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Abstract

Effective decision-making in crisis events is challenging due to time pressure, uncertainty, and
dynamic decisional environments. We conducted a systematic literature review in PubMed and
PsycINFO, identifying 32 empiric research papers that examine how trained professionals make
naturalistic decisions under pressure. We used structured qualitative analysis methods to extract
key themes. The studies explored different aspects of decision-making across multiple domains.
The majority (19) focused on healthcare; military, fire and rescue, oil installation, and aviation
domains were also represented. We found appreciable variability in research focus, methodology,
and decision-making descriptions. We identified five main themes: (1) decision-making strategy,
(2) time pressure, (3) stress, (4) uncertainty, and (5) errors. Recognition-primed decision-making
(RPD) strategies were reported in all studies that analyzed this aspect. Analytical strategies

were also prominent, appearing more frequently in contexts with less time pressure and explicit
training to generate multiple explanations. Practitioner experience, time pressure, stress, and
uncertainty were major influencing factors. Professionals must adapt to the time available, types
of uncertainty, and individual skills when making decisions in high-risk situations. Improved
understanding of these decisional factors can inform evidence-based enhancements to training,
technology, and process design.

Keywords

decision-making; high-risk events; simulation; healthcare; recognition-primed decision-making;
naturalistic decision-making; decision-making strategy; time pressure; stress; uncertainty; errors

Introduction

Decision-making is particularly challenging in acute situations such as trauma care and fire
and rescue, due to the time pressured nature of the events, and the uncertain and dynamic
environments in which they occur. An important line of research has been the study of

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reale et al.

Page 3

naturalistic decision-making in complex, high-risk settings, yielding descriptive models at
different levels of generalizability. Four high-level categories of decision-making strategies
have been described (Kahneman & Klein, 2009; Klein, 1993; Pauley et al., 2011, 2013;
Rasmussen, 1983), including: (1) Recognition-primed decision-making (RPD) (sometimes
referred to as “intuitive™), (2) analytical, (3) rule-based, and (4) creative or innovative.

The RPD model describes the intuitive, pattern-based situational decision-making made by
experts in many domains (Klein, 1993). Analytical decision-making involves systematically
collecting and analyzing relevant information to decide the course of action (Kahneman &
Klein, 2009). Rule-based decision-making involves following a known protocol or algorithm
to respond to an event or situation (Rasmussen, 1983). Creative or innovative decision-
making occurs in unusual situations where standard approaches do not apply, and adaptation
is required (Kaempf et al., 1996).

These decision-making strategies are not necessarily distinct. For example, rule-based
decisions are sometimes made as part of RPD. When decision makers recognize a situation
as routine, they may choose actions based on standard operating procedures or rules. In
other cases, decision makers recognize that standard rules do not apply and come up with
an innovative decision as part of RPD. Rule-based decision-making is also used to describe
situations in which a (generally inexperienced) decision maker blindly applied rules without
adequately understanding the situation.

Healthcare routinely requires decision-making within inherently uncertain situations;
however, medical decision-making varies depending on the nature of the patient care.
Studies have found that clinical decision-making in slow-paced situations (e.g., chronic
care) frequently includes normative (analytical) decision-making (Eddy, 1996). Less is
known about decision-making in acute, high-consequence naturalistic environments. For
instance, in the field of anesthesiology, clinicians must respond, often quickly, to acute
multivariate alterations in patient physiology during dynamic conditions. An early model
of anesthesiology decision-making by Gaba and colleagues (2014) identified multiple
phases of decision-making, including event recognition, problem solving, ongoing situation
awareness (or sense-making), iterative cycles of treatment and diagnosis, escalation of care,
and resource management, and suggested that anesthesiology decision-making incorporates
recognition-primed, analytic, and rule-based decision strategies. Trauma resuscitations
represent another high-risk clinical domain in which decisions must be made quickly, often
with limited information. Groombridge et al., (2019) conducted a systematic review to
evaluate the effect of stress on decision-making during resuscitations, finding both stressors
(e.g., fatigue and noise) and mediators (e.g., checklists) that affected decision-making.

To improve patient outcomes, we need to better understand strategies skilled performers use
to manage critical events and the complexities that make errors more likely. In this study,

we sought to identify decision-making strategies used by skilled performers in responding to
critical events across domains through a systematic review of the literature.
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We conducted a systematic literature review to identify decision-making strategies used
during such events. Our primary inclusion criteria included empirical studies of the cognitive
and behavioral aspects of naturalistic decision-making by professionals during high-risk
events. We excluded studies of routine decision-making and those exploring decision-
making by teams or laypersons. Table 1 lists our full inclusion and exclusion criteria.

Data Collection

In consultation with a health science information specialist in the Eskind Biomedical Library
at Vanderbilt University School of Medicine, we identified and pilot-tested candidate search
terms in PubMed and PsycINFO. We used an automated strategy (i.e., adding “NOT” logic
statements) to electronically exclude decision-making topics not relevant to our search that
otherwise would have been captured by our key inclusion search terms to help reduce

the amount of manual title and abstract review required. The final search strategy was a
combination of free-text and controlled vocabulary (MESH terms), yielding 759 papers

in PubMed and 258 in PsycINFO (1017 total from our search term strategy) published

by October 26, 2021 (see Online Appendix 1 for detailed search terms). We then added

44 papers identified by reference list review (13) or recommended by members of the
research team (31) to supplement the papers identified by our search terms and reduce

the risk of missing relevant studies (Flottorp et al., 2013; Horsley et al., 2011). Two

research team members (CR and SA) independently reviewed the titles and abstracts for
relevance, reaching consensus for any disagreement. This process eliminated papers that did
not meet our inclusion criteria (951), as well as duplicates (26), non-peer reviewed papers
(4), and papers without an abstract available (11). All papers deemed relevant to the research
question were subjected to a complete review (69).

Although decision-making during high-risk events has been studied in many domains,
findings are difficult to generalize because investigators use different methods and
characterize findings using different labels (Militello & Anders, 2018). To facilitate our
synthesis of these 69 diverse studies, we developed a structured rubric (see Online Appendix
2), based on a synthesis of 24 existing models (Anders et al., 2022; Reale et al., 2021)
relevant to naturalistic decision-making. We analyzed each model, extracted its essential
components, and synthesized them into a consolidated working model for naturalistic
decision-making. The major components of this synthesized model informed the rubric’s
content (e.g., factors affecting decision-making, such as the environment or participant
characteristics; phases of the decision-making process such as recognizing, critiquing, or
implementing; and factors associated with successful or poor decisional performance).
Following iterative pilot testing, we used this rubric to qualitatively code key findings and
characteristics of the studies under review (e.g., domain, methods, and research objectives)
to facilitate synthesis of results across domains and different research approaches.

The research team completed an initial review of five papers using the proposed rubric
and met regularly throughout this process to reach consensus on rubric structure and code
application. Six research team members reviewed the remaining 64 papers using the final
rubric. Each reviewer flagged any papers that warranted a second reviewer. Two additional
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research team members reviewed any papers that were flagged, including those for which
the reviewer was unsure whether it met inclusion criteria. Thirty-two of the sixty-nine
reviewed papers (46%) were included in the final analysis (see Figure 1).

Data Analysis

Results

We divided the 32 articles across three research team members who each systematically
analyzed their assigned papers (Table 2). Each researcher read the paper and extracted the
key findings to the rubric. The three researchers (CR, SA, and MS) discussed the findings
and identified themes that emerged from the data. We then organized the extracted results
into the identified themes. One researcher (CR) then reviewed the team’s extracted results
to identify key similarities and differences within each theme. The same researchers met
regularly during this synthesis process to review progress and reach consensus on the
interpretation of the extracted findings.

Across the different domains of study in the 32 papers, we found appreciable variability

in research focus, methodology, and descriptions of decision-making factors, which made
synthesis challenging. Nevertheless, the structured analysis identified five main themes: (1)
type of decision-making strategy, (2) time pressure, (3) stress, (4) uncertainty, and (5) errors.
We present the relevant findings within each of these themes, followed by a summary of the
evidence of how each theme impacts decision-making performance.

Decision-Making Strategies

Ten studies explored the overall strategy or strategies used to make decisions in acute,
dynamic, high-risk events. Table 3 summarizes the domains, types of events studied,
frequency of strategies observed, and descriptions used to classify decision-making
strategies across the 10 studies. Four high-level categories of decision-making strategies
were described: (1) recognition primed, (2) analytical, (3) rule-based, and (4) creative or
innovative. Not all studies included all four categories in their analysis, and some did not
separate rule-based from RPD. The level of detail provided about the decision-making
strategies used ranged from detailed analysis of decision-making processes by incident
(Cohen-Hatton et al., 2015; Kaempf et al., 1996) to summary statements in the Discussion
(DeAnda & Gaba, 1991; Thompson et al., 2009).

Healthcare dominated the domains studied (7 of 10 papers) with additional studies
representing military commanders, firefighters, and offshore oil installation managers.
Research methods and study design varied although 9 of 10 studies used interview methods
to explore this question. Critical decision method (CDM) was the most common interview
technique (5) (Flin et al., 1996; Kaempf et al., 1996; Pauley et al., 2011, 2013), followed
by video-cued recall (2) (Cohen-Hatton et al., 2015; Pelaccia et al., 2014), post-simulation
debrief interviews (1) (DeAnda & Gaba, 1991), and unstructured interviews (1) (Cioffi,
2000). Three studies involved simulations of varying fidelity, with two of these including

a post-simulation interview as part of the data collection methods (DeAnda & Gaba, 1991;
Flin et al., 1996; Thompson et al., 2009). Two studies complemented interview data with
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separate video analysis (Cohen-Hatton et al., 2015; DeAnda & Gaba, 1991) and one
study involved direct observation of real-world cases followed by post-event interviews
(Cristancho et al., 2013).

While it is likely that not all the events examined in this subset of studies rose to the level
of a “crisis,” they appear to reasonably represent situations where the decision maker had
to perform under stress and with a degree of inherent risk to the outcome. Furthermore, not
all the events under study were time pressured. Several studies included a mix of high and
low time pressure incidents (Cohen-Hatton et al., 2015; Pauley et al., 2011, 2013), and one
study manipulated this factor as an intervention in their experimental design (Thompson et
al., 2009).

When is RPD Used?

All 10 studies found that trained professionals use strategies consistent with RPD during
acute event management. Of these, seven referred to RPD specifically while the other three
used the more general term “intuitive” decision-making. We will use the term RPD herein
for all 10 studies’ findings. Recognition-primed decision-making was the most frequently
identified strategy across all of the studies except in the surgery domain.

Two of the three studies involving surgeons found an RPD strategy was employed about
half of the time (Pauley et al., 2011, 2013). In the third study of surgeons (Cristancho et al.,
2013), the authors developed a decision-making model that parallels RPD while noting that
a key difference in the surgical domain is the presence of a preoperative plan the surgeon
developed, based on known patient information before starting the procedure. This model
describes a three-stage process that included a “reconciliation cycle” or cognitive shift that
occurred when the surgeon detected any challenges to the pre-op plan. Aspects of this
“reconciliation cycle” were consistent with RPD—aobtaining information (relevant cues),
weighing information against expected operative course (expectancies), and projecting
future actions (mental simulation).

When is Analytical Decision-Making Used?

The two studies of surgeons’ decision-making processes found analytical strategies were
employed in half of the cases (Pauley et al., 2011, 2013). In one study (Pauley et al., 2011),
surgeons reported only brief consideration of multiple options. In other domains, analytical
strategies were infrequently observed. Among naval officers (Kaempf et al., 1996), the few
cases of analytical strategy occurred at less critical decision points. Emergency physicians’
use of analytical strategies occurred when they were ensuring no possible diagnoses had
been missed (Pelaccia et al., 2014).

When is Rule-Based Decision-Making Used?

Strictly rule-based strategies were rarely identified, although it’s unclear how frequently
rule-based factors may have come into play in the studies that failed to separate this strategy
from RPD (Flin et al., 1996; Kaempf et al., 1996). In the oil installation study (Flin et al.,
1996), following standard operating procedure was a frequent aspect of the RPD strategies
identified. One of the studies of surgeons (Pauley et al., 2011) categorized a single case as
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using a rule-based strategy, but this case also had RPD characteristics. While not explicitly

identifying rule-based processes, it was noted that many nurses used the organization’s early
warning score system’s protocol guidance in their decision-making (Thompson et al., 2009).
This suggests that both RPD and rule-based strategies may be used during the same incident.

When is Innovative/Creative Decision-Making Used?

Innovative or creative decision-making strategies were rarely identified, although most
studies did not explicitly look for them. One study reported a single occurrence of a

novel strategy (Kaempf et al., 1996). However, in a separate interview-based study of
“least-worst” decision-making in critical incidents not included in Table 3, Shortland et

al. specifically inquired about situations encountered by Armed Forces personnel where
there was no established policy to follow nor any previous experience or training to draw
upon when deciding between options. Although rare, most participants had encountered a
unique decision-making situation in their military career and, given the ambiguous nature of
the situation, a “more adaptive, potentially creative” decision-making strategy was required
(Shortland et al., 2020).

How do Decision-Makers Implement RPD Strategies?

Recognition-primed decision-making-based strategies were by far the most identified
decision-making strategies employed by trained professionals in high-risk events. Eleven
studies (seven of the ten studies listed in Table 3 plus four additional studies) explored
specific aspects of RPD strategies in more detail. Several studies suggested that the phases
of the RPD model do not require completion in a rigidly stepwise manner; they may be
skipped, overlap, or performed in different orders as the situation evolves (Cohen-Hatton et
al., 2015; Cohen-Hatton & Honey, 2015; Cristancho et al., 2013; Kaempf et al., 1996).

Mental simulation, or evaluating a recognition generated course of action, is a step of the
RPD model that may frequently be skipped. In a study of naval tactical action officers,
Kaempf et al. (1996) delineate differences between simple forms of RPD where the
decision-maker confidently recognizes the situation and generates an appropriate course

of action without further evaluation of options, and more complex forms of RPD that

call for mental simulation of the generated action to test how it will play out in that

context. In that study, 78% of the recognition-generated actions were implemented without
further evaluation. The naval officers’ primary concerns appeared to be situation assessment,
not weighing alternative actions. Many of the incidents included determining whether an
incoming track was hostile or friendly. High consequences, intense time pressure, as well

as standardized procedures and rules of engagement likely contribute to the emphasis on
assessment (Kaempf et al., 1996). In contrast, in the largely unstandardized surgical domain,
where minutes rather than seconds may be available, mental simulation is often described
as an element of decision-making. Although the prevalence was not quantified, surgeons
commonly reported a process of thinking ahead about the pros and cons of their preferred
option to ensure it was safe (Cristancho et al., 2013; Pauley et al., 2011, 2013).

McLennan and Omodei (1996) describe how firefighters, on the drive to the scene, mentally
simulate aspects of the situation they are likely to confront upon arrival based on the initial
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available information. This finding extends the traditional RPD model, which described
“experiencing the situation” as the starting point of the RPD process, to account for this
“prepriming” that allows the individual to arrive on the scene with several likely scenarios
and possible responses in mind. Likewise, Pelaccia et al. (2014) found that almost all of the
emergency physicians generated at least one diagnostic hypothesis when they received initial
patient information before meeting the patient, and one quarter of all hypotheses captured
during the study were generated before the patient had been seen. Novice emergency
medicine physicians reported an analogous pre-event process in which they mentally
rehearsed their information-gathering plan and considered potential differential diagnoses
before seeing the patient to decrease their discomfort from uncertainty and improve their
chances for successful decision-making (llgen, Regehr, et al., 2021). Thus, the RPD process
frequently begins upon receipt of any situational information.

Cognitive activities during fire and rescue incident commanders’ situation assessment were
primarily perception and understanding, not anticipating or formative planning activities
(Cohen-Hatton et al., 2015). Eighty-seven percent of naval officers’ situation assessment
involved feature-matching (i.e., matching specific patterns of available environmental

cues to identify the presenting situation) (Kaempf et al., 1996). If there was insufficient
information to trigger recognition or available cues were contradictory, they relied on story
building (12% of the time) by mentally simulating from prior experience to make sense of
the current situation.

Experience was important to the effectiveness of situation assessment. Experienced fire and
rescue incident commanders were more likely to follow initial plan formulation activities
with plan execution rather than delaying to further assess the situation, especially in

higher risk incidents with greater time pressure (Cohen-Hatton et al., 2015). In contrast,
less experienced firefighters gathered additional information to better understand the
situation before acting. More experienced surgeons detected critical intraoperative cues
(i.e., a pulsating artery to confidently identify key anatomical structures) more frequently
than residents (Dominguez, 2001). Similarly, the time it took anesthesiologists to detect

a problem in a simulated crisis event generally decreased with increased professional
experience (DeAnda & Gaba, 1991).

Kaempf et al.’s (1996) work with naval commanders also expanded the traditional RPD
model to incorporate more complex forms of recognitional decision-making by including
an iterative “diagnosing the situation” loop within the situation assessment phase; this
occurs when a situation is not confidently recognized as typical. The authors state, “Even
though a comparison is needed between hypotheses, this still fits the intent of the RPD
model to explain how people can make decisions without comparing different courses of
action” (Kaempf et al., 1996). Physicians’ differential diagnosis process when encountering
emergency patient cases may share characteristics with this “diagnostic cycle” (Hausmann
et al., 2016; Pelaccia et al., 2014). However, emergency physicians’ diagnostic testing and
ranking process appears to occur continuously throughout a crisis event and not just as

an initial step. The available studies provide insufficient evidence to determine how the
differential diagnostic process relates or extends to decisions about actions.
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Time Pressure

How does Time Pressure Affect Decision-Making?

Stress

Time criticality may vary considerably between domains and types of crisis events even
when the situation is extremely high risk (Cohen-Hatton et al., 2015). Time availability is

a critical aspect of situation assessment that the decision maker must consider (Axelsson

& Jansson, 2018; Cohen, 2008; Flin et al., 1996; Orasanu et al., 1993). Cohen-Hatton et

al. (2015) describe an incident where firefighters responding to a road traffic collision that
trapped a seriously injured driver in the vehicle determined that the injuries were not “time-
critical” and therefore the safer, but more time-consuming, extraction plan could be enacted.
Eye-tracking data from expert physicians leading trauma resuscitations revealed that a
frequent focus of cognitive activity was maintaining temporal awareness and recognizing
the need to expedite tasks based on the time available (White et al., 2018). Orasanu et

al. (1993) identified poor estimation of time constraints and time availability as potential
sources of error.

A related finding is the effect of time pressure more generally. Case studies of decision-
making by a fighter pilot and a battlefield physician concluded that time pressure impacts
decision-making strategy along two dimensions: the degree of time pressure to: (1) make

a decision and (2) implement the decision (Cohen, 2008), suggesting that time pressure is
associated with more automatic decisions and implementation of actions. Conversely, when
time pressure is lower (Weinger et al., 1994), other cognitive decision-making approaches
and systematic implementation are possible. Similarly, a task analysis study spanning five
different domains (truck drivers, train engineers, train dispatchers, high-speed ferry drivers,
and intensive care nurses) found that decision-maker’s assessment of time criticality forms
a “mental time frame” that impacts decision-making strategies (Axelsson & Jansson, 2018).
When time pressure was higher, expert decision-makers tended to drop non-critical tasks

to focus on the most pressing matters; however, when time pressure was low, these experts
were able to employ proactive planning.

Studies of pilots, oil installation managers, and nurses reported similar findings. They relied
on fewer available cues to make satisfactory, rather than optimal, decisions when under
time pressure (Flin et al., 1996; Mosier et al., 2007; Yang et al., 2014). Two studies where
participants self-reported subjective time pressure after the event found it had no significant
effect on emergency physicians’ diagnostic or surgeons’ intraoperative decision-making
strategies (Hausmann et al., 2016; Pauley et al., 2011).

How does Stress Affect Decision-Making?

Stress is a subjective state inherent to decision-making in acute crisis situations (Cohen,
2008). Although one qualitative interview study identified some positive effects of stress on
decision-making (Wetzel et al., 2006), namely, enhancing alertness, concentration, or focus,
most relevant studies found stress to negatively impact decision-making.

High levels of stress disrupt cognition (Tallentire et al., 2011; Wetzel et al., 2006). In a focus
group study, resident physicians reported feeling overwhelmed, panicked, unable to think,
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or paralyzed by stress when faced with diagnostic uncertainty in high pressure situations
(Tallentire et al., 2011), described as pervasive and sometimes debilitating. Similarly, an
interview study reported that “most surgeons had experienced situations in which they

were unable to think clearly” when experiencing high stress (Wetzel et al., 2006). As a
result of excessive stress, the surgeons described difficulty analyzing problems logically
and determining the next step, even in situations where decision-making would normally be
straightforward. Non-productive emotional responses (e.g., feeling the need to rush to think,
decide, or act) and behavioral responses (e.g., fixation on a technical problem or reduced
communication) contributed to decision-making difficulties under stress. Experience can
play an important role in an individual’s ability to use effective coping strategies to mitigate
the impact of stress on decision-making; senior surgeons described sophisticated coping
techniques (e.g., using deliberate physical relaxation techniques as soon as internal stress
cues were detected) while junior surgeons described more fragmented responses and less
certainty about their ability to cope (Wetzel et al., 2006).

Twelve studies explored aspects of uncertainty during decision-making, characterized as
either an attribute of the environment (i.e., the decision-maker faced incomplete, outdated,
inaccurate, or conflicting information) or personal (i.e., the decision-maker was uncertain
about what to do in the situation). However, Shortland et al. identified a third category—
“exogenous” uncertainty, or confusion about the roles and actions of others involved in the
incident—as an understudied factor influencing decision-making (Shortland et al., 2020).

How does Environmental Uncertainty Affect Decision-Making?—There is
generally limited time available to gather information during a crisis, so managing
uncertainty is a necessity. When a situation was poorly understood, naval officers responded
by preparing for the worst-case scenario, such as taking defensive actions to reduce the
effects of an attack on the ship (Kaempf et al., 1996). In the face of informational

conflicts, aircraft pilots took more time gathering and confirming information compared
with situations with consistent situational cues (Mosier et al., 2007). Physicians reported
diagnostic uncertainty in emergency encounters and trauma resuscitations (Pelaccia et al.,
2014; White et al., 2018). Experienced emergency physicians actively remained open to
alternative hypotheses as new information emerged to avoid premature closure (failing to
consider reasonable alternatives after identifying an initial diagnosis) or anchoring bias
(overreliance on the initial information received) (Pelaccia et al., 2014). Newly trained
physicians described discomfort initiating treatment when faced with diagnostic uncertainty
(Tallentire et al., 2011). This led to prematurely choosing a diagnosis and fixation on this
initial diagnosis, even when subsequent information was disconfirming or inconsistent.
Alternatively, experienced emergency physicians used those feelings of uncertainty as

a trigger to focus their cognitive resources more intentionally, such as increased cue
monitoring, stepping back to deliberately review the situation, and anticipating resources
needed to manage potential consequences (Ilgen, Teunissen, et al., 2021).

