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ABSTRACT

This paper delves into heuristic decision-making by nurses during the triage process, aiming to
elucidate how organisational factors influence nurses’ decision-making regarding the assign-
ment of priority codes to patients, and to assess the effectiveness of Clinical Decision Support
Systems (CDSS) in this context. Drawing on an experimental dataset of 25 triage cases
evaluated by 35 nurses via interviews, the study was conducted in two Spanish Emergency
Departments using CDSS. Findings indicate that organisational factors predominantly influ-
ence decisions in cases with complete and coherent information. However, in cases where
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information is incoherent or missing, individual nurse characteristics guide decision-making.
Furthermore, it suggests that CDSS should be tailored to nurses’ clinical reasoning to serve as

effective support for individual decision-making processes.

1. Introduction

Managers in organisational settings engage in cogni-
tive processes to interpret their perceived reality; how-
ever, decision-making does not solely rely on an
expansive knowledge base, but rather on a finite subset
that supports heuristic approaches. Heuristics serve as
efficient decision-making tools that align with the
cognitive strategies developed within organisational
frameworks, enabling swift decisions based on limited
knowledge, but are effective due to their strong ties to
the organisational context and structured knowledge,
as emphasised by research (Artinger et al., 2015;
Gigerenzer et al., 1999; Katsikopoulos, 2011).
Heuristics play an increasingly strategic role in
scenarios marked by ambiguity and uncertainty
(Bettis, 2017; Grandori, 2010), where knowledge is
scarce and decision-making time is limited
(MacgGillivray, 2014; Nikolaeva, 2014). The urgency
coding of patients in emergency rooms, known as
triage, is a prime example of an environment where
heuristics are applied. Triage involves a swift assess-
ment of a patient’s need for immediate care, prioritis-
ing treatment based on urgency rather than the order
of arrival. During the triage process, a nurse typically
performs the initial evaluation, interpreting a patient’s
clinical condition from limited cues within a brief time
frame, drawing on experience amidst the daily uncer-
tainties of emergency care (Benner & Tanner, 1987).
Cone and Murray (2002) affirmed the complexity of
the decision-making process that nurses carry out in
triage, because this requires responding to the

patient’s needs beyond the available information,
using “both rational or linear decision-making pro-
cesses and intuitive processes” (p. 402).

The development of these decision-making pro-
cesses among nurses has been widely studied, yet
many of these studies, while focusing on intuitive
decision-making, seldom address the concept of heur-
istics explicitly. Benner et al. (1992) and Watson
(1994) observed that while novice nurses often rely
on strict guidelines and protocols, seasoned nurses
tend to make decisions based on a synthesis of the
patient’s health issues and fundamental principles
gained from extensive experience. This aligns with
the perspectives of Gilbert-Saad et al. (2021) and
Ehrig et al. (2021), who discuss how expert decision-
makers employ heuristics when faced with uncertainty
and the need for rapid decisions. Cranley et al. (2009),
in their exploration of strategies nurses use to tackle
clinical uncertainty, underscore the importance of
a rationalistic approach founded on sequential cogni-
tive processes, as well as a phenomenological approach
that is characteristic of experts” performance. Others,
like Alba (2018) and Anton et al. (2021), have deli-
neated clinical decision-making in nursing as invol-
ving either rational/analytical cognitive models or
those based on intuition that are closely linked to
experience — a concept referred to as Naturalistic
Decision Making by Nibbelink and Brewer (2018).
A review of the literature reveals that the decision-
making processes of adept nurses, rooted in their
experience, essentially align with heuristic cognitive
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processes, a view supported by Bettis (2017) and
Atanasiu (2021), who propose that learning through
experience is a key mechanism for the emergence of
heuristics. Nonetheless, the literature has not thor-
oughly examined whether intuition-based clinical
decision-making, while being influenced by experi-
ence, is also shaped by other factors such as the con-
text in which decisions are made.

From a managerial perspective, understanding how
individual decision-making is impacted by organisa-
tional factors can empower managers to discern and
leverage elements of the organisational environment
to enhance the quality of decisions (Hauser, 2014). In
the Triage process, the improvement of the quality
decision-making is a very critical topic as the assign-
ment of the priority code to patients impacts on the
waiting time of the more urgent patients and, conse-
quently, on the patients’ safety.

In the context of triage, optimising the quality
of decision-making is paramount, as the allocation
of priority codes to patients directly affects the
waiting times for urgent care and, consequently,
patient safety. Seminal works by Simon (1997) and
Cyert and March (1992) have underscored the
pivotal influence of the organisational context on
individual decision-making, shaped by elements
like corporate ethos and logic - termed decision
premises (Levinthal & Newark, 2023) - as well as
by established operating procedures and rules.
While the role of organisational influence on deci-
sion-making is recognised within management lit-
erature (Faraj & Xiao, 2006), the dynamic between
individual and organisational factors and how they
interact during the decision-making process is not
well understood, especially in terms of
which aspects take precedence and what informa-
tion is prioritised by decision-makers when orga-
nisational factors dominate over individual
judgements.

Triage provides an apt context for examining how
organisational factors interact with individual deci-
sion-making. Literature suggests that the dominance
of either organisational or individual influences may
hinge on the ambiguity of circumstances. In the triage
process, patients present with a range of symptoms
that can be clear-cut, inconsistent, or even enigmatic.
This study aims to offer insights on enhancing triage
decision-making - a critical factor in Emergency
Departments for minimising the wait times of patients
in urgent need. It categorises patient information into
three levels of complexity for triage case structuring:
simple cases with coherent and complete information;
intermediate cases with complete but inconsistent
information; and complex cases, where information
is ambiguous and key cues are missing. These levels
reflect the different types of scenarios nurses must
evaluate to assign priority codes.

This leads us to the first research question posed in
the paper:

RQ1: In what ways do organisational factors and the
complexity level of patient presentations impact
nurses’ decisions in assigning priority codes during
triage?

To bolster the efficacy of clinical decision-making in
triage, the implementation of computerised Clinical
Decision Support Systems (CDSS) has been initiated.
These systems are designed to assist nurