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Understanding uncertainty in medicine: concepts and 
implications in medical education
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In an era of high technology and low trust, acknowledging and coping with uncertainty is more crucial than ever. Medical uncertainty
has been considered an innate feature of medicine and medical practice. An intolerance to uncertainty increases physicians’ stress 
and the effects of burnout and may be a potential threat to patient safety. Understanding medical uncertainty and acquiring proper 
coping strategies has been regarded to be a core clinical competency for medical graduates and trainees. Integrating intuition and 
logic and creating a culture that acknowledges medical uncertainty could be suggested ways to teach medical uncertainty. In this 
article, the authors describe the concepts of medical uncertainty, its influences on physicians and on medical students toward medical
decision making, the role of tolerance/intolerance to uncertainty, and proposed strategies to improve coping with medical uncertainty.
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Introduction

Medical practice is well known to be full of 

uncertainty [1]. Even experienced doctors face 

uncertainty, especially regarding complex co-morbid 

medical conditions that may hinder applications of 

existing medical evidences. Facing medical uncertainty is 

a naturally occurring problem that trainees have to deal 

with during their development process. However, 

inadequate ability to cope with medical uncertainty may 

unnecessarily distress medical trainees, and this could 

harm patients [2]. Physicians who are intolerant to 

uncertainty have a tendency to prescribe excessive 

amounts of diagnostic tests [3] and are reluctant to 

disclose their uncertainties to their patients when 

making decisions [4]. Inadequate management of 

uncertainty may cause unnecessary concern and distress 

to patients [5]. Medical students usually face medical 

uncertainty during their clerkship and experience it as a 

cause of major stress [6]. In addition, medical students 

who cannot tolerate uncertainty are known to exhibit 

negative attitudes toward underserved [7]. When 

residents are confronted with complex contextual 

factors, they feel uncertain during clinical reasoning [8]. 

Understanding and acknowledging medical uncertainty 

and acquiring proper coping strategies is regarded as one 

of the core clinical competencies for medical graduates 

and trainees in Scotland, Australia, European Union, 

United Kingdom, and United States [9-14]. In future 
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medical practices, the application of high technology and 

precision medicine, including high-end information 

technology and artificial intelligence, may reduce 

uncertainty in medicine. However, novel knowledge and 

technology of the future, paradoxically, may bring up 

newer and unpredicted uncertainty in medical practice. 

Even in the era of the fourth industrial revolution, 

uncertainty in medicine may persist or even increase. 

Therefore, medical academics and training institutions 

should be able to help medical students and trainees 

better prepared to cope with uncertainty.

  In this paper, the authors introduce the concept of 

medical uncertainty, its influence on physicians and 

medical students with regards to medical decision 

making, the role of tolerance/intolerance in uncertainty, 

and proposed strategies for managing medical 

uncertainty.

Concepts and natures of medical un-
certainty

  Osler [15] once mentioned, ‘medicine is science of 

uncertainty and art of probability.’ Medical sociologist 

Fox [16] discerned that medical uncertainty in medicine 

comes from the limitations of medical knowledge, 

limitations of personal knowledge, and a difficulty 

distinguishing between the two. Since then, defining 

medical certainty has been attempted at various times 

[17-22].

  Beresford described three sources of medical 

uncertainty: technical, personal, and conceptual [22]. 

Technical uncertainty arises from inadequate or 

incomplete scientific data and could be understood as 

data-related uncertainty. Personal uncertainty arises 

from an uncertain doctor-patient relationship. Con-

ceptual uncertainty arises from a difficulty in applying 

data to real situations. Technical uncertainty could be 

considered first-order uncertainty and personal and 

conceptual uncertainty as second-order, or meta- 

uncertainty, as described by Savulescu [23]. First-order 

uncertainty is derived from uncertain probability of 

future outcomes and relates to scientific nature itself, 

whereas second-order uncertainty occurs when applying 

data to patient care, and it includes not only uncertainty 

that arises from real outcomes of given probabilities but 

also patients’ desire or degree of interest regarding the 

outcome [23].