How does Personal Uncertainty Affect Decision-Making?—A study exploring
how residents dealt with uncertainty during actual critical incidents found stress and
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uncertainty to be strongly correlated (Hamui-Sutton et al., 2015). Other studies found

that knowledge and skill-based uncertainty among newly trained physicians hinder decision-
making performance, including making decisions about clinical interpretations, indications
for procedures, goals of care, and when to escalate care (Farnan et al., 2008; Hamui-Sutton
et al., 2015; llgen, Regehr, et al., 2021; Tallentire et al., 2011). When caring for acutely
unwell patients or during critical incidents, resident physicians were frequently uncertain
about how to apply abstract knowledge to a specific clinical situation (Hamui-Sutton et al.,
2015; Tallentire et al., 2011). In response, these residents reported focusing on a specific
task, such as locating equipment or placing an intravenous line, to distract them from the
diagnostic uncertainty and avoid making tough decisions (Tallentire et al., 2011). These
inexperienced physicians reported being reluctant to make decisions in acute situations
because their fear of doing the wrong thing was worse than the consequences of doing
nothing.

In one study, nurses sought input from their peers to help determine whether patients
exhibiting potential signs of deterioration warranted a call to the emergency response team;
less experienced nurses typically sought guidance from more experienced nurses (Cioffi,
2000). Similarly, Farnan et al. (2008) found that American medical residents followed

a distinct “hierarchy of assistance” to attempt to resolve uncertainty that started with

the literature and their peers and then moved sequentially to individuals with increasing
seniority (Farnan et al., 2008). In contrast, Hamui-Sutton et al. (2015) reported that medical
residents in Mexico City commonly coped with decision-making uncertainty by seeking
input from senior physicians (almost half of the cases) and much less frequently consulted
informational resources (9%) or their peers (8%). These coping strategies appeared to
operate in parallel and did not follow a clear stepwise progression. In 9% of decisions made
during critical incidents in the face of uncertainty, the residents did not review any additional
resources or seek help from others. We do not know if the different findings of Franan et al.
(2008) versus Hamui-Sutton et al. (2015) are due to differences in culture, medical training,
healthcare system expectations, or other factors.

Several studies reported that newly trained surgeons, resident physicians, and nurses
experienced uncertainty and reluctance to call for help in stressful acute patient care
situations (Cioffi, 2000; Tallentire et al., 2011; Wetzel et al., 2006). Resident physicians
described feeling the need to prove themselves before seeking help, and that they had to take
a certain number of actions before calling a senior physician for help to avoid perceptions

of “weak” performance (Tallentire et al., 2011). Similarly, nurses worried not only whether
they were making the right decision to call for help but also feared feeling foolish if they did
call and it was later determined that intervention was unnecessary (Cioffi, 2000).

What Factors Contribute to Decision-Making Errors?

Orasanu et al.’s (1993) study suggested that the primary cause of pilot decision errors
was limitations in human cognition, specifically limited attention, working memory, and
long-term memory retrieval. Stress can disrupt these processes, increasing the potential
for decision-making errors during high-risk, high-pressure crisis events. Their analysis of
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simulated flight crew events and aviation accident reports revealed errors across the entire
decision-making process, including failures to recognize a situation or relevant options,
neglecting important information or tasks, and misjudging the degree of time pressure or
risk.

Poor risk assessment may be due to “cognitive biases such as expectancy effects and over-
reliance on representativeness” (Orasanu et al., 1993). Experience also plays an important
mediating role. In a study of fire incident commanders, experienced commanders maintained
awareness of the hazards and actively monitored for and employed strategies to mitigate
them as incidents progressed (Bearman & Bremner, 2013). More experienced surgeons were
more aware of safe versus unsafe operating conditions than were residents during review of
a critical incident vignette (Dominguez, 2001). While most surgeons who did not detect a
critical situational cue (anatomical landmark) made the decision to revise the surgical plan
due to the increased risk of patient injury, 30% of residents who failed to detect the critical
cue continued with the original plan. The inexperienced surgeons failed to recognize or
discuss the increased risk of the situation and exhibited an inappropriately high comfort level
with continuing with the original plan.

Two studies of anesthesiologists analyzed fixation errors (i.e., persistent attention on
something other than the most critical problem) (DeAnda & Gaba, 1991; Xiao et al.,

1995). DeAnda and Gaba (1991) found that experienced anesthesiologists made fewer
overall errors, but of the same #ype, as anesthesiologist residents during simulated crisis
events. In fact, the frequency of fixation errors did not improve with experience. A video
analysis of anesthesiologists’ fixation errors during a trauma patient resuscitation concluded
that these errors were partially due to the complexity of the work environment and to the
strategies individuals used to deal with that complexity (Xiao et al., 1995). Key contributory
factors included unreliable monitoring devices that prompted repeated redundancy checks
and ongoing uncertainty about the patient’s often evolving status.

Social and contextual factors can exert subtle and diverse effects on decision-making and
will interact with other factors that also affect decision-making (Bearman et al., 2009).
Some contextual situations motivated pilots and fire incident commanders toward unsafe
behaviors (what the authors termed “goal seduction” or where the objective sought exerted
excessive pressure on their decision-making), while other situations motivated rejection of
safer decisions (“goal aversion” or trying to avoid situations perceived as averse) (Bearman
& Bremner, 2013; Bearman et al., 2009). In these studies, goal seduction often stemmed
from urgency (e.g., search and rescue flights) or time pressure (e.g., the need to get to the
destination or to a desired end outcome) (Bearman & Bremner, 2013; Bearman et al., 2009;
Orasanu et al., 1993). Situation aversion stemmed from personal comfort or inconvenience
(e.g., no overnight lodging in an area, or the desire to leave the incident as soon as the fire
was extinguished). These factors may contribute to a tendency to persist with a plan despite
evidence suggesting it should be revised.

Performance

In addition to the findings about decision-making errors described above, a few studies
examined the impact of the other major themes we identified on decision-making
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performance, namely, decision-making strategy, time pressure, and stress. None of the
reviewed studies measured how uncertainty affects decision-making performance.

How does the Decision-Making Strategy Affect Performance?—We did not find
much evidence to specifically connect a particular strategy to performance outcomes. Two
studies (Cohen-Hatton & Honey, 2015; Johnston et al., 1997) attempted to manipulate
decision-making strategies through training. In a simulated naval task to classify radar
targets (Johnston et al., 1997), participants were trained to use either an RPD or analytical
strategy. Participants using an RPD strategy performed better (i.e., more accurate target
identification) than those using an analytical strategy. In another study describing three
experiments (virtual reality and in-person simulations) to measure the impact of goal-
oriented training on fire incident commanders’ decision-making processes (Cohen-Hatton &
Honey, 2015), some participants were trained to use a more analytical strategy. The trained
participants exhibited more reflective processes (analytical plan formulation activities)
without increased response time. However, this study did not assess if the training impacted
decision effectiveness.

When assessing patient risk to determine whether to intervene during simulated patient
deterioration, nurses tended to rely on intuitive decision-making strategies (Thompson et
al., 2009). However, these same nurses underestimated the importance of key clinical
information, and their resulting intervention decisions were largely inaccurate when
compared with patients’ actual outcomes. However, the study could not conclude whether
the intuitive decision-making strategy was the cause of the poor performance.

How does Time Pressure Affect Performance?—Two studies found a negative
impact of time pressure on decision-making. Pilots completing scenarios in simulated
cockpits were less accurate in diagnosing problems and deciding on appropriate responses
when under time pressure, especially when informational cues were conflicting (Mosier

et al., 2007). Since pilots who checked more information were more accurate overall, the
authors attributed the poorer performance to reduced information search in response to time
pressure, causing the pilots to miss relevant information cues.

Thompson et al. (2008) found that time pressure decreased the likelihood that nurses
would intervene in low fidelity simulated scenarios of patients exhibiting potential signs

of deterioration. As a result, there were slightly fewer false alarms but a significantly
greater number of misses (Thompson et al., 2008). All nurses performed the decision

task better without time pressure regardless of general years of clinical experience. While
more experienced critical care nurses performed slightly better than general ward nurses
without time pressure, under time pressure there was no difference in performance between
these groups. However, a high-fidelity simulation study by Yang et al. (2014) produced
contradictory results regarding the effect of time pressure on nurses’ ability to assess
patient’s risk of deterioration: Decision-making accuracy was similar whether under time
pressure or not (Yang et al., 2014). The authors suggested that the nurses may have
perceived the time pressure intervention as “mild,” and thus had less impact on performance
than expected.
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How does Stress Affect Performance?—Only one study quantitatively measured the
impact of stress on decision-making performance (Johnston et al., 1997). Johnston et al.
trained naval personnel to use either an intuitive or an analytical decision-making strategy
when performing simulated tasks to classify radar targets. High stress levels were added

to some scenarios through a combination of auditory distraction, time pressure, and task
load. Independent of the decision-making strategy, participants reported significantly greater
stress and made fewer accurate decisions when performing tasks under the high-stress
condition.

Discussion

The wide array of study foci and methods made synthesis of this evidence base challenging.
Despite this, we found intuitive decision-making strategies consistent with RPD the most
prevalent approach used by trained professionals during acute, dynamic situations. This is
consistent with Kahneman’s characterization of system one and system two (Kahneman,
2011). We found little support for Hammond’s notion of a cognitive continuum suggesting
that decision-making may not be simply intuitive oranalytic, but in many cases may
include a combination of intuition and analysis (Hammond, 1980). An important exception
is Keampf et al.’s description of analysis of competing hypotheses within the RPD

process (Kaempf et al., 1996). Time pressure, stress, and individual uncertainty may have
important negative effects on a practitioner’s decision-making abilities in crisis situations if
appropriate coping skills are lacking.

Perhaps the biggest takeaway from this effort is that substantial knowledge gaps persist

in the literature. Table 4 highlights some of the specific gaps we uncovered through our
review and suggests potential opportunities for future research design to fill in these gaps.
As depicted in Table 4, there may be value in a taxonomy of decision strategies that
facilitates communication across domains of study so that consumers of decision-making
studies can better assess how relevant a specific study is to their own domains. A taxonomy
with standardized definitions of decision strategies might lead to more understanding and
discussion of boundary conditions for various decision strategies, how operators shift
decision strategies as the demands of a situation change, and how prepriming might
influence decision-making.

Of particular interest is how to support operators in managing time pressure, stress, and
uncertainty. One’s ability to cope with these demands is important for effective decision-
making in crisis management and should be more tangibly incorporated into training and
decision aids to improve performance outcomes. Perception of time criticality appears

to impact decision-making strategies and performance. The ability to effectively assess
and adapt to time pressure during critical or high-stakes events is a characteristic of
expertise (Tole et al., 1982). Groombridge et al. (2019) conducted a systematic review

of stress and decision-making during resuscitation that found exposure to stressors, such
as patient illness severity, noise, time-pressure, and fatigue, negatively impacted decision-
making. These stressors were found to be mitigated using a combination of resuscitation
cognitive aids and teaching stress management (Groombridge et al., 2019). Consistent with
Lowenstein’s (Loewenstein et al., 2001) concept of risk as feelings, studies have found
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nonproductive emotional responses (e.g., feeling the need to rush, feelings of urgency to
think, decide, or act) and behavioral responses (e.g., fixation on a technical problem or
reduced communication) contributed to decision-making difficulties under stress (Chrouser
etal., 2018).

Therefore, it seems reasonable to deliberately train less experienced practitioners to assess
situational time constraints and the degree of associated stress, for example, in realistic
simulated acute scenarios. Indeed, there is a long tradition of stress inoculation in the
military in which trainees are educated about stress response, coached regarding cognitive
and behavioral strategies for managing time pressure and other stressors, and asked to
perform in a range of stressful contexts (Robson & Manacapilli, 2014). For example, they
may be asked to accomplish key tasks when fatigued, in the dark, while being shot at,

with loud noises, or wearing bulky equipment. Although research on the effects of stress
inoculation on performance is limited, there are some promising results. One study found
that military personnel exposed to stress inoculation training performed better on a flight
task in a virtual environment than those who did not (McClernon, 2009). Another found that
participants exposed to stress inoculation training were able to hold their breath during cold
water immersion longer than the control group (Barwood et al., 2006). Combining training
with decision aids that reduce cognitive workload under stress may amplify positive effects.

The discussion of the effects of stress on decision-making begs the question of whether
different stressors affect performance differently. Future studies exploring this issue

should consider that in reality stressors, such as uncertainty, time pressure, and fatigue,
often co-occur and their impact is likely mediated by experience. Rather than taking a
decompositional approach, research to characterize the effects of stressors may benefit from
a focus on adaptive skill as a component of expertise to be understood and trained. In fact,
some argue that adaptive skill is a requirement for expertise, and therefore exposing study
participants and learners to training scenarios that retain real-world complexities such as
time pressure, uncertainty, and other stressors is critical to skill acquisition (Ward et al.,
2018).

More research is needed to better understand how to best support decision-making in
critical situations, especially the effectiveness of training on modifying decision-making
approaches. The effectiveness of a decision-making strategy depends on many individuals,
task, and contextual factors, which could be linked to performance to better understand
decision-making in context (Kahneman & Klein, 2009). Studies that characterize stressors
and complexities are likely to inform both our understanding of how skilled practitioners
manage these demands and effective strategies for training adaptive performance. Error
management training has shown encouraging results (Dyre et al., 2017; Franklin et al., 2021;
Keith & Frese, 2008; Ziv et al., 2005). This approach could be expanded to develop training
that focuses on presenting conditions likely to induce errors, including time pressure, stress,
and uncertainty, so that learners have an opportunity to practice adapting decision strategies
to cope with these demands. The RPD model implies that training that includes both
recognizing critical cues and acting is likely to support skill acquisition. This notion of
assessment-action pairing is believed to support development of the executive function
needed to quickly size up a situation and act (Militello et al., 2023). Part-task training that
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separates activities that occur in parallel (such as assessment and action in time-pressured,
dynamic tasks) may have detrimental effects (Wickens et al., 2013).

Although there was insufficient evidence to draw further conclusions about differences in
decision-making strategies in acute or crisis situations across professional domains, we
did note two nuances within the healthcare context. First, the surgical domain appears

to rely more heavily on analytical strategies than other domains, even other healthcare
specialties (Pauley et al., 2011, 2013). Cristancho et al. (2013) assert that the existence

of a preoperative plan may be a particularly important component of decision-making in
elective surgical cases. The presence of a patient-specific pre-op plan developed based on
all available relevant information prior to initiating the surgery does shape the surgeon’s
subsequent decision-making during the actual case. However, the degree to which this
preplanning influences decision-making strategies when something unexpected occurs

(or during emergencies when such plans are less well informed) remains unclear. This
preoperative decision-making process may be analogous to an extended form of the advance
cognitive work McLennan and Omodei (1996) identified in their study of firefighters prior
to arriving on the scene, or the “mission rehearsal” activities commonly used in military
settings in which team members mentally simulate a mission before it begins (Krebs et al.,
1999). It is possible that a more formalized preparatory cognitive process may be useful if
employed in other domains.

Second, physicians’ process of generating diagnostic hypotheses (e.g., differential
diagnoses) is largely consistent with RPD—use of intuitive reasoning, pattern matching,
and recognition based on past experiences (Farnan et al., 2008). However, the emergency
physician studies reviewed (Hausmann et al., 2016; Pelaccia et al., 2014) suggest there may
be some important aspects of this cognitive process that do not fit neatly within the RPD
model. For example, although physicians often generate a leading diagnostic hypothesis
rapidly based on their situation assessment, they typically keep other diagnoses as open
options as they act while striving to confirm or disconfirm their leading diagnosis over
time. This differential diagnosis process reflects different medical training paradigms. More
research is needed to better understand how RPD overlaps with and differs from this
ongoing differential diagnosis weighting and ranking activity.

In this literature review, we did not explore research investigating the limitations of specific
decision strategies or how to avoid pitfalls associated with RPD, analytical, rule-based,

and innovative strategies. Our focus was on the characterization of skilled decision-making
in challenging domains; research focusing on poor performance and common pitfalls may
provide additional insights.

Conclusion

More than 30 years since Klein introduced the RPD model for naturalistic decision-making
(Klein, 1989), empirical evidence included in our systematic review continues to support
its ongoing relevance for decision-making during critical events across a wide range of
professional contexts. Our review of decision-making strategies used by skilled performers
in responding to critical events did not identify clear differences between domains.
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Recognition-primed decision-making strategies were consistently reported across the 32
studies we reviewed regardless of domain. Analytical strategies also play an important role
and appear to be more frequent in certain critical event tasks and contexts that generally
have less time pressure, and in those in which generating multiple explanations is explicitly
trained, with rule-based and creative strategies less frequently employed. Time pressure,
stress, and uncertainty are major factors in decision-making during crisis events. These
findings have important implications for training as skilled professionals must adapt decision
processes depending on the time available, the level and types of uncertainty, their own
experience and skill level, but also point to gaps requiring further research. A better
understanding of the role of these factors can help us target evidence-based enhancements to
practitioner training, and technology (e.g., decision support systems) and system design.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding

This research was made possible by funding from the Agency for Healthcare Research and Quality (AHRQ), grant
R18HS26158 to MBW, through the National Library of Medicine Institutional Training Program in Biomedical
Informatics and Data Science through the NIH, grant TL5LMO007450-19 to MES, and through AHRQ, grants
K12HS026395 and KO1HS029042 to MES. The content is solely the responsibility of the authors and does not
represent the official views of AHRQ or the NIH. This work was conducted as part of the project activities of

the Simulation Assessment Research Group (SARG). We acknowledge the contributions of the following SARG
members which did not meet the international criteria for authorship: John Boulet, PhD, Jeff Cooper, PhD,

Tram Duran, MD, Steve Howard, MD, Meredith Kingeter, MD, Adam Levine, MD, John Rask, MD, and Randy
Steadman, MD. The authors would also like to thank the medical students who assisted in the initial screening of
articles.

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication
of this article: This work was supported by the National Library of Medicine Institutional Training Program in
Biomedical Informatics and Data Science (T15LM007450-19) and Agency for Healthcare Research and Quality
(R18HS26158, K12HS026395, 1K01HS029042).

Biographies

Carrie Reale, MSN, RN-BC, is a board-certified nurse informaticist and human factors
researcher with the Center for Research and Innovation in Systems Safety (CRISS) at
Vanderbilt University Medical Center. Her research focus is on the application of human
factors methods to improve the safety and usability of healthcare technology, including
electronic health record user interfaces, clinical decision support tools, and medical devices.

Megan E. Salwei, PhD, is a Research Assistant Professor in the Department of
Anesthesiology and the Department of Biomedical Informatics at Vanderbilt University
Medical Center. She received her PhD in Industrial and Systems Engineering from the
University of Wisconsin-Madison.

Laura Militello is a co-founder and CEO at Applied Decision Science, LLC, and Chief
Scientist at Unveil, LLC. She is a leading authority on cognitive task analysis (CTA)
methods—the tools and techniques for uncovering human cognition and decision-making

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reale et al.

Page 18

behavior in complex settings. Her research includes applying cognitive engineering
principles and naturalistic decision-making methods to design for medical informatics,
medical devices, and military systems.

Matthew B. Weinger, MD, holds the Norman Ty Smith Chair in Patient Safety and

Medical Simulation and is a Professor of Anesthesiology, Biomedical Informatics, Medical
Education, and of Civil & Environmental Engineering at Vanderbilt University. He is the
Director of the Center for Research and Innovation in Systems Safety (CRISS) at Vanderbilt
University Medical Center.

Amanda Burden, MD, is a Professor of Anesthesiology, Vice Chair, Faculty Affairs, and
Director of Clinical Skills and Simulation at Cooper Medical School of Rowan University
and Cooper University Healthcare. Her areas of interest include patient safety, ending
disparities in healthcare and education, and the use of simulation in healthcare education
and assessment.

Christen Sushereba, MS, is a research associate at Applied Decision Science, LLC, where
she aids in all aspects of research including data collection, analysis, and design of solutions.
For the past 10 years, she has applied cognitive engineering and human factors methods

to a variety of research domains, including military pararescue, emergency response,
cybersecurity, electronic health record design, emergency medicine training, air traffic
control, workload, and human-automation teaming.

Laurence C. Torsher, MD, is an Assistant Professor of Anesthesiology and Medical
Education with the Department of Anesthesiology and Perioperative Medicine at Mayo
Clinic in Rochester MN. His research is geared toward using simulation in education of
medical students, residents, and practicing health care professionals.

Michael H. Andreae, MD, is a Professor of Anesthesiology at the University of Utah,
focuses his use of immersive simulation on research in healthcare disparity and research
ethics. Serving as the oral board examiner for the American Board of Anesthesiology,

and senior editor for the Journal of Clinical Anesthesia, Dr. Andreae is most interested to
leverage simulation to improve team performance and reflective practice in socially charged
medical crisis.

David M. Gaba, MD, is a Staff Anesthesiologist and Founder and Co-Director of the Patient
Simulation Center at VA Palo Alto Health Care System, as well as Associate Dean for
Immersive & Simulation-based Learning and Professor of Anesthesiology, Perioperative &
Pain Medicine at Stanford School of Medicine. His interests include human performance
and patient safety, applying the organizational safety theory to healthcare, and simulation
research.

William R. Mclvor, MD, is a Professor of Anesthesiology at the University of Pittsburgh
School of Medicine and the director of medical student education and simulation education
for the department of anesthesiology. His interests include screen-based (computer, VR,
and AR) simulation and using simulation to demonstrate competencies and milestone

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reale et al.

Page 19

achievements. He has received several departmental and institutional awards for his teaching
and is a Fellow of the American Society of Anesthesiologists (FASA).

Arna Banerjee, MD, is a Professor of Anesthesiology, Surgery, and Medical Education in the
Department of Anesthesiology and Critical Care Medicine at Vanderbilt University Medical
Center. She is the Assistant Dean for Simulation in Medical Education and directs the Center
for Experiential Learning and Assessment at VUMC. She also serves as an Assistant Vice
Chair for Faculty Development Programs in the Anesthesiology Faculty Affairs Office and is
the Executive Medical Director for Critical Care (Adult) VUMC.

Jason Slagle, PhD, is a Research Associate Professor in the Center for Research and
Innovation in Systems Safety (CRISS) at VUMC. Dr. Slagle applies human factors
principles and methods to address issues in a wide variety of actual and simulated clinical
domains. His research has focused on factors that affect the performance of clinicians (e.g.,
task distribution and workload, and coordination), unexpected clinical events, and the design
of decision support tools and health information technology.

Shilo Anders, PhD, is a Research Associate Professor in the Department of Anesthesiology,
Biomedical Informatics, and Computer Science at Vanderbilt University. Dr. Anders’
research interest is to apply human factors engineering as an approach to improve system
design, individual and team performance, and patient safety and quality in healthcare in
simulation and real-world environments.

REFERENCES

Anders S, Reale C, Salwei ME, Slagle J, Militello LG, Gaba D, Sushereba C, & Weinger MB (2022).
Using a hybrid decision making model to inform qualitative data coding. In Paper presented at the
International Symposium on Human Factors and Ergonomics in Health Care, New Orleans, LA,
20-23 March, 2022.

Axelsson A, & Jansson AA (2018). On the importance of mental time frames: A case for the need of
empirical methods to investigate adaptive expertise. Journal of Applied Research in Memory and
Cognition, 7(1), 51-59. 10.1016/j.jarmac.2017.12.004

Barwood MJ, Dalzell J, Datta AK, Thelwell RC, & Tipton MJ (2006). Breath-hold performance during
cold water immersion: effects of psychological skills training. Aviation, Space, and Environmental
Medicine, 77(11), 1136-1142. [PubMed: 17086766]

Bearman C, & Bremner PA (2013). A day in the life of a volunteer incident commander:
errors, pressures and mitigating strategies. Applied Ergonomics, 44(3), 488-495. 10.1016/
j.apergo.2012.10.011 [PubMed: 23273750]

Bearman C, Paletz SB, & Orasanu J (2009). Situational pressures on aviation decision making: Goal
seduction and situation aversion. Aviation, Space, and Environmental Medicine, 80(6), 556-560.
10.3357/asem.2363.2009 [PubMed: 19522367]

Chrouser KL, Xu J, Hallbeck S, Weinger MB, & Partin MR (2018). The influence of stress responses
on surgical performance and outcomes: Literature review and the development of the surgical
stress effects (SSE) framework. The American Journal of Surgery, 216(3), 573-584. 10.1016/
j.amjsurg.2018.02.017 [PubMed: 29525056]

Cioffi J (2000). Nurses’ experiences of making decisions to call emergency assistance to their patients.
Journal of Advanced Nursing, 32(1), 108-114. 10.1046/j.1365-2648.2000.01414.x [PubMed:
10886441]

Cohen | (2008). Improving time-critical decision making in life-threatening situations: Observations
and insights. Decision Analysis, 5(2), 100-110. 10.1287/deca.1080.0111

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reale et al.

Page 20

Cohen-Hatton SR, Butler PC, & Honey RC (2015). An investigation of operational decision making
in situ: Incident command in the UK fire and rescue service. Human Factors, 57(5), 793-804.
10.1177/0018720815578266 [PubMed: 25875155]

Cohen-Hatton SR, & Honey RC (2015). Goal-oriented training affects decision-making processes in
virtual and simulated fire and rescue environments. Journal of Experimental Psychology: Applied,
21(4), 395-406. 10.1037/xap0000061 [PubMed: 26523338]

Cristancho SM, Vanstone M, Lingard L, LeBel M-E, & Ott M (2013). When surgeons face
intraoperative challenges: A naturalistic model of surgical decision making. The American Journal
of Surgery, 205(2), 156-162. 10.1016/j.amjsurg.2012.10.005 [PubMed: 23331980]

DeAnda A, & Gaba DM (1991). Role of experience in the response to simulated critical incidents.
Anesthesia and Analgesia, 72(3), 308-315. 10.1213/00000539-199103000-00006 [PubMed:
1994759]

Dominguez CO (2001). Expertise and metacognition in laparoscopic surgery: A field study.
Proceedings of the Human Factors and Ergonomics Society Annual Meeting, 45(17), 1298-1302.
10.1177/154193120104501709

Dyre L, Tabor A, Ringsted C, & Tolsgaard MG (2017). Imperfect practice makes perfect: Error
management training improves transfer of learning. Medical Education, 51(2), 196-206. 10.1111/
medu.13208 [PubMed: 27943372]

Eddy DM (1996). Clinical decision making: From theory to practice.

Farnan JM, Johnson JK, Meltzer DO, Humphrey HJ, & Arora VM (2008). Resident uncertainty in
clinical decision making and impact on patient care: a qualitative study. BMJ Quality & Safety,
17(2), 122-126. 10.1136/qgshc.2007.023184

Flin R, Slaven G, & Stewart K (1996). Emergency decision making in the offshore oil and gas industry.
Human Factors, 38(2), 262—-277. 10.1518/001872096779048110

Flottorp SA, Oxman AD, Krause J, Musila NR, Wensing M, Godycki-Cwirko M, Baker R, & Eccles
MP (2013). A checklist for identifying determinants of practice: A systematic review and synthesis
of frameworks and taxonomies of factors that prevent or enable improvements in healthcare
professional practice. Implementation Science, 8(1), 1-11. 10.1186/1748-5908-8-35 [PubMed:
23279972]

Franklin BR, Dyke C, Durning SJ, Artino AR, Bowyer MW, Nealeigh MD, Kucera WB, & Ritter EM
(2021). Piloting the fire: A novel error management training simulation curriculum for fasciotomy
instruction. Journal of Surgical Education, 78(2), 655-664. 10.1016/j.jsurg.2020.08.027 [PubMed:
32873508]

Gaba DM, Fish KJ, Howard SK, & Burden A (2014). Crisis management in anesthesiology E-Book.
Elsevier Health Sciences.

Groombridge CJ, Kim Y, Maini A, & Fitzgerald MC (2019). Stress and decision-
making in resuscitation: A systematic review. Resuscitation, 144 115-122. 10.1016/
j.resuscitation.2019.09.023 [PubMed: 31562904]

Hammond KR (1980). The integration of research in judgment and decision theory. https://
apps.dtic.mil/sti/pdfs/ADA088471.pdf

Hamui-Sutton A, Vives-Varela T, Gutiérrez-Barreto S, Leenen |, & Sanchez-Mendiola M (2015). A
typology of uncertainty derived from an analysis of critical incidents in medical residents: A mixed
methods study. BMC Medical Education, 15(1), 198. 10.1186/s12909-015-0459-2 [PubMed:
26537260]

Hausmann D, Zulian C, Battegay E, & Zimmerli L (2016). Tracing the decision-making process of
physicians with a decision process matrix. BMC Medical Informatics and Decision Making, 16(1),
133. 10.1186/512911-016-0369-1 [PubMed: 27756369]

Horsley T, Dingwall O, & Sampson M (2011). Checking reference lists to find additional
studies for systematic reviews. Cochrane Database of Systematic Reviews, 2011(8), MR000026.
10.1002/14651858.mr000026.pub2

llgen JS, Regehr G, Teunissen PW, Sherbino J, & de Bruin AB (2021). Skeptical self-regulation:
Resident experiences of uncertainty about uncertainty. Medical Education, 55(6), 749-757.
10.1111/medu.14459 [PubMed: 33527454]

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.


https://apps.dtic.mil/sti/pdfs/ADA088471.pdf
https://apps.dtic.mil/sti/pdfs/ADA088471.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reale et al.

Page 21

llgen JS, Teunissen PW, de Bruin AB, Bowen JL, & Regehr G (2021). Warning bells: how clinicians
leverage their discomfort to manage moments of uncertainty. Medical Education, 55(2), 233-241.
10.1111/medu.14304 [PubMed: 32748479]

Johnston JH, Driskell JE, & Salas E (1997). Vigilant and hypervigilant decision making. Journal of
Applied Psychology, 82(4), 614-622. 10.1037/0021-9010.82.4.614 [PubMed: 9378686]

Kaempf GL, Klein G, Thordsen ML, & Wolf S (1996). Decision making in complex naval command-
and-control environments. Human Factors, 38(2), 220-231. 10.1518/001872096779047986

Kahneman D (2011). Thinking, fast and slow. Macmillan.

Kahneman D, & Klein G (2009). Conditions for intuitive expertise. American Psychologist, 64(6),
515-526. 10.1037/a0016755 [PubMed: 19739881]

Keith N, & Frese M (2008). Effectiveness of error management training: A meta-analysis. Journal of
Applied Psychology, 93(1), 59-69. 10.1037/0021-9010.93.1.59 [PubMed: 18211135]

Klein G (1989). Recognition-primed decisions. In Rouse W (Ed.), Advances in man-machine systems
research (5, pp. 47-92). JAI Press.

Klein GA (1993). A recognition-primed decision (RPD) model of rapid decision making. Decision
Making in Action: Models and Methods, 5(4), 138-147.

Krebs WK, McCarley JS, & Bryant EV (1999). Effects of mission rehearsal simulation on air-
to-ground target acquisition. Human Factors, 41(4), 553-558. 10.1518/001872099779656725
[PubMed: 10774126]

Loewenstein GF, Weber EU, Hsee CK, & Welch N (2001). Risk as feelings. Psychological Bulletin,
127(2), 267-286. 10.1037/0033-2909.127.2.267 [PubMed: 11316014]

McClernon CK (2009). Stress effects on transfer from virtual environment flight training to stressful
flight environments. https://hdl.handle.net/10945/10441

McLennan J, & Omodei MM (1996). The role of prepriming in recognition-primed decisionmaking.
Perceptual and Motor Skills, 82(3_suppl), 1059-1069. 10.2466/pms.1996.82.3¢.1059

Militello LG, & Anders S (2018). Incident-based methods for studying expertise. In Ward P, Schraagen
JM, Gore J & Roth E (Eds.), The oxford handbook of expertise (pp. 429—-450). Oxford Library of
PsychologyOxford Academic.

Militello LG, Sushereba CE, & Ramachandran S (2023). Handbook of augmented reality training
design principles. Cambridge University Press.

Mosier KL, Sethi N, McCauley S, Khoo L, & Orasanu JM (2007). What you don’t know can hurt
you: Factors impacting diagnosis in the automated cockpit. Human Factors, 49(2), 300-310.
10.1518/001872007x312513 [PubMed: 17447670]

Orasanu J, Dismukes RK, & Fischer U (1993). Decision errors in the cockpit. Proceedings of the
Human Factors and Ergonomics Society Annual Meeting, 37(4), 363.

Pauley K, Flin R, & Azuara-Blanco A (2013). Intra-operative decision making by
ophthalmic surgeons. British Journal of Ophthalmology, 97(10), 1303-1307. 10.1136/
bjophthalmol-2012-302642 [PubMed: 23896288]

Pauley K, Flin R, Yule S, & Youngson G (2011). Surgeons’ intraoperative decision making and risk
management. The American Journal of Surgery, 202(4), 375-381. 10.1016/j.amjsurg.2010.11.009
[PubMed: 21477792]

Pelaccia T, Tardif J, Triby E, Ammirati C, Bertrand C, Dory V, & Charlin B (2014). How and
when do expert emergency physicians generate and evaluate diagnostic hypotheses? A qualitative
study using head-mounted video cued-recall interviews. Annals of Emergency Medicine, 64(6),
575-585. 10.1016/j.annemergmed.2014.05.003 [PubMed: 24882662]

Rasmussen J (1983). Skills, rules, and knowledge; signals, signs, and symbols, and other distinctions
in human performance models. IEEE Transactions on Systems, Man, and Cybernetics, 13(3), 257—
266. 10.1109/TSMC.1983.6313160

Reale C, Sushereba C, Anders S, Gaba D, Burden A, & Militello L (2021). What good are models? In
Paper presented at the Naturalistic Decision Making/Resilience Engineering Conference, France,
21-23 June, 2021.

Robson S, & Manacapilli T (2014). Enhancing performance under stress: Stress inoculation training
for battlefield airmen. https://apps.dtic.mil/sti/pdfs/ADA605157.pdf

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.


https://hdl.handle.net/10945/10441
https://apps.dtic.mil/sti/pdfs/ADA605157.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reale et al.

Page 22

Shortland N, Alison L, Thompson L, Barrett-Pink C, & Swan L (2020). Choice and consequence:
a naturalistic analysis of least-worst decision-making in critical incidents. Memory & Cognition,
48(8), 1334-1345. 10.3758/513421-020-01056-y [PubMed: 32533522]

Tallentire VR, Smith SE, Skinner J, & Cameron HS (2011). Understanding the behaviour of
newly qualified doctors in acute care contexts. Medical Education, 45(10), 995-1005. 10.1111/
j.1365-2923.2011.04024.x [PubMed: 21916939]

Thompson C, Bucknall T, Estabrookes CA, Hutchinson A, Fraser K, De Vos R, Binnecade J, Barrat
G, & Saunders J (2009). Nurses’ critical event risk assessments: a judgement analysis. Journal of
Clinical Nursing, 18(4), 601-612. 10.1111/j.1365-2702.2007.02191.x [PubMed: 18042211]

Thompson C, Dalgleish L, Bucknall T, Estabrooks C, Hutchinson AM, Fraser K, de Vos R,
Binnekade J, Barrett G, & Saunders J (2008). The effects of time pressure and experience on
nurses’ risk assessment decisions: A signal detection analysis. Nursing Research, 57(5), 302-311.
10.1097/01.nnr.0000338612.31210.ca [PubMed: 18794714]

Tole J, Stephens AT, Harris R, & Ephrath A (1982). Visual scanning behavior and mental workload in
aircraft pilots. Aviation, Space, and Environmental Medicine, 53(1), 54-61. [PubMed: 7055491]

Ward P, Gore J, Hutton R, Conway GE, & Hoffman RR (2018). Adaptive skill as the conditio sine qua
non of expertise. Journal of Applied Research in Memory and Cognition, 7(1), 35-50. 10.1016/
j.jarmac.2018.01.009

Weinger MB, Herndon OW, Zornow MH, Paulus MP, Gaba DM, & Dallen LT (1994). An objective
methodology for task analysis and workload assessment in anesthesia providers. Anesthesiology,
80(1), 77-92. 10.1097/00000542-199401000-00015 [PubMed: 8291734]

Wetzel CM, Kneebone RL, Woloshynowych M, Nestel D, Moorthy K, Kidd J, & Darzi A (2006).
The effects of stress on surgical performance. The American Journal of Surgery, 191(1), 5-10.
10.1016/j.amjsurg.2005.08.034 [PubMed: 16399098]

White MR, Braund H, Howes D, Egan R, Gegenfurtner A, van Merrienboer JJ, & Szulewski
A (2018). Getting inside the expert’s head: An analysis of physician cognitive processes
during trauma resuscitations. Annals of Emergency Medicine, 72(3), 289-298. 10.1016/
j.annemergmed.2018.03.005 [PubMed: 29699720]

Wickens CD, Hutchins S, Carolan T, & Cumming J (2013). Effectiveness of part-task training and
increasing-difficulty training strategies: A meta-analysis approach. Human Factors, 55(2), 461—
470. 10.1177/0018720812451994 [PubMed: 23691838]

Xiao Y, Mackenzie C, & Group L (1995). Decision making in dynamic environments: Fixation errors
and their causes. Proceedings of the Human Factors and Ergonomics Society Annual Meeting,
39(9), 469.

Yang H, Thompson C, & Bland M (2014). Do nurses reason ‘adaptively’in time limited situations:
The findings of a descriptive regression analysis. BMC Medical Informatics and Decision Making,
14(1), 96. 10.1186/1472-6947-14-96 [PubMed: 25398441]

Ziv A, Ben-David S, & Ziv M (2005). Simulation based medical education: An opportunity to
learn from errors. Medical Teacher, 27(3), 193-199. 10.1080/01421590500126718 [PubMed:
16011941]

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Reale et al.

——— — — — — — — — — — — — —— — — — — — — — — — —— — — —

Database search:
759 PubMed® articles
258 PsyclInfo® articles

Expert input:
31 articles

———— — — — — —

-

Reference list review:
13 articles

Screening

4

Screened:
1,061 articles

I
|
I
I
I
I
I
|
I

Excluded:

992 articles |

Review

Full text reviewed:
69 articles

I
|
|
I
I
I
|
I

—————— — — —

Excluded:

37 articles

Synthesis

I
I
|
I

Included in analysis:
32 articles

S S — ———— — — — — — — — — — — —

— e — — — — — — — — — — — — — —— — — — —

Figure 1.

PRISMA flow chart of paper selection process.

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.

N
i

o S



Page 24

Reale et al.

abenbue| ysijbug-uoN

(sueljIAID pue ‘slawnsuod ‘siuaned “6a) suosiadAe| Aq Bunjew-uoisiag

(SMa1na1 aanjela)l| pUe S|apoW [ed1al0ay) “h8) Yoseasal [eulblio-uou Jo [ea1aloay |
Bursjew-uols1oap paseys Jo uoiiubod wes) uo pasnaoy AJ9|os saIpniS

(Ansiwayo ureiq ui sabueyd “6a) saipnis [ea160]oI1SAYd

(saInuiw 1o Spuoas Uey} Jayres ‘10e 0] sAep Jo
sinoy sey juedionted ayy asaym “a1) ainssaid awiry BuiAjoAul Jou Buiyew-uoisioap 10 Buiyew-uoisioap auinoy

abenbue| ysijbug

(Buiuren Ayferoads ui sueloisAyd pue ‘syuapisal ‘syuspnis
Buisinu *68) seaurel) jeuoissajoud Jo sjeuoissajold pautesy Aq Bujew-uoisieq

yoJeasal [eulbio ‘jeauidwg
Buisjew-uoIs1oap [enpiAlpul Jo SaIpnIS

Bunfew-uois1oap Jo s1oadse aAIubo pue [eloIABYSq By} UO Pasnao4

sBuimas |nyssalis pue xsu-ybiy ur Buiyew-uoisidap d1sijednyeu uo pasnao

uosnpx3 uosnpu|
"M3IASY 3JNJeJ3)IT 8yl 404 BLIBYID UOISN|OXT pue uoIsnjou|
T 378vL
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



Page 25

Reale et al.

Bunfew-uoisioap

SMBIAIB)UI BnbIuYd)

.510[1d UO S1019B} [RUOITENIIS JO BOUBNLUI B} dJ0JdXd O 1UBpIdUI [eINLD BAIRNEND (72) 1014 :uoITRINY siol3 (6002) ‘Ie 10 UBWIRAG
souewIoIad Buiyew-uoisioap ,sasinu uo SOLIBUIS UoIRINWIS
ainssaid awiy pue aouaLadxa [ealul]d 4o 1oedwi ayy aiojdxs 0] Ajapyy moT :feluswiedx3 (T¥2) 2482 INde U1 3SINN @ JeoylfeaH a.nssald awil | (8002) ‘Ie 18 ‘uosdwoy |
saifajenss
JuaWabeurW J1ay) pue ‘ased jusited uo 1oedwi sy ‘48IUNOIUS SMBIAJB1UI anbluyoay (05) auroipaw
suelo1sAyd juspisal Alurensaoun Jo sadAl ayy aquiosap ol JUBpIoUI [eINLD BAITRIEND |eJauab ui syuspisay @ JedyieaH Arerigoun (8002) ‘Ie 18 ‘ueute
SUOIIeN)IS [BI111J9-3WI-UOU (1) ueroisAyd ssans
pue [ea1ILI9-aWIN Ul sessad04d Buiyew-uoisiosp asedwod of salpnis ase)d BAIRIERND Awue (1) 1011d Jaybiq :Arenjin pue anssaud awi (8002) Usyod
11d3209 pajewolne
ue Ul $3ss3204d Buryew-uolsioap pue sisoubelp ,sjojid uo uonenwis Awreriaoun
sa|qelieA [euonelado Ulewad Jo 1oedwi ay) sulwexs of paseg-1aindwo) :eiuwewiedxg (€6) 1014 :UoITRINY pue anssa.d awi (2002) 'Ie 18 ‘4a1SOIN
saibarens Buidod pue aouewiopiad Awireriaoun
,Su0ahuns uo s10ssals [ea161ns Jo 10edwi ay) a101dxs 0] SMaIAIBIU| BAITRIEND (97) suoabing @ 1eoyieaH pue Ssa.1S (9002) ‘12 10 ‘I9Z39M\

ased uoisioul uado ue 01 o1dodsosede] e WOLY 1BAUOD
01 paau ay) Buipsebal Buryew-uolsioap ,suoabins Apnis o]

SMBIAIBIUI PaSe]-ased 08pIA
pUE ‘SuoIIeAIasqo pIaly ‘sisAjeue
Yse1 aAnubo) dAIreliend

(02) suoabins @ 1eayieaH

s10.119 Abajelis
Bunyew-uolsiosqg

(T002) Zenbuiwoq

UOIRJIOLIBIBP [BIIUI]D JO SUBIS Ylm
sjuaied Joy Wea) uonuaAisiul AjJes pue aouelsisse Aouablawa
s, Jexdsoy ay1 Buijjea souaadxe ,sasinu a10jdxa 01

SM3IAIBIUI
painpnisun BAIrelEnd

(z€) 8480 8INJR UI SBSINN @120yl [EeH

Aurerigoun Abajess
Bunfew-uoisiasg

(0002) Wo1o

3|SE} |0)U02-PpUB-PUBLILIOD B UO Sa1farens Bupjew-uolsiosp
jue|iBinIadAY pue Jue|IBIA JO SSBUBAIIIBLS 8Y) BUILEXd 0]

uone|nwis
paseg-1aindwo) :eiuwewiedxg

(06) 19uuosIad AneN :Arediin

ssaljs Abapelis
Buryew-uolsioaq

(66T) "[e 18 uoISUyor

JUBpPIOUI [en)oe
ay1 Bunisunodus 01 Jouid suonoae [enualod pue uoneNlIs e Jo
uolie|nwiIs [elusw ul Juswabebus siaxew uolsioap aiojdxa o]

SMBIAIRIU| BAITRIIRND

(2) siswybuyai4 :@nasal pueali4

Abajesis
Bunyew-uolsioag

(966T)
13powQ puy UeUU 1IN

Buimes |0U09-puR-puURWILIOD painssaid-awi ‘xa)dwod
B Ul SUOISIOBP 9Xew SJao1}Jo [eAeU paoualiadxa moy Apnis ol

SMBIAIRIUI POyIBW

uols19ap [ean dAleEend

(T€) J91U8d puBWIWOD JUBPIdUI
1eqUI0D Ul SI91Y0 [eAeN Arell|I N

Aurerigoun Abajels
Bunyew-uolIsiasg

(966T) "1e 10 ydwaey

JUBAB SISUD & Burnp
Bunfew-uoIsioap ,siafeurw UOIIR|[BISUI 810YSHO BUILEX3 O]

SMaIAIBIUI poylaW
UOISIOaP [BJ1IID pUE UOHBINWIS
paseq-laded :[eyuswiedxg

(91) B 10 UR UO SIabeURW
uolie|eIsul aloysyo Bull|ip dIouso

aunssaid
awiy Abajesis
Bunyew-uolsioaq

(966T) "2 38 UIIH

uoIeIIISNSal
janed ewines) pliom-[eal e Bunp sio.1e uonexiy azAjeue o)

sisA[eue 0spIA AR END

(1) uoneyosnsal
ewinel} e ul 3s160]01SaY1sauy @ .redyifea H

si04137

(566T) ““[e 10 ORIX

udx009 8y} Ul 10119 PaIRIdOSSE pue Syse) Bunjew
-uoIs193p ,S10]1d Jo Suswalinbas aAIubod Byl puelsiapun o

sisAJeue 1odaJ Juap1ode gS1N pue
e1ep 1yB1l4 pereInwIS BAIRNEND

(pany10ads j0u) S10]1d :UOITRINY

sioL8
pue a.nssald awil |

(€66T) "I 18 NuesEIO

SJUBAS SISLID Bulinp swajqoid 03 asuodsal pue
10 UON2318p SueldIsAyd aaurel) pue pasuatiadxa a1ebisaaul o

siIsAeue 0apIA
pue ‘SMaIAIBIUI J1IGap ‘UoBINWIS
Anjepy ybiH :eIRWIRAX

(22) woou Buiresado
ay} i sisibojoIsaylsauy @ .JedyifeaH

sio.13 Abapelis
Buryew-uolsioaq

(166T)
egeo pue epuyag

SOA1198 [0 Yo fessay porels

spoyp N @dA1 Apnis

(u)s18lgns :urewoqa

auBlY L uerspy

(1e0A) Joyiny

Author Manuscript

"MBIASY J17eWsISAS SIU} Ul papnjou| siaded omi-Auiy L

¢ 314avl

Author Manuscript

Author Manuscript

Author Manuscript

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



Page 26

Reale et al.

Aurensoun
10 saoUalladxa aed Juaired Burnp 1oJWO0dSIP J0 sBuljaay 01

SMBIAIRIUI Bnbiuyoa)

(z1) suroipaw

(T202)

puodsal pue abeuew AjpAlelall sueloisAyd moy ayebiiseAul o) JUBPIdUI [BINID BAITRHEND Aouabiawsa ui sueldisAyd @reayieaH Aurerigoun ‘[e 18 ‘uassiunal ‘uabj|
sISAJeue ysel
suOIe)IOSNSal ewNes)  aAIMUBOI pue SMaIAIBIUI [[BIa) Pand (0T) 24B2 |BO1IID 1O BUIdIPaW Awrensoun
Burinp sassadoud Buiew-uoisioap sueldisAyd Apnis o) -09pIA Buoen-aA3 BAItelIeNdD Aouabiawa ul sueldIsAyd @feayleaH ‘anssaid awil | (8702) ‘I 18 ‘aMym
(paiy10ads j0u)
$SINU 3182 SAISUSIUI PUB ‘SIBALIP XaNJ}
ainssaid swn poylaw |ney-Buoy ‘sioresado Auiay paads-ybiy (8102)
Japun asiuadxa 418y} 1depe siaxew-uoisIoap Moy aulliexa 0 UolezijeqJan [e1fa|joD BAlrelend ‘sJaydredsip pue sieALp uresl BdIINN a.Inssaid auw | UoSSUBl pue UOSS|axXy
ainssaid

sased juaijed Aouabiawa [eal Buninp
sassa00.d Bunyew-uoisioap ansoubelp ,suerdisAyd dew o]

SMaIAJBIUI
pue SUoNeAISSqO BAITRIIERND

(T1) audipaw
Aouabiawa ui syuspisey @JeoyieaH

awiy Abajesis
Bunyew-uolsioag

(9102) "[e 19 ‘uuewsneH

sa1Barens Huidoo sy pue siuspIdul a1 BULINP J3)UN0JUS

(8v7¢) soureipad
pue ‘A196Ins ‘NADGO ‘BuIdipaw

(5T02)

suelo1sAyd juapisal Alurensaoun jo sadAy ayy Ayiuapl o) salreuuonsand dAIrelend |eUJBIUL Ul SJUBPISAY B JedyleaH Aureriaoun ‘[e 18 ‘uonns-inweH
sjuapiaul
Aouabiawsa Burinp suejd 11911dxa 40 Juswdojansp ,SIpuUBLILIOD SOLIBURDS UoNeINWIS uosiad-ul (z8) fBore .S (5T0Z) ABuoH

JuspIoul S108)4e Bulures) pajuaLIo-[2ob JaylsyM Ssasse 0

pue Alijeal [enuIA :eIewWRdX]

SIBPUBLILLOD JUSPIOU| BNIS ) pue 14

Buew-uosieg

pue uoneH-usyo)

S1UBAS plJom-[eal Burinp Burew
-UOISI93p ,SIBPUBLILLIOD JUSPIAUI BNISaJ PUE l1j puelsIapun oL

sisA[eue 08pIA pue SMaIAIBIUI
||e98. Pan-03pIA BAIRIIEND

(€2)
SJ3PUBLULIOD JUSPIdU| BNJSSJ pue all4

aunssaid
awiy Abapelis
Bunyew-uolsioag

(sT02)
‘[e 18 UoyeH-UsYy0D

ainssaid awiy Japun
SW02IN0 pue salfiayelis BuIdeWw-UoISIdap ,SasInuU SSasse 0L

uolre|nwis
Anjapy YbiH :reivew edx3

(26) 8Jed ande ul
sjuapnis Buisinu pue sesInN :@JeayifeaH

a.nssald awil |

(¥102) ‘18 18 Buex

s1a3unodus Juaned Jeniul Burinp sasaylodAy ansoubeip
alen[ens pue ajelaual sueloisAyd moy pue usym Aiuapl ol

SMaIAJIBIUI
||e981 Pan-03pIA BAIRRNIEND

(ST) audipaw
AouaBiawa ul sueldIsAyd @feayleaH

Aurerigoun Abajelis
Bupyew-uolsioag

(¥102) 12 18 ‘BI09€|ad

saifajess
JusWabeurW XsII pue Bulsew-uolsioap aAlzesadoesul
suoabins BuiAjispun sassadoid sAIUBOD sulWwexa 0]

SM3IAIBIUI POyIaW
UOISIoap [eaNID BAIRIEND

(zT) suoabuns @ 1eayieaH

Abore s
Bunpfew-uoseg

(€702) "|e 18 As|ned

Asabians Burinp sabus|jeyd aunnol-uou o}
Buipuodsas pue Buissasse 10y sassad04d ,suoabins ai0jdxa 01

SMBIAIBIUI POYIBLU UOISIDBP [BONLID
pue sUoNeAISSqO BAITRIIRND

(2) suoabing 2reoyieaH

Abapess
Bunyew-uoisiosg

(£702) |2 18 ‘oyoueISLD

pabeuew aue S1oLla MOY pue Sio.ls [enusiod pue

sisjeue WYdy3HS pue ‘siskjeue
3{SE) [B21YDJRIDIY ‘SMBIAISIUI POyl

(om)

(eT02)

sy{se1 BuIyew-UoISIoap SISPURLILLIOD JuspIoul 81eBiIsaAul 0 uoISI99p [eaN1D BAIRNEND s121yBiy a1l J83IUN|OA BNJSA puUe 3414 E] Jauwiaig pue uewleag
syuaned |j1 AjInoe Joy Buied Aureriaoun

UBUM JOIABYS( ,SI0100p MBU 1084Je Jey] S10loe) alojdxa 01 sdnoif snoo4 BAlelERNd (9¢) atea a1nde Ul SJUBPISAY BIedyl[eaH pue SSans (TT02) "Ie 10 ‘BunusjeL
salbajens ainssaid

Juswabeuew ysu pue Buiyew-uoisioap aAleladoesiul
Suoabins BuiAjapun sassadoid aAIub0od aulwexa o

SM3IAIBIUI POyl
UoISI98p [EINLD BAITRIEND

(#72) suoabins @ reayieaH

awiy Abajesis
Bunyew-uolsioaqg

(TT02) Te 18 “A3|ned

Wans
12211119 © J0 s Je s1 Jualied e Jaylaym Inoge suoisioap Bunjew
USUM UOITRWLIOSUI [821UI]D JO 9SN ,S3SINU PUBISIapUN O

uonenwIs
paseq-laded :[eiuswiedxg

(G¥2) a1e0
|€211140 puUe 8)NJk Ul S3sINN B .1edylfeaH

Abajels
Bunyew-uoisiasg

(6002) ‘1e 10 ‘uosdwoy L

SOAR (GO Yo Jessay polels

spoyp N 2dAL Apnis

(u)sy8lans :urewoq

awRY L uempy

(1e2A) Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2024 June 01.

in

available

J Cogn Eng Decis Mak. Author manuscript



Page 27

Reale et al.

Awrepsoun ayesaush 1ey) suorenyis [eatuld
BuiBeuew suelisAyd mau Jo sadualladxa ay) puelsiapun o]

SMaIAIB]UI 3nbiuyoa)
uapIdUl [BIRLD BAIRNIEND

(1) suto1paw
Aouabiawa ul syuaplsey B.JeayieaH Anersoun

(Te0e)
‘[e 18 ‘dyabay ‘uab|

SjuapIoul [eanId Bulnp
SUOISIap 1SI0M-1Se3|,, ew |auuosiad Asenjiw pakojdsp
uaym panjoAul sassaoold [eaibojoydaAsd auyp aiojdxs o

SMBIAIRIUI POyIBW
UoISI93p [E2NLD BAITEND

(22) sdioa aurew
pue ‘Aneu ‘Awe ‘82104 J1e 8y} JO SIaquisw Arerigoun Abapesss
ueJa1aA pue AInp aAndy Ase A Bunyew-uolsiaaqg

(0202) "e 19 ‘puBIOYS

SOAR (GO Yo Jessay polels

spoyp N 2dAL Apnis

(u)sy8lans :urewoq auRy L uerspy

(1e2A) Joyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



Page 28

Reale et al.

(600 “[e 38 uosdwoy 1)
uoreIoLIBp Jo subis [enusiod Bunigiyxa siuaied Jo SOLIBUBIS

passnasip 10N passnasip 10N passnasip IoN  Buluoseal Jeaulj-uou ‘aAINNIuL PasN 1SO N paseg-iaded ul susAJBUl 0} PaBU By} PAUILLIBIBP SIS INN

Buoim sem Buiyiswos yeyy Buijesy (000Z ‘101D)

B} annoalgns e paziuhodas pue sulaied uoI3eJoLIa1ap JO Subls Y)m sjuaired Jo) Wea) uonuaAIduL

passnasip 10N passnasip 10N passnasip 10N payaleN paqliosap ssado.d Ajuo Alea s, [endsoy ayy Buijjes souatiadxa J18y) pagliosap sas NN
SUOI}OR BAITRUIBYE B)e|NWIS

