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Abstract
Purpose: The purpose of this study was to explore how decision making and informal 
and incidental learning (IIL) emerged in the clinical learning environment (CLE) dur-
ing the height of the Covid-19 pandemic. The authors’ specific interest was to better 
understand the IIL that took place among frontline physicians who had to navigate a 
CLE replete with uncertainty and complexity with the future goal of creating experi-
ences for medical students that would simulate IIL and use uncertainty as a catalyst 
for learning.
Method: Using a modified constructivist, grounded theory approach, we describe 
physicians’ IIL while working during times of heightened uncertainty. Using the critical 
incident technique, we conducted 45-min virtual interviews with seven emergency 
department (ED) and five intensive care unit (ICU) physicians, who worked during the 
height of the pandemic. The authors transcribed and restoried each interview before 
applying inductive, comparative analysis to identify patterns, assertions, and organ-
izing themes.
Results: Findings showed that the burden of decision making for physicians was influ-
enced by the physical, emotional, relational, and situational context of the CLE. The 
themes that emerged for decision making and IIL were interdependent. Prominent 
among the patterns for decision making were ways to simplify the problem by ap-
plying prior knowledge, using pattern recognition, and cross-checking with team 
members. Patterns for IIL emerged through trial and error, which included thoughtful 
experimentation, consulting alternative sources of information, accumulating knowl-
edge, and “poking at the periphery” of clinical practice.
Conclusions: Complexity and uncertainty are rife in clinical practice and this study 
made visible decision-making patterns and IIL approaches that can be built into for-
mal curricula. Making implicit uncertainty explicit by recognizing it, naming it, and 
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INTRODUC TION

Medicine is the science of uncertainty and an art of 
probability.—

Sir William Osler.

The uncertainty and complexity of everyday clinical practice was 
amplified by the Covid-19 pandemic and illuminated the gap in train-
ing learners in the health professions, particularly medical students, 
receive in formal curriculum to function in uncertain environments. 
Although a range of educational interventions have been described 
in the literature that aim to prepare medical students for this un-
certainty, these interventions do not build on existing theoretical 
frameworks nor have they been comprehensively synthesized into 
formal curriculum.1 To date, formal training to navigate uncertainty 
in practice is lacking. Health professions educators must understand 
the essential skills practitioners rely on when navigating uncertain 
clinical scenarios with high consequences during rapid turnover of 
knowledge. The authors aimed to describe the learning that took 
place in frontline physicians who worked in the clinical learning en-
vironment (CLE) amid the uncertainty posed by the height of the 
pandemic.

The CLE represents a complex system consisting of interacting 
and interdependent components—personal, social, organizational, 
physical, and virtual—that magnify uncertainty in everyday clin-
ical practice.2,3 The pandemic heightened our awareness that the 
CLE is replete with uncertainty. Therefore, an opportunity exists to 
provide agents in the clinical workplace with a framework to make 
sense of and act within complex health systems. This “learning in the 
moment” is likely to occur informally and haphazardly during com-
plex and uncertain clinical contexts, where novel problem-solving 
strategies are required.4 The Marsick and Watkins Model of Informal 
and Incidental Learning (IIL) in the workplace represents one way to 
describe this process of meaning making.4

IIL in the clinical environment is “implicit, unintended, opportu-
nistic and unstructured” and rarely facilitated by a teacher.5 Mar-
sick and Watkins characterize IIL as integrated with daily work and 
routines and triggered by an impetus that is not highly conscious, 
often haphazard, and influenced by chance and an inductive pro-
cess of reflection and action.6 Informal learning can be intentional 
even though unplanned, but it can also be incidental or a semicon-
scious byproduct of tasks team members in the CLE undertake. For 
example, adopting practices of a hidden curriculum that may include 
specific workflows, procedures, and team roles for a designated clin-
ical context.7 It often occurs when doing something for which the 

primary purpose is not learning, such as solving a problem in the 
CLE.8 In essence, IIL describes how clinicians learn every day as they 
face circumstances calling for new ways to problem solve and make 
decisions.9–13

While the study of IIL in the CLE has not been explored in health 
professions education, other similar theoretical frameworks have 
been described. For example, adaptive expertise, first coined by 
Hatano and Inagaki, explores how and why solutions in particular 
situations can be extracted, distilled, and used in new or unfamiliar 
future contexts.14 Adaptive expertise relates to asking individuals to 
develop their own solutions and strategies, particularly when direct 
links are made between errors and knowledge to be learned.14 In the 
setting of the recent pandemic, Merritt et al.15 share that Covid-19 
highlighted new lessons in adaptive expertise: to develop “the abil-
ity to learn new information, make effective use of resources, and 
invent new procedures to support learning and problem-solving in 
practice.”

Although IIL represents a novel framework applied to medical 
education, this conceptual framework focuses on the dynamic learn-
ing process and how learning took place in the clinical environment 
incidentally during Covid-19. In contrast to adaptive expertise, IIL 
captures the incidental component to learning that is not necessarily 
conscious. The focus for this study was on the process of learning 
and not its outcomes and how learning often occurs without inten-
tion. We presumed expertise of our participants through our sam-
pling strategy. IIL offers the opportunity to describe nuances of how 
physicians learn and navigate complexity and uncertainty in clinical 
practice. By better understanding this learning process, practical 
steps to integrate the findings into formal curricula could better pre-
pare learners to engage in meaningful learning during heightened 
clinical uncertainty.

MATERIAL S AND METHODS

The purpose of this qualitative study was to explore how physicians 
working in the CLE during the Covid-19 pandemic experienced IIL 
during times of heightened uncertainty. Specifically, from a modi-
fied constructivist grounded theory (CGT) approach, we inductively 
analyzed our data to describe what IIL looks like for physicians work-
ing through the complexity and uncertainty associated with patient 
care. It is important to note that three study investigators (VJM, KW, 
HL) have extensive expertise with CGT and all study investigators 
have significant expertise with qualitative research methods (VJM, 
KW, HL, DP, UV, GA, DZ). Our research team consisted of three 

practicing navigating it may better prepare learners for the uncertainty posed by the 
clinical practice environment.
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adult learning researchers (VJM, KW, HL), one critical care physi-
cian (UV), one emergency physician (DP), and one senior educational 
leader (DZ). We deliberately chose this team composition to enable 
investigator triangulation, leveraging different perspectives to bal-
ance subjective views during interpretation of data. The study was 
approved by the institutional review board of Thomas Jefferson Uni-
versity (#21E.565).

Setting, population, and sampling strategy

Because we sought to understand how the uncertainty associated 
with the height of the Covid-19 pandemic affected the IIL of physi-
cians working in highly complex clinical environments we intention-
ally recruited physicians who treated Covid-positive patients in the 
emergency department (ED) or the intensive care unit (ICU) at an 
urban, academic, tertiary care hospital in Philadelphia, Pennsylvania. 
Two authors (DP, UV) are faculty in these respective clinical depart-
ments familiar with the practice environment. Physician participants 
were identified through purposive convenience sampling.16 Criteria 
for inclusion were that the individual worked as an attending physi-
cian treating patients with Covid-19 in the ED or ICU at our institu-
tion during March to June of 2020.

To capture an array of clinical experiences across the physi-
cian life cycle, participants were chosen with varied accumulated 
years working clinically in the ED or ICU. Participants were en-
rolled through targeted emails describing the study and assurance 
that participation was voluntary. Participants and their respective 
narratives were deidentified using an internally developed coding 
scheme.

Data collection

Our study consisted of a series of critical incident interviews, each 
45-min long, with frontline ED and ICU physicians. Each interview 
was conducted virtually using Zoom software by two members of 
the research team, which allowed for a clinician (i.e., DP, UV) and an 
adult learning expert (i.e., VJM, KEW, HL, GA) to be cointerviewers.

Procedure

The critical incident technique (CIT) was chosen as the data collec-
tion method since it is an approach that creates vivid depictions 
of the phenomena of interest as well as a window into the reason-
ing of the individual about the incident.17–19 An interview protocol 
(see supplemental material) was developed by study investigators 
with significant experience with the CIT (i.e., KEW, VJM, HL). The 
protocol was piloted with one ED and one ICU physician to op-
timize interview questions. The interview protocol was modified 
based on these pilot interviews. Pilot interviews were included in 
the data set. Physician participants were asked to describe a key 

incident in their daily clinical work during the Covid-19 pandemic 
when they were faced with a significant degree of uncertainty. In-
terviews were transcribed for analysis using Sonix software, which 
were then reviewed by members of the study team for transcrip-
tion accuracy.

Data analysis

Analysis began by reducing the data to capture a critical story. In-
terviewer comments and extraneous narratives were removed 
after which each incident was restoried, rearranging the incident 
in chronological order for coherence.19,20 We then identified a title 
using the participants’ own words that captured the essence of the 
incident. Employing a modified grounded theory approach, we con-
ducted an inductive data analysis on the restoried incidents.21,22 Our 
approach differed from strict coding procedures of the traditional 
grounded theory approach as concepts were formed straight from 
interpretations of data on an analysis worksheet (i.e., in the form 
of assertions).23,24 Inductively, the study team developed assertions 
about the meaning of each incident as it related to our research pur-
pose18,19 after a series of iterative conversations to identify what 
was learned from the critical incidents and how they tied to the re-
search purpose. Once the analysis was completed, we collectively 
completed a virtual card-sorting activity on a Google Jamboard of 
our assertions to identify overarching themes.

RESULTS

We identified and interviewed 12 physician participants, seven ED 
and five ICU physicians. Participants had a mean of 10 years of clini-
cal experience in their respective field (range 4–19 years). Five were 
female.

Analysis of the critical incidents with cross-case comparisons 
revealed themes that were classified into three categories: (1) the 
influence of context on decision making and learning, (2) decision-
making patterns in uncertain environments, and (3) IIL strategies uti-
lized during uncertainty and complexity. Representative quotes are 
included for each theme.

The influence of context on decision 
making and learning

The Covid-19 pandemic changed the environment that health care 
workers were accustomed to working in. Physical spaces were reor-
ganized, new equipment was utilized, evidence-based literature was 
sparse or nonexistent, and more questions than answers occurred. 
We describe how changes in the physical, situational, emotional, 
and relational domains were influential to our participants decision-
making and ability to “figure it out on the fly” 
(PHY03).
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Physical and situational context

Participants described a new order in their workspace. What was 
familiar became foreign: rooms reorganized, materials relocated to 
different places, communication garbled while wearing personal pro-
tective equipment (PPE), and learning new systems and procedures 
became the daily norm. An overwhelming array of tasks had to be 
balanced to keep everyone safe. This impacted decision making by 
introducing environmental and procedural uncertainty. Importantly, 
the question of how to assure the safety of oneself, team members, 
and the physician's family was constantly assessed. Participants 
described elaborate disinfection rituals before they stepped into 
their homes and attempts at reducing exposure at home by sleep-
ing in separate rooms. At work they role-modeled safety protocols: 
always being the first (sometimes the only) physician to enter the 
patient's room, thus protecting junior members on the team, from 
excessive exposure. What was usually “utterly reflexive had become 
conscious” (PHY04).

The dark was the actual physical dark of working a 
lot of overnights by yourself. Those first few weeks, 
we really didn't have clear pathways of what we were 
doing or clear treatment plans. 

(PHY01)

Emotional and relational context

The Covid-19 pandemic forced participants to question their own 
knowledge of how to treat their patients. The paucity of evidence 
available led to a lack of confidence in making decisions and an om-
nipresent fear they might be suggesting the wrong step in patient 
care. This burden magnified the uncertainty around conversations 
with patients and families causing provider emotional distress. Ad-
ditionally, the pressure some participants felt from patients’ fami-
lies advocating for anecdotal treatments made balancing decisions 
even more contentious and emotionally charged—after all, it was 
truly a question of life and death. This created a “decision burden” 
(discussed next) that further complicated the situation.

Interactions between individual members of the health care 
team seemed to morph as well; there was a greater reliance on 
reading the room and interpreting body language to help facili-
tate decision making. The relational capital was palpable—that 
is, leaning on team members helped provide a safety net for our 
participants.

How do I confidently but honestly convey to both the 
patient and family members what I think my plan for 
the patient should be without having good data to 
support that plan? And that feeling lasted for a long 
time, longer than I would have liked. 

(PHY02)

Managing the burden of personal responsibility for 
patient outcome (decision burden)

Being perceived as the leader of the team and the ultimate arbiter 
of decision making weighed heavily on participants’ shoulders. They 
frequently sought peer opinions, reaching out across institutions, 
but more importantly looked for verbal and nonverbal cues of team 
consensus. Their thinking and decision making was impacted by the 
constant prognostic uncertainty they faced.

I was in the ICU in March when the first patient with 
Covid was confirmed. I just remember being near 
tears for that one week where there was just so much 
like push–pull uncertainty and everyone sort of looks 
to you to know the answer. But I really didn't have 
the answers. 

(PHY08)

Decision-making patterns in uncertain environments

Relying on past experience with similar diseases 
(pattern recognition)

Participants frequently fell back on their prior experience while 
dealing with medical conditions that appeared similar to Covid-19. 
Participants expressed a certain comfort with applying what they 
thought would work based on pattern recognition, i.e., when symp-
toms and signs are compared to well-established disease processes 
and a match is identified.

So, you take an uncertainty and you kind of try to find 
patterns that you are familiar with, like sepsis, and try 
to manage it the same way. That's one way of doing it, 
where you try to take something that you don't know 
about and try to find a pattern that makes it similar to 
what you did in the past. 

(PHY03)

Relying on reflexes, intuition, and heuristics 
(simplifying the problem)

Participants described acting on instinct when faced with new prob-
lems that seemed familiar. They concentrated on the issues they 
could address to focus their thoughts amid the deluge of informa-
tion. They commented on how they sometimes had to act first and 
then assess consequences to make sense of the situation.

I reassured myself that I know how to take care of 
certain things. I know what tools we have to take care 
of hypoxia and I know what tools we have to make a 



    |  5 of 9VAID et al.

diagnosis. And I know what to do to temporize the 
discomfort in the moment. I just tried to fall back on 
what I knew how to do best. 

(PHY02)

Relying on colleagues to ratify decision making 
(cross-checking)

Participants frequently leaned on their colleagues and/or interpro-
fessional team members to gain consensus. Interestingly, this was 
more often observed in the interviews with ICU physicians, where 
they actively sought out peer physicians’ and their interprofessional 
teams’ opinion. It is likely the nature of the ICU working environment 
lent itself to this observation. In the ED, physicians frequently work 
in smaller teams and in more emergent situations, making it difficult 
to seek advice from multiple team members.

We found that being able to rely on consensus and agreement 
among peers and other members of the hospital team was invalu-
able. Decisions reached by the physician were influenced by how the 
team worked together, and the uncertainty itself fostered a closer 
team working dynamic.

One of the great things about working in the ICU is 
that you have this very tight team and I think on 90% 
of the things, you kind of flatten the hierarchy for 
everyone … from nursing, from respiratory therapy, 
from the resident level to the attending. Everyone has 
an opinion, and it all gets factored in. It's very helpful 
for decision making for me as an attending to stand 
back and listen to all of this because it informs it. 

(PHY04)

Learning strategies utilized during 
uncertainty and complexity

IIL was embedded in participants’ narratives. While working through 
uncertainty, physicians relied on prior medical knowledge, trial and 
error, searching alternative sources, and thinking out of the box (i.e., 
“poking at the periphery”). Over time, physicians were able to build 
on their experiences, which enabled them to deal with this new dis-
ease more confidently.

Relying on prior medical knowledge and using the 
“trial and error” approach

Most of our physician participants focused on prior knowledge of 
viral respiratory diseases and applied those concepts to this new 
disease. Making a decision, implementing it, rapidly assessing con-
sequences, and then changing course, if needed, was a common 
theme. Some participants ran small experiments when the patient 

and/or their families agreed, ensuring that they did not violate any 
regulations, especially when the alternative was certain death. One 
of these approaches entailed delaying intubation for patients in 
acute respiratory failure to avoid the complications of mechanical 
ventilation. This was despite initial opinions to the contrary, but ulti-
mately was found to be a successful approach.

New things are just new versions of old things. When 
new things come up, we don't have to throw out ev-
erything we've ever known about everything in the 
absence of data and certainty and knowledge about 
a specific disease process. You can just fall back on 
like good critical care strategies that are proven and 
known to work. You will not be right all of the time, 
but you'll be right most of the time. 

(PHY07)

Thinking out of the box (poking at the periphery)

Participants expressed a tendency to question the evidence they 
were presented with and used the team as a sounding board for new 
ideas. Some participants “thought out loud” or even drew new ideas 
out on paper. This resulted in a few participants trying a different 
approach to managing patients with Covid-19–related acute respira-
tory distress syndrome.

Some participants vacillated between applying established pro-
tocols for patients presenting with acute respiratory failure and fol-
lowing new anecdotal evidence given that this was a novel virus with 
unknown consequences. This set up a mental struggle and amplified 
the complexity of decision making in the pandemic.

When I'm faced with the thing that I don't know any-
thing about, I'm trying to put things together because 
this patient has eight things wrong with them. How 
do they all fit in one process? I will take out a paper. I'll 
turn over my sign-out [sheet] and I draw on it, and I try 
to explain. And as I'm trying to explain it to myself, I'm 
teaching the fellows, but essentially, I'm teaching myself 
and thinking about the complex problem from various 
angles, and it becomes a learning and sharing moment. 

(PHY09)

Seeking out and applying new knowledge (alternative 
sources)

With cases of Covid-19 rapidly rising and anecdotal evidence of case 
reports pouring in from around the world, physician participants re-
ported scouring any source of information they could find to help 
their patients. Though the quality of evidence was debatable given 
the lack of clinical trials in that initial phase of the pandemic, all re-
ported data impacted day-to-day decision making.
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In terms of figuring out what to do, I feel like it was 
just hearsay. … we were just relying on people who 
knew emergency medicine, physicians who were 
working in the stress areas specifically at the time, 
like New York. … It was like public electronic shared 
information that was being called [on] by the masses, 
but not really fact checked. 

(PHY05)

Build on experience with the new disease over time 
(accumulation of knowledge)

All the above strategies and managing multiple patients with a simi-
lar disease process led to a degree of experience that made the par-
ticipants more comfortable with the disease course, treatment, and 
prognosis.

You know, we're a year in and have I really learned 
something? And I think that's just part of being an 
adult and there are so many things that I lean back 
into that I feel like I learned right, and I have a com-
mand of it. And I don't know that I still have a com-
mand of this, but maybe nobody does. Right? Or few 
of us do. I don't know. 

(PHY05)

Summary of findings

An inductive analysis of our physician interviews employing the 
CIT revealed patterns of decision making and patterns of learning 
that were observed while physicians were immersed in uncertain 
and complex scenarios posed by the clinical environment.2 Patterns 
for learning and patterns for decision making were interdependent. 
Prominent among these were ways to simplify a problem by applying 
prior knowledge, using pattern recognition, and then cross-checking 
information with team members. Learning emerged through trial and 
error, intentional and thoughtful experimentation, poking at the pe-
riphery of a problem, accessing alternative sources of information, 
and, ultimately, the accumulation of knowledge.

The interaction of these factors is visually summarized in Fig-
ure 1. The figure places our physician participants at the center of 
this representation as they navigated decision making amid uncer-
tainty that spanned several types of clinical contexts (i.e., physical, 
emotional, relational, and situational). The burden of their decision-
making was influenced by the physical, emotional, relational, and 
situational uncertainty of their work.

DISCUSSION

We know from prior literature on constructivist and situated learn-
ing25 that learning is social and takes place in groups—we learn from 

F I G U R E  1 Visual representation of results of the inductive analysis: We represent the influence of context and decision burden that 
brought to light the various patterns of decision making and learning in the complex and uncertain clinical environment of the pandemic. The 
physician at the center of this representation navigated decision making amid uncertainty that spanned several types of clinical contexts (i.e., 
physical, emotional, relational, and situational).
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each other and from our own experiences, as was evident in our 
participants’ interviews. Constructivism, as a theory, postulates that 
learners use their experience and their reflections on that experi-
ence to construct new knowledge.26 This theory is brought to the 
forefront when dealing with uncertainty and complexity. Per situ-
ated learning, the experiences of our participants were influenced 
by the constantly changing physical, emotional, relational, and situ-
ational contexts during the pandemic. Participants created a mental 
model to approach a patient with Covid-19 but had to adapt that 
model constantly given new information. In addition, mental models 
had to be created to problem solve each of the contextual uncertain-
ties they faced—whether it was physical (i.e., a change in the con-
figuration of the ED), emotional (i.e., a family insisting on unproven 
therapies), relational (i.e., team member dynamics and opinions), or 
situational (i.e., discussing prognosis with family members with little 
evidence to support answers).

Our results highlight the pervasiveness of incidental learning in 
uncertainty and complexity.27 With no clear evidence at hand, in the 
midst of ambiguity and conflicting messages, learning could not be 
planned or goal directed, but rather emerged incidentally through 
engagement in the task within a social context. These findings echo 
previous research, such as that by Taber et al.,28 in which paramed-
ics and firefighters developed the “ability to respond to emergent 
situations, adapt policy into practice, and navigate through the gray 
areas and organized chaos of their professions.” At the same time, 
“when all things anticipated or thought known dissolve, and when a 
firefighter or paramedic stands alone or with a comrade needing to 
make just the right decision, another kind of active, creative, fast-as-
lightning learning must be deployed.”28 Learning arises intuitively or 
via unconsciously acquired tacit knowing. We described this learning 
as trial and error, though it sometimes bordered on experimentation. 
For example, one physician decided not to intubate immediately but 
tried a different approach while closely evaluating results and ac-
tively discussing observations with team members. In a similar study 
of incidental learning in a complex clinical context, Harner29 found 
that lack of knowledge forced people into incidental learning in the 
moment.

Elements of adaptive expertise are also noted in our data. 
Participants were confronted with novel problems related to 
Covid-19, they were called upon to apply their existing knowledge 
when possible through pattern recognition (i.e., routine exper-
tise), and they also transferred this knowledge to new problems 
to create novel solutions (i.e., adaptive expertise).14,15,30 Learn-
ing in our study demonstrated a reliance on heuristics and pat-
tern recognition; yet participants also had to use their specialized 
knowledge to seek out variations in treatment as well as other in-
novative solutions. Interestingly, Merritt et al.15 describe several 
conditions that optimize learning for both adaptive expertise and 
the in-the-moment, process-specific skills of IIL that were iden-
tified in our study. These include learning from a wide range of 
examples, challenging learners to develop new approaches, and 
learning through repeated application of both routinization and 
innovation.31,32

Our findings have the potential to inform curricula in under-
graduate medical education (UME). Historically, there has been 
a focus on preparing medical students for uncertainty in clinical 
practice by focusing on efforts that bolster students’ confidence 
and tolerance for uncertainty. For example, Mangione et al.33 ex-
amined whether exposure to the humanities was associated with 
lower reported qualities that are detrimental to physician well-
being, including intolerance of ambiguity. Before it was dropped 
from the Medical School Graduation Questionnaire in 2021, the 
Association for American Medical Colleges routinely collected 
data on student perceptions of uncertainty through the Tolerance 
for Ambiguity (TFA) scale. The TFA was designed to predict one's 
ability to cope with situations of uncertainty.34–36 Recent litera-
ture, however, suggests that the emotional and somatic responses 
from working through uncertainty often serves as a catalyst to 
solve problems. This awareness has raised the possibility of un-
certainty tolerance being an epiphenomenon of competence37,38 
in managing uncertainty—meaning tolerance for uncertainty 
emerges naturally as agents in the clinical environment appraise 
the internal and external resources and skills they rely on to navi-
gate complexity and uncertainty.

Our data identify several concrete skills and behaviors educa-
tors should consider when designing programming that prepares 
trainees to make decisions during times of heightened uncertainty. 
The goal of training should aim to strengthen learners’ ability to 
gauge the uncertainty of a situation and determine their likelihood 
of being successful (or not) when facing new problems that emerge 
in practice. Through these experiences, learners may develop the 
capacity to tolerate uncertainty and accrue the skills to manage it 
effectively.37,38 Given that tolerance of uncertainty and tolerance of 
ambiguity are not stable attributes, but rather expand with increas-
ing confidence, educators have the opportunity to focus on learners’ 
ability to effectively manage uncertainty (i.e., first acknowledging 
and appraising situations of uncertainty, followed by identifying and 
practicing strategies to navigate uncertainty).

Training in health professions education should prepare learn-
ers to engage in IIL when working in complex clinical environ-
ments.12 Curriculum design must focus on the development of 
abilities that will support the exploration of creativity in the con-
text of IIL. To support decision making in the face of ambiguous, 
nonroutine situations, students in the health professions require 
the distinct abilities to seek available knowledge, craft innovative 
solutions and possibilities, and take intuitive leaps to choose the 
best possible option. Equally important, students will require the 
ability to reason through problems abductively—to move from 
sensemaking (i.e., the ability to make observations and deductively 
and inductively reason) to sensebreaking (i.e., the ability to apply 
imagination and experiment in practice).9 Thus, uncertainty be-
comes a catalyst for learning.

Including pedagogies in a curriculum that foster participatory 
learning, such as problem-based learning and case-based learning 
(CBL), can equip students with the skills to search for and appraise 
new knowledge and scaffold their own self-directed learning.8,39 
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As an example of this approach, at our medical school, we have 
successfully integrated CBL cases that prompt students to nav-
igate various types of uncertainty (e.g., stochastic, diagnostic, 
prognostic) in the preclinical curriculum. Immersing students in 
design sprints builds skills in design thinking and action learn-
ing, which support the implementation and testing of novel solu-
tions.8,40 Participating in routine patient safety initiatives, such as 
failure modes and effects analyses, can help students assess the 
intended and unintended consequences of their actions.41 At our 
medical school, we have included small-group faculty-facilitated 
debriefings that take place between core clerkships that prompt 
students to reflect on and discuss their recent clinical experiences. 
One session is solely dedicated to discussing how students expe-
rienced and navigated uncertainty.

LIMITATIONS

Crucial to understanding our findings, however, is dissecting the 
limitations of our study, which include sampling and recall biases. 
Firstly, we interviewed physicians from two departments at one 
academic hospital setting. This choice produced a sampling bias 
as participation in the study was limited to one hospital. When ap-
proaching physicians in those two departments, two authors (DP 
and UV) were colleagues of participants, hence adding to the sam-
pling bias due to our convenience sampling strategy. Because of 
this familiarity, however, we believe interviewees were more likely 
to share and critically reflect on their lived experiences, which is 
an essential criterion for qualitative research and critical incident 
studies.42

Secondly, we interviewed physicians in the summer of 2021, 
about 15–18 months after the first Covid-19 patients arrived at our 
hospital. The temporal distance between critical incidents and the in-
terview may have produced difficulties in recalling the incident. Ac-
knowledging this recall bias, we understand that our study includes 
both a more or a less accurate recall of what happened during the 
critical incident, capturing what physicians thought in the moment. 
In addition, our study captures reflection on action43 in the form of 
reconstructions on decision-making reasoning and lessons learned 
that only transpired at the point of the interview. There is a possible 
upside of temporal distance to a critical incident, as physicians may 
have had the opportunity to ruminate on their lived experience and 
actively engage in meaning making through conversations with col-
leagues, family, and friends.

CONCLUSIONS

During uncertain and complex times, physicians ground their de-
cision making on prior knowledge and experience; peer, team, 
and family consensus; available literature albeit anecdotal; and 
their instinct to do no harm. The informal and incidental learn-
ing that occurs during these times is centered around thoughtful 

experimentation (i.e., trial and error), poking at the periphery of 
a problem while trying to push boundaries to create new knowl-
edge, and building on prior experience. Strategically using this in-
formation to build curriculum in undergraduate medical education 
can improve learner familiarity with uncertainty and provide them 
with the tools to use uncertainty as an impetus for learning in the 
clinical arena.
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