  The terms ‘uncertainty’ and ‘ambiguity’ are sometimes 

used interchangeably [20]. Some researchers, such as 

Han et al. [19], believe ambiguity to be one of the 

sources of uncertainty. Han et al. [19] addressed various 

studies in literature from diverse disciplines, including 

psychology, communication, and health services, and 

suggested a new taxonomy of medical uncertainty 

consisting of three dimensions: sources, issues, and 

locus. The sources of uncertainty emerge from pro-

bability, ambiguity, and complexity. Probability refers to 

risk, and it comes from the indeterminacy of future 

outcomes. Ambiguity refers to indecisiveness, and it 

arises from imprecision, conflicting information, and a 

lack of evidence. Complexity refers to incomprehen-

sibility, and it arises from a multiplicity of causal factors 

or difficulty of interpretation.

Medical uncertainty and clinical rea-
soning

  Clinical reasoning is a thinking process performed in 

medical practice by healthcare professionals. It forms 

the core of professional autonomy [24]. One of the 

critical components involving clinical decision making is 

diagnostic reasoning. However, it has been reported that 
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the accuracy of physicians’ diagnosis, as assessed by 

autopsies, has not improved since the early 20th century 

[25,26]. As uncertainty lies in diagnosis and treatment, 

which are the major components of clinical decision 

making [27], the perception of uncertainty by physicians 

during clinical reasoning would impose a great deal of 

significance on patient care.

  When confronted with uncertainties in decision mak-

ing, physicians often deny uncertainty and uphold 

medical orthodoxy, merely adopt the practice of other 

physicians, or use heuristics [28,29]. Heuristics are a 

method that could easily be applied when systemic or 

rational judgement is not required or cannot be attained 

[28]. Hall [28] described common heuristics and biases 

that physicians face during the process of clinical 

reasoning: representative heuristic, availability heuristic, 

anchoring and adjustment heuristic, hindsight bias, 

framing effect, optimistic bias, regret bias, socio-cultural 

bias, and others. These cognitive biases could be sources 

of errors in the process of clinical reasoning. Hall [28] 

warned of the potential harm of heuristic decision 

making without proper recognition of uncertainty. To 

help young doctors avoid errors derived from mere 

heuristic decision making, training recognition, admit-

tance of unavoidable medical uncertainty, and coping 

strategies are needed.

  The suggestion has been made that establishing and 

adapting to clinical guidelines are productive ways of 

responding to uncertainty in medicine [28]. Indeed, 

physicians tend to respond by adhering to guidelines 

when faced with uncertainty. However, despite the use 

of guidelines, uncertainties in medical practice are 

unlikely to be overcome [30]. Eddy [29] pointed out that 

some aspects of medical knowledge can never be verified 

by randomized controlled trial and uncertainty cannot be 

completely eliminated due to the variance of human 

nature. Besides, medical uncertainty, which can be 

resolved by medical knowledge and research evidence, is 

confined to first-order, or technical uncertainty [22,28]. 

Physicians still have to deal with second-order or 

meta-uncertainty in clinical decision making, despite 

enormous clinical evidence and highly sophisticated 

technical data [28].

Tolerance/intolerance of medical un-
certainty

1. Demographic features related to tolerance 

of uncertainty

  Physicians’ tolerance to uncertainty or ambiguity has 

been shown to differ by age, sex, and specialties. Geller 

et al. [17] reported that psychiatrists, and physicians who 

graduated medical school when they were older, who 

were open to prescribing novel predictive tests, had 

higher tolerance to ambiguity. Gerrity et al. [18] showed 

that women, surgeons, general practitioners, or phy-

sicians who were practicing for shorter periods tended to 

experience more stress from uncertainty. Similarly, in a 

study using Budner’s Intolerance of Ambiguity Scale, 

surgeons were significantly less tolerant to uncertainty 

than physicians [31].

2. Negative influences of intolerance to me-

dical uncertainty

  Previous studies have shown that intolerance to 

medical uncertainty can negatively affect doctors’ 

emotions, mental health, and job satisfaction. Physicians 

who experienced more stress from uncertainty had 

higher levels of burnout [32] and experienced increased 

work-related stress [33] and decreased job satisfaction 

[34]. Cooke et al. [35] showed that a general intolerance 

to uncertainty, anxiety due to clinical uncertainty, and 
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the reluctance to disclose uncertainty to patients have 

been related to a higher risk of burnout. In contrast, the 

general practice registrars who had higher scores on the 

resilience scale had less burnout, less anxiety, and 

tolerance to uncertainty. Additionally, physician’s anx-

iety provoked by uncertainty seemed to be associated 

with increased patient hospital charges [36] and more 

referrals [32]. Intolerance to uncertainty could be related 

to discomfort with elderly patients and patients who 

have psychological problems [18]. The impact of 

uncertainty-related anxiety on work-related satisfaction 

was more prominent for training physicians [34]. Resi-

dents who had less tolerance to uncertainty experienced 

more anxiety when caring for dying patients [37]. 

Residents who had higher levels of stress from 

uncertainty had lower levels of resilience scores and 

higher levels of burnout and depression [38].

  Why is uncertainty stressing out doctors? Ghosh [1] 

proposed that a physician who is intolerant to uncer-

tainty seems to perceive uncertainty as a threat. To 

reduce burnout or distress from medical uncertainty and 

to transform the cognitive dissonance provoked by 

clinical uncertainty to a self-directed learning moment, 

medical students and trainees should be aware of and 

taught how to lower perceived threats from uncertainty 

while improving resilience.

3. Coping with medical uncertainty

  Studies regarding coping mechanisms and strategies to 

improve dealing with medical uncertainty have been 

conducted. The previous studies mostly focused on 

behavioural responses to uncertainty: (1) positive be-

havioural responses, such as approach, action, decision 

making, and information seeking; and (2) negative 

behavioural responses, such as avoidance, inaction, 

decision deferral, or inattention [21]. Hillen et al. [21] 

classified uncertainty responses as positive or negative 

and proposed an integrative model that includes re-

sponses to uncertainty. Han et al. [19] claimed that 

uncertainty could be considered a perception or meta- 

cognition, namely ‘knowing of unknowing.’

  Generally, medical trainees resolve medical uncer-

tainty by consulting seniors through a predetermined 

hierarchy [39]. Farnan et al. [2] reported that residents 

had managed uncertainty in critical incidents through a 

firm hierarchy, seeking help from colleagues and 

literature first, and then senior residents, specialty 

fellows, and the attending physician. In this study, the 

reported barriers to contact seniors included (1) fear of 

losing autonomy in decision making; (2) fear of 

revealing knowledge gaps; (3) a tendency to adhere to 

the defined hierarchy; and (4) concern about reper-

cussions. Friedman et al. [40] studied residents’ behav-

iours to resolve uncertainty and suggested that mere 

perception of firm hierarchy could be a barrier to early 

action to resolve uncertainty.

  Cristancho et al. [41] have categorized surgeons’ 

responses to uncertainty as prioritizing alternatives, 

re-evaluating the plan, creating novel solutions, and 

seeking advice. The authors reported that the level of 

tolerance to uncertainty improved over time and ex-

perience via training. Similar results have been reported 

in studies involving family medicine residents, students, 

and attending physicians [42,43].

  Ghosh [44] recommends some behavioural strategies to 

decrease clinical uncertainty: trying to apply the best 

available evidence-based information, taking careful 

note of the patients’ history, excluding fatal diagnoses, 

and encouraging patients to take part in decision- 

making. These actions are the principal components that 

should be taught and learned during medical training. 