Ajreiusw pue ueld anijeladoaid ay) (£T0Z “’I® 18 OYdUEISLID) UOIRIadO UB JO 8SIN0I

abueyo 01 pasu ay) 8z1ubogal 03 ssadoud Jadoud ay3 noge suoisidap Jueniodwi Bunyew paredionue

passnasip 10N passnasip 10N [passnasip 10N 12211949 & pasn paq!1osap ssa00.4d AjuQ Asy3 yarym ui ased Buibuajjeyd e paiyiuapl suosb Ing

sauljapinb
uonenys woJy ainpadoud uondo auo uey} aiow (t102 ““I®

Jerjiwesun ue Ul uonN|os
|9A0U © PasiAeg SUON

pajuswinoop e paljddy
(6s€9 T * 9%57) Mo

10 S1J8UaQ pue SySLI pasedwio)
(5582 2T ' %06) JreH

uondo auo Ajuo
paj[essy (Seseo TT ‘%9P) Jfey sow |y

19 A3|ned) aouaiiadxa anlesado J1ayy wouy ased Buibus|jeyo
© U1 jutod uois1osp Jueniodwi ue paiiuapl suceb Ing

uonenys
Jeljiwesun ue Ul uonN|os

sauljapinb
wo.y ainpasoid
pajuswnaop ©

uonoe Jo 8s1n0d 8|qissod auo
UBY} 2J0W JO SHJBUSQ pUR SYSLI

uondo aUO UBY} 2J0W JO SHJBUSQ PUE SYSLI

(eT0Z e
19 A3|ned) aouaiiadxa aaesado J1ayy wouy ased Buibus|jeyo

|oA0U © pasIneg SUON paijddy suoN paybiapn (S3seo 9 ‘9405) JeH aredwod Jou piqg (Sase 9 ‘9%40S) JeH e u1 juiod uoisidap Jueniodwi ue paiiuapl suosh Ing
sasaylodAy oi410ads paisa) pue
paresauab Ajjewio wiyuod uoneue|dxa yuanbaiy (T66T ‘ege9 79 BPUYDQ) 34Npadoid aniresadoenul
passnasip 10N passnasip 10N 0132Uap1Me YBnous 10N 1soW uo paseq suJalred paydlen S0 N ue Jo uonenwis Alapy-ybiy e pais|dwod s1sifojosayseuy
Hoys (¥T0Z "I 10 B129B|3d) UOSEa)
snoIasu09 ybnoayy sasaylodAy 110448 SNOIASUOD INOYIM Apainb Buluayealyy-ay1| Ajjenuslod e uoy uawiredap Aouabiawa ayy
pessnasip 10N pessnasip 10N ansoubelp paressuss me4 sasaylodAy ansoubelp psjelauss) 150 N 0} paniwpe sjuaiied [enioe pajeas suepsAyd Aoush owg
(ssa20ud
3A1199]31) UO1INJ3Xa ued 0}
uonenwloy ued 01 JUsLISSASSe (ssa004d anIxa}jal) uonnaaxa ueld (STOZ ““Ie 18 UONEH-UBY0D) SIUapIdul
passnasip 10N passnasip 10N UOITeN}IS WO1J PAAON MO 0} JUSBLUSSSSE UOIIEN}IS WO} PAAOIA 1SO N 9J1AJ8S BNIS3I pue 414 [enjoe 0} papuodsal seIyb1e J14
uoeniIs o 8aA3 siy} apnjaul ady dOS uo paseq (966T [ 18 Ul]4) uoISOjdXa 3I0YSYO Ue JO
Jou pIp 0118U3IS PRIPNIS 10N woJy parefedas 10N suondo ajdinw paressuss mo4 UOII9®. JO 35IN0J 3|UIS B Pajesauas) SO OLeuads paseqg-1aded e pajadwod s ebeuew uolre|eisul [10
uonoe ady 40 A106a12agns suondo uonoe Jo
10 8SIN0J |9AOU E pajelauss 2 se papo Add 3]dnnNw wouy uonoe Jo asIN0d 951n02 © AJnuspl 03 ssadoid Jeuoniubosal (966T “[e 10 Jdwaery|) aousLiadxa atepem renue D1

(uonoe T “96T) Moo

woJ} pete edss 10N

© 210935 (SUOIIE € * %pr) MO

© pasn (Suoloe ¥/ ‘%G6) S0

118U WoJy Jusproul BuiBua)feyd e paiyiuspl S o140 fereN

BAITE8 1D PAITRAOUU |

peseg-a|ny

[eonAreuy

ddd

1X81U0D UosITeQ pue urwoq

'sadA 1 1uan3 pue surewoq adnn $so4oy paliuap| sa1barens Bupein-uoisidaq Jo suondiosaq pue Aousnbai4

Author Manuscript

Author Manuscript

‘€ 31gavl

Author Manuscript

Author Manuscript

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



Page 29

Reale et al.

SIX81U0D JUBJBYIP Ul Papaau aJe $ainjanuis [euoireziuehlo 4o sjoo} Loddns UoISIdap Jeym pue paulel} ag pInoys S|jIMS Feym
10 uonelojdxa Buipnjoul ‘syuane Msii-ybiy Burinp sessaoold uoisioap uaIaylp 1oddns 1sag 03 MOY U0 Pasnaoy SaIpnIS «
AJ|10BLIBA O1IBUSDS-18)UI YIIM PUBUOD

pue s1019e} Bunngriuod Auew ayy aiojdxa 03 saipnls afse| aiinbal Aepy “sainjiey souewIopad Jo/puUe 101443 JO pooylai|
3y} asealoap/asealoul Jeyl SUORIPUOD UO SNI0Y Jeyl SIUBAS YsLI-yBiy pue o1weuAp Ajybiy parenwis pue [eniae Jo SaIpnis »

10edwi Buiuresy Bunenpens pue Juswabeuew ssans poddns 03 Buturesy Buiubisap Uo pPasnaoy SaIPNIS «

Ajurepaoun pue ‘s10ssa.3s Jay1o ‘aanssaid awil Jo 8]0 ay3 BuipuelsIapun uo pasnaoy SAIPNIS e

(sawo91no pue abpajmous) Alurepasun

10 ‘ssa1s ‘aunssald awil 4O S[aA3] JUBIBKIP JapUN SYUBAS Pare|NWIS 0 [enide Jaye Jo Burinp Bulyew-uoisioap o saIpnls «

Buisew-uoIs1oap JUaAS-UI UO S)Ia44d SSasse 0} ,JUans-a1d,, 8]qe|ieAe UOITRWLIOLUI 3y} AJeA Tey) SaIpnis Paseq-uone|nuwis «
Sjuana

pale|nwis 1o [enioe Jaye 1o Burinp Bupfew-uoisioap ayeaul|ap 031 sjoo) ABojoydAsd/Buiiasuibua anniubod Buisn saipms «
|apow ddy 8y} 4o uoisuedxa 1o 0} SUOISIASI

[enuajod se [[am se ‘Ylom Jo sadA) a1319ads 03 anbiun aJe s1oadse yeym pue pazijesauab ag ued Buiew-uoisioap 4o syoadse
Teym Buipnjoul ‘saifiayens Buijew-uoisioap 1aylo snsisn ady 40 sHwi| ayl Buireinaide diysrejoyds [ea13aloay) [eUOHIPPY s
Awouoxe) Bunfew-uoisioap dNisijelnieu e Jo juswdojanaq «

ay3 Buriinboe ui siswioylad spoddns A1anodal pue
uonubo9al J044d UO pasndoy Buluresy Jayrsy

po03ISIaPUN [[8M JoU
SI sain|1e} aouewlIopad 1o S10.43 JO SadA) urenad yum
91821109 salfiaje.is Buryew-uoisioap d1419ads Jay1aym

poojsiapun
|13M 10U SI 8ouewLIoyad pue ABajens Bupjew-uolsioap
UO (JRIUBLULOIIAUS PUR ‘SNJLIS JUBAS ‘UOITRLUIOUI)
Aurensoun Jo sadAy Juaiagip Jo 9104 ay L

¢A19A1103)J3 $80IN0S3I

aA111UBOI SNJ0J 01 BND 01 Pas a( S||1XS 3saY) UeD
SIS 9S8} UIeISNS pue yaes) 03 MoH (8insojo
alnyewsald pioae 0] “6a) Buisoubelp usym s1o11u0d
Jeuorrewloyul Buibeuew Ajeioadsa—poolsiapun ||am
10U 3Je SJUaAS SISHI Bulinp aouewJoiad uo 1oedwl
J18y) pue Aurensoun buibeuew oy saibarens

SIS 8SaY} UleISNS pue Yoea) 0} MOH "poolsiapun
]19M 10U 8Je SJUBAS SISLI9 Bulinp aouewJopiad uo
1oedWi J18Y) pUe $10SSaAs Yim Buidod 1oy saibarens

SIS 8SaY} UleISNS pue Yoea) 0} MOH "poolsiapun
]19M 10U 8Je SJUBAS SISLID Bulinp aouewJoiad
Burfew-uoisioap uo 1oedwi 418y} pue ainssaid
awn yum Buidoa pue Buissasse 10} saibarens

poojsiapun
112M 1ou SI ssad04d uoISIa8p 8y} Ul (Uoirenys ay}
ul JuswabeBua [enjoe 210490 UOITRINWIS [eIUBW pUR
syuawissasse [entul *a'1) Bulwiid-aid Jo ajos ay L

¢A10Bared 1ounsip
© 10 ‘Ady J0 Led 2109 € 11 SI—POo03sIapun |[am Jou
SI ddy u1 Buyew-uoisioap paseq-ajni 0 aj0J ay L

poojsiapun
119M 10U 8Je SIY) dUBN[LUI SI0)OB) JeUM pue
(JeonAreue pue gdy Usamiaqg Xajy SIaxeWw-uoIsIdap
““B-8) sa1bayens paxiw Buisn Jo uouswouayd ay

£suonenIs awos
ur aAndeperew saiferelis aWOS a1y ‘PO0ISISPUN [|9M
J0U aJe sa1ferelis UOISIPP JO SUONIPUOD Alepunog

paseq-a|nJ SNsIan
ady snsian [eanAfeue se paziiobajed sem Jeym Jo
suonduiosap Jea|d Jo XJe| © pue paulap ale salbalens
Buryew-uoisioap moy ul AousisIsuodul Ue si a1ay L

aouewWIoad

Aureyaoun

ssans

alnssaid awi|

Abayens
Bupfew
-uois1oaQ

Aunyioddo yo.ressay a4ning

deo yoressay

awey |

‘v 3149vL

Author Manuscript Author Manuscript

Author Manuscript

‘paynuap| sdes yoseasay

Author Manuscript

PMC 2024 June 01.

in

available

J Cogn Eng Decis Mak. Author manuscript



Page 30

Reale et al.

1oedwi Buiuren Bunenjens
pue ‘A19A0931 pue uoniubodas Jos 1oddns o3 Bulutesy Buiubisep ‘si0118 uowwod BulpueISISPUN UO PasN0y SAIPNIS «

SIUBAS YSLI-YBIy ‘o1weuAp ul souewopad pajixs
10} papasu sa1faleils UoIsIoap ‘awin-[eal ‘aandepe

AllunyioddQ Yo Jessay a.1ninH

deo yo ressay awLy |

Author Manuscript Author Manuscript

Author Manuscript Author Manuscript

J Cogn Eng Decis Mak. Author manuscript; available in PMC 2024 June 01.



	Abstract
	Introduction
	Methods
	Data Collection
	Data Analysis

	Results
	Decision-Making Strategies
	When is RPD Used?
	When is Analytical Decision-Making Used?
	When is Rule-Based Decision-Making Used?
	When is Innovative/Creative Decision-Making Used?
	How do Decision-Makers Implement RPD Strategies?
	Time Pressure
	How does Time Pressure Affect Decision-Making?
	Stress
	How does Stress Affect Decision-Making?
	Uncertainty
	How does Environmental Uncertainty Affect Decision-Making?
	How does Personal Uncertainty Affect Decision-Making?

	Errors
	What Factors Contribute to Decision-Making Errors?
	Performance
	How does the Decision-Making Strategy Affect Performance?
	How does Time Pressure Affect Performance?
	How does Stress Affect Performance?


	Discussion
	Conclusion
	References
	Figure 1.
	TABLE 1:
	TABLE 2:
	TABLE 3:
	TABLE 4:

