty regarding the treatment plan. 
Each is elaborated below, although we note that the current literature does not allow us to 
make claims regarding the prevalence, variety of manifestations, or degree of risk associ-
ated with either.

Letting go of the need to know

The first form of ‘comfort with uncertainty’ organizes around comfort with a manage-
ment plan in the face of uncertainty regarding the diagnosis. In some cases, this involves 
accepting the ongoing possibility of a less common or rare diagnosis that could only be 
excluded through expensive or risky diagnostic tests. Although these less likely diagnoses 
are theoretically possible, seriously considering them would likely take clinicians down 
paths that are neither feasible nor in patients’ best interests (Jha 2014). Skillful clinicians 
thus comfortably adopt the position of conscious inaction toward these rare diagnoses (Jha 
2014; Smith and Paauw 2000). They hone their management plans towards a more prob-
able and limited subset of diagnoses while remaining alert to changes (or lack thereof) in 
patients’ clinical status that would suggest the need to more seriously consider improbable 
diagnoses.

In other cases that involve ‘comfort with uncertainty’ regarding diagnosis, it is not nec-
essary to tease apart confusable diseases that manifest with similar symptoms because 
one can comfortably use symptom-focused management strategies that focus on ‘what 
will work’ without the need for diagnostic precision (Bordage and Lemieux 1991; Bowen 
2006). That is, clinicians can comfortably adopt a pragmatic treatment-oriented categoriza-
tion of illness, grouping a subset of possible diagnoses in ways that allow them to confi-
dently initiate empiric therapies that have a high probability of success while remaining 
uncertain about the actual diagnosis. In these situations, perfect certainty regarding diag-
nosis is not a goal because it is not necessary for action. Instead, clinicians monitor their 
patients’ progress to ensure they are indeed achieving the anticipated outcomes, and pivot 
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towards further evaluation or a change in management if the illness progression deviates 
from the anticipated path.

Feeling your way through a problem

A second form of ‘comfort with uncertainty’ takes place under circumstances of greater 
ambiguity, complexity, and acuity where definitive management strategies are less clear. 
In these situations where multiple conceptualizations of an illness remain possible (Cris-
tancho et al. 2017), multiple management approaches also remain reasonable. Clinicians’ 
‘comfort’ in these settings reflects feeling able to take a reasonable next step in manag-
ing the situation at hand despite not being certain that it will lead to the desired outcome. 
Indeed, clinicians might consciously remain uncertain, recognizing that their initial steps 
in management will likely provide additional data that will enhance their understanding of 
a situation.

When clinicians act in this way they are engaging in an exercise of “pragmatic empiri-
cism” (Atkinson 1984, p. 954), using symptom evolution and treatment responses as addi-
tional data to frame and reframe problems, and shifting management strategies based upon 
how a patient’s illness evolves under their care (Cristancho et al. 2013a, 2016). For exam-
ple, an emergency physician may preliminarily classify a patient as having “acute respira-
tory distress,” lacking certainty whether these symptoms are secondary to a diagnosis of 
congestive heart failure, pneumonia, or a number of other pulmonary pathologies. Clas-
sifying the situation as an ill-defined problem rather than a specific diagnosis provides an 
initial roadmap for immediate actions (e.g., pulse oximetry, cardiac monitoring) and helps 
to plan for future potentially-necessary actions (e.g., bringing intubation equipment to the 
bedside; Zilbert et  al. 2015a). It also provides a framework for tentative treatments, the 
response to which clinicians use to better understand a situation. For example, an effec-
tive dose of a diuretic may affirm a clinician’s hypothesis that her patient’s shortness of 
breath is from congestive heart failure. In contrast, a therapeutically-ineffective dose of this 
medication is unlikely to cause long-lasting harm and may help her to consider alternative 
diagnoses.

Engaging with this form of uncertainty is thus akin to walking down a familiar dark 
path: it involves the recognition that even if a problem definition remains elusive, it is a 
problem within one’s realm of expertise (Zilbert et al. 2015b). Skillful clinicians therefore 
assume the risks of engaging with these ill-defined problems, feeling comfortable that even 
if a multitude of potential problems, risks, and management paths remain possible, their 
skillset will enable them to manage these complexities safely and effectively in the absence 
of certainty.

Conditions and processes that facilitate comfort with uncertainty

Having identified several circumstances that embody comfort with uncertainty in the con-
text of ill-defined problems in clinical practice, we turn to the processes that might facili-
tate such comfort. To frame this discussion, Koriat’s dual-basis view of metacognitive 
judgments proved particularly generative. This model, developed to explain individuals’ 
judgments of their own learning (Koriat 1997), suggests that people use cues drawn from 
both their lived experience in the moment (e.g., their current subjective feelings that mani-
fest when engaging in a task) and their theories about the situation (e.g., their beliefs about 
how memory works based on assumptions built from the accrual of previous experiences) 



802 J. S. Ilgen et al.

1 3

to make a judgment about whether or not they have learned a set of materials. For Koriat, 
an “experience-based cue”2 might be the ease with which the material is read, with indi-
viduals interpreting their reading fluency in the moment of reading as mastery of the 
material (Koriat 1997; Koriat et al. 2005). A “theory-based cue” might be drawn from the 
belief that reading the material multiple times enables one to remember it, such that if one 
has read the material several times, one feels increased confidence that one must know it 
(Koriat et al. 2005). Our review of the literature around ‘comfort with uncertainty,’ sug-
gests that such experience-based and theory-based cues are likely to be similarly influential 
when making judgments about one’s comfort when facing uncertainty. We elaborate on 
these connections below.

Experience‑based cues that influence feelings of comfort with uncertainty

Experience-based cues come directly from an individual’s internal lived experience when 
engaging in a clinical reasoning situation in the moment. For example, as alluded to above, 
the cognitive psychology literature suggests that perceived fluency (i.e., how easily one is 
able to read and understand a text) is used as a cue for the extent to which one has mastered 
new material that one is trying to learn (Begg et al. 1989; Rawson and Dunlosky 2002). In 
a similar way, clinicians likely use the ease with which they are able to listen to and think 
about patients’ problems as cues for the extent to which they have mastery of the situation, 
drawing on perceptions that ‘this is going well’ and ‘this is what I expected to happen’ 
(Cristancho et al. 2017; de Bruin et al. 2017), even if they are as yet uncertain of the end 
game. A broad set of accrued experiences, the development of automaticity, and processes 
of encapsulation are likely important factors in determining this perception of fluency 
(Reber and Greifeneder 2017). With accrued experience, a range of plausible explanatory 
models, possible actions, and implications of these various possibilities are more likely to 
arise, in part explaining why seasoned clinicians are likely to feel more comfortable than 
novices in the face of uncertainty.

The identification of these experience-based cues is represented in the medical educa-
tion literature under the construct of monitoring. Moulton and colleagues, for example, 
have described a process of remaining “attentive in automaticity”(Moulton et al. 2010b), 
combining situational awareness with meta-cognition as a means to “remain aware of the 
whole situation, to monitor events as they occur, [and] to reflect on alternative possibilities 
should a decision need to be made” (Dunphy and Williamson 2004, p. 108). Similarly, Eva 
and Regehr have described a moment-by-moment self-monitoring process regarding one’s 
factual knowledge as a mechanism for “knowing when to look it up” (Eva and Regehr 
2007). This idea of monitoring and staying attentive in automaticity suggests that comfort 
does not imply a ‘lack of vigilance’ or a ‘relaxed state.’ Rather, comfort without vigilance 
is akin to automaticity without attention, and might be considered the management equiva-
lent of premature diagnostic closure (Croskerry 2003).

2 For Koriat, the term “experience-based cue” describes what we have been labeling as ‘lived experiences’ 
in the moment.
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Theory‑based cues that influence feelings of comfort with uncertainty

Theory-based cues are those that come from the deliberate application of metacogni-
tive beliefs (Koriat 1997). If, for example, clinicians feel comfortable acting in a state of 
uncertainty because they “have seen it all before,” or encourage a trainee to carry for-
ward because “there is nothing you can get into here that I cannot get you out of,” they are 
expressing a view that their accrued experience will enable them to derive an appropriate 
solution. Studies of experts in other fields suggest that they draw from accrued experiences 
to quickly surmise a situation (Chase and Simon 1973) and then attempt to make reason-
able predictions for how a situation is likely to evolve (de Bruin et al. 2017; Ericsson et al. 
2000; Ilgen and Brydges 2017; Koriat 1997). These predictions then contribute to experts 
feeling comfortable that they can manage whatever arises in a given situation. In short, the 
theory-based cue for ‘comfort’ is a belief that one has sufficient accrued experience with 
all of the reasonably probable scenarios, and the ability to control the situation in ways 
that will avoid instances where evolving situational needs will likely outstrip the resources 
available.

Clinicians engage in these forms of forward planning in moments of uncertainty 
by considering a range of management plans and potential outcomes that might result 
(Moulton et al. 2010c). In contrast to decision-making analyses, where ‘getting the diag-
nosis right’ is tantamount to high performance (Friedman et al. 2005), forward planning 
in moments of uncertainty arising from an ill-defined problem instead employs knowledge 
from accrued experiences with similar problems to predict various potential events that are 
sufficiently probable. The ability to anticipate, which tends to arise with expertise (Erics-
son et al. 2000), allows one to preemptively put resources such as technology or personnel 
in place (Novick et  al. 2015). These resources minimize the risk of reasonably probable 
events that would lead to situations that exceed a clinician’s abilities given their particular 
treatment context (LeBlanc et al. 2015; Zilbert et al. 2015a, b). Putting these resources in 
place, therefore, allows clinicians to move forward with comfort. Discomfort occurs, in 
contrast, when clinicians can imagine likely scenarios that they perceive to be outside of 
their knowledge or skills, or if the anticipated problems outstrip the available resources 
(LeBlanc et al. 2015). This sentiment may ultimately prompt clinicians to consider whether 
they ask for help (Jin et al. 2012; Novick et al. 2015), look for ways to further disambiguate 
a problem (Eva and Regehr 2007), or triage the problem to colleagues with different skill-
sets or resources (Zilbert et al. 2015b).

Social complexities around ‘comfort with uncertainty’

While we have prioritized consideration of cognitive factors that are likely to influence 
skillful practitioners’ feelings of ‘comfort with uncertainty,’ it is likely that social and 
social-emotional cues will also play a role. Local and discipline-specific cultures around 
risk tolerance, reactions to adverse events, and vulnerability to peers are all likely to impact 
clinicians’ comfort with managing problems independently (Jin et al. 2012; Kennedy et al. 
2009b; Luu et al. 2012; Novick et al. 2015), particularly when considering how patients 
or colleagues retrospectively judge each other’s actions or inactions (Leung et  al. 2012; 
Novick et  al. 2015). Similarly, the design of the health system in which one works will 
determine the external resources that clinicians have available—such as when backup from 
another clinician is easily accessible (Williams et al. 2007) or when tests are more readily 



804 J. S. Ilgen et al.

1 3

available (Plebani 1999)—as well as the external pressures they are managing (Cristancho 
et al. 2013b).These social-cultural influences on ‘comfort’ warrant attention in future work; 
however, the focus of this paper is on the cognitive aspects of this phenomenon, so we will 
leave it to others to elaborate these aspects of ‘comfort.’

Discussion

This review has explored the premise that ‘comfort with uncertainty’ can be deconstructed 
in ways that provide new insights into how clinicians navigate the interconnected complex-
ities of diagnosis and management in practice. Exploring how comfort is established and 
used within this framework illustrates the iterative and cyclical nature of clinical reason-
ing in complex settings (Cristancho et al. 2016) whereby comfort enables action and the 
ease with which one is able to act provides comfort. When working within settings where 
patients’ problems are ill-defined or incompletely conceptualized (i.e., where the cause of 
the problem is uncertain), clinicians harness action-oriented categorizations of problems 
and “pragmatic empiricism” (Atkinson 1984, p. 954) to get started with their management 
approaches, then couple these approaches with ongoing forward planning and intensive 
monitoring to clarify and re-conceptualize the situation at hand. Becoming comfortable in 
maintaining uncertainty in these settings is important because uncertainty serves as a cata-
lyst for ongoing skepticism about working hypotheses, thereby setting an expectation that 
these tentative hypotheses will be continually revised. Remaining uncertain additionally 
triggers clinicians to put resources in place to minimize risk around problems that remain 
sufficiently possible.

Implications for educators

How might this model of ‘comfort with uncertainty’ inform how educators support the 
development of clinical reasoning in trainees? We offer three preliminary educational 
implications that follow from this exploration of ‘comfort with uncertainty.’ First, to exist 
in this conceptual space of ‘informed speculation’ clinicians must adopt a deliberatively 
iterative and flexible construction of how patients’ problems are defined, approached, and 
managed. To get students into a mindset where ‘comfort with uncertainty’ is possible thus 
requires educators to first disabuse their trainees of the notion that clinical knowledge exists 
in a binary format of ‘knowing’ and ‘not knowing’ (Ilgen et  al. 2016). We believe that 
widely-used formulations for teaching clinical reasoning that are centered around diagnosis 
may contribute to learners’ challenges (Bordage and Lemieux 1991; Bowen 2006). These 
models implicitly suggest that ‘not knowing’ precludes taking action, while ‘knowing’ 
provides license for unwavering certitude when moving forward. Shifting our instructional 
models towards an emphasis on ‘comfort with uncertainty’ would instead teach students 
that skillful clinicians use problem-definition and problem-solving in parallel (Cristancho 
et al. 2017), treating possible diagnoses as merely provisional conceptual frameworks that 
facilitate action, and using responses to these actions as a means to further clarify their 
understanding of their patients’ problems.

Second, we believe our treatment of the terms ‘comfort’ and ‘discomfort’ can help 
trainees better identify the limits of what is safe to do (Kennedy et al. 2009a, b; Novick 
et al. 2015; Stewart 2008), and better understand that safety will be facilitated by forward 
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planning and monitoring. Educators can reinforce forward planning skills by prompting 
trainees to preemptively consider the resources they may need if any number of anticipated 
high-risk events were to take place (e.g. “what will we do if X happens?”; Moulton et al. 
2010a). Further, consistent with Koriat’s work (Koriat 1997; Koriat et al. 2005), educators 
can encourage trainees to monitor for cues that might signal that they are ‘on track’ or that 
they are veering into dangerous territory where conditions are beyond their abilities to con-
trol or manage (Moulton et al. 2010b).

Lastly, we would encourage clinical preceptors to reflect upon the underpinnings of 
their own ‘comfort’ in uncertain situations. As Koriat argues, cues such as ‘comfort’ are 
enabled by the rich accrual of experiences and beliefs about how these experiences prepare 
clinicians to take action (Koriat 1997; Koriat et al. 2005). So, just because this impulse is 
triggered in a preceptor does not mean that a trainee should feel the same way. Trainees’ 
abilities to imagine the multitude of possible downstream scenarios are limited given their 
lack of prior exposure to similar problems (thus restricting forward planning) and novices’ 
lack of automaticity and limited attentional reserves are likely to impair their abilities to 
self-monitor (Moulton et al. 2010b). Taken together, it is not at all surprising that super-
visors frequently feel ‘out of sync’ with their trainees (Moulton et  al. 2010a) as learn-
ers’ ‘discomfort with uncertainty’—manifested as behaviors such as hesitation (Ott et al. 
2018)—is a developmentally appropriate response for their stage of training. Educational 
programs that encourage students to generically ‘tolerate’ uncertainty (Cooke et al. 2017) 
deemphasize the importance of self-monitoring, encourage a lack of vigilance, or prompt 
trainees to fall back into models where diagnostic certainty is necessary for action (Ilgen 
et al. 2016). These pitfalls risk premature closure around problems that are still ill-defined 
and risk over-testing in ways that are not patient-centered. Instead, we would encourage 
supervisors to use these ‘out of sync’ instances as critical opportunities for learning. Work-
ing within a framework of ‘comfort with uncertainty’ allows supervisors and trainees to 
instead speculate together about the possible downstream events that pose risk to their 
patients (thereby enriching skills in forward planning), while concurrently considering the 
specific actions that allow them to move forward safely while continually monitoring their 
progress in these settings.

Implications for research

Further development of this framework and the proposed educational innovations requires 
a more robust understanding of how skillful clinicians recognize the boundaries between 
comfort and discomfort in moments of uncertainty. Doing so would help to better define 
instances where problems can be managed within the confines of clinicians’ existing cogni-
tive, emotional, and environmental resources, and when help is needed. Existing research 
examines how established clinicians preemptively steer clear of problems that are likely to 
misalign with their skillset (Zilbert et al. 2015a, b), but there has been less work directed 
toward understanding how clinicians’ moment-to-moment appraisals of comfort are both 
enacted and acted upon, as well as when they reach the limits of their comfort. Koriat’s 
dual-basis view of metacognitive judgments may provide helpful scaffolding to categorize 
the types of cues that clinicians use in the moment (Koriat 1997; Koriat et al. 2005), and 
these can ultimately be linked to downstream events as a means to illustrate whether or not 
these cues are predictive for desired outcomes (de Bruin et al. 2017).
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Further, as a supplement to research exploring how clinicians manage uncertainty 
effectively, there is need for an exploration of how this framework is conceptualized by 
novices, and how it aligns with their lived experiences. How do learners define the edges 
of their zones of practice while still learning the practice itself? How are the edges of a 
novice’s comfort zone experienced in the context of working with different supervisors 
and in different settings? Are lived experiences of discomfort viewed as limitations of 
practice or opportunities for learning? Are such perceptions derived from the implicit 
messages they receive from their training programs and clinical preceptors? How nov-
ices respond in moments of uncertainty or moments of discomfort will determine the 
extent to which they engage in entrustable practice and learning (Ten Cate et al. 2016) 
or hide their feelings in a manner that could compromise patient safety (Moulton et al. 
2010a). Research in this respect could thus probe learners to determine how they man-
age problems in the context of ongoing uncertainty while simultaneously navigating the 
tensions between learning, risk, and emerging independence.

Finally, if comfort and discomfort reflect holistic cognitive frameworks that guide 
the management of uncertainty, what does it mean for learners to be ‘overconfident,’ 
and how do supervisors identify these attributes in trainees? In past work, definitions of 
over- and under-confidence were based upon retrospective alignment or misalignment 
with measures of diagnostic accuracy as determined by expert consensus (Friedman 
et  al. 2005; Potchen 2006), pathology results (Dreiseitl and Binder 2005), or autopsy 
findings (Landefeld et al. 1988). Our definition of confidence is likely to change if we 
move away from a goal of ‘getting a diagnosis right’ towards ‘taking a reasonable next 
step while attending to and anticipating varied responses to management plans.’ Thus, 
unearthing the roots of trainees’ ‘comfort’ might help to further elaborate what faculty 
members mean when they say trainees are ‘over-confident’ in uncertain settings. This 
will help us understand the behaviors that give supervisors the perception that trainees 
are acting as “cowboys” (taking undue risk) or being overly “timid” (risk-intolerant) in 
settings of uncertainty (Cassell 1991; Zilbert et al. 2015b).

Conclusion

‘Comfort with uncertainty’ describes instances where clinicians have the confidence to 
act on a problem (or wait and observe) while lacking full confidence in their under-
standing of the underlying cause of the issue. This framework provides a new model for 
exploring and conceptualizing the critical cognitive and environmental cues that impact 
moment-to-moment decision-making. By focusing on the influences that shape indi-
viduals’ comfort, the management of uncertainty can focus on planning and enacting 
defensible clinical actions even when downstream outcomes remain unknown.
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