However, as discussed earlier, medical uncertainty 

cannot be eliminated completely in real world situations.
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Teaching strategies to manage medical 
uncertainty

  Geller et al. [17] have reported that tolerance to 

ambiguity does not change throughout medical school 

and argue that it should be included as one of the 

qualifications required for admittance to medical school 

[45]. Meanwhile, some researchers claim that tolerance 

to uncertainty in medical students may change or 

improve during medical school, at least in part [6,46].

  Despite the nature of uncertainty of medicine and 

medical practice, the culture of medicine does not seem 

to admit it [47]. Domen [48] argues that embracing 

uncertainty could improve personal well-being, con-

struct effective mentorship, establish a culture of respect 

throughout the institution, bring out meaningful 

learning, and enhance sound doctor–patient relationships 
and patient-centred care.

  Ghosh [1] proposes some techniques to decrease 

uncertainty in clinical practice [1]. Physicians must be 

clear when addressing patients that they are ready to 

answer any questions and ought to introduce variable 

sources of information about health. When asked about 

things that are uncertain, physicians should acknowledge 

their ignorance and try to seek an answer. Physicians 

should listen to patients with sympathy and have patients 

become involved in the decision-making process, with 

explanations of test results, known risks, and options for 

treatment using easy language, while admitting the 

possibility of biases and errors in the process of clinical 

reasoning.

  Teaching dual process theory has been reported to 

somewhat improve accuracy in clinical reasoning rather 

than merely teaching about errors and biases using 

heuristics in uncertain situations [49]. Adopted from 

cognitive psychological theories, Croskerry [50] sug-

gested an integration of the two systems of decision 

making: system 1 (heuristic, intuitive) and system 2 

(systematic, analytical). System 1 is a hardwiring system 

that is passive and automatic. It is based on intuitive 

thinking or heuristics, which are provoked by pattern 

recognition. This can be influenced by contexts such as 

age, gender, emotion, and experience. On the other hand, 

system 2 is basically logical and reasonable. This can be 

learned from education and training. System 1 is used 

widely throughout everyday life, and it could be an 

effective and powerful tool in simple, routine clinical 

situations. For example, a physician will immediately 

diagnose acute pharyngo-tonsillitis (APT) by observing a 

throat that has swollen, reddish, ulcerative tonsils. 

Furthermore, the physician could consider the patient’s 

sex, age, and the presence of signs such as fever and 

lethargy or other symptoms such as cough and 

rhinorrhoea. But generally, he or she would not 

meticulously consider the prevalence of APT in the 

district or the sensitivity and specificity of the visual 

examination of the throat deliberately. Taking the 

prevalence of a disease and sensitivity or specificity of 

an examination or test into account could be considered 

a system 2 process of decision making [50]. This could 

be adopted in rather complex situations [51]. Teaching to 

be mindful of integrated processes of reasoning in daily 

clinical practice could be a useful way of teaching 

strategies to cope with uncertainty in medicine [27]. 

Further studies are needed to examine the effect of 

cognitive intervention on teaching dual process theory in 

large populations and its effect on uncertainty tolerance.

Conclusion

  Despite dealing with medical uncertainty, which is 

recognized as one of the core competencies in medical 
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education, this area still remains unknown and un-

explored in medical education. There is not much 

evidence on the ways of effective teaching and learning 

with regards to medical uncertainty, and improving 

tolerance towards it. Considering it does not have a 

negligible effect on medical practice, more attention and 

research on this issue is needed. 

  Creating a culture that acknowledges medical 

uncertainty would be the first step to teach medical 

uncertainty and tolerance towards it. Dual process theory 

adopted from cognitive decisional science sheds some 

light on teaching strategies to cope with medical 

uncertainty. Further studies are needed to examine the 

effect of cognitive intervention regarding dual process 

theory in large populations and its effect on uncertainty 

tolerance.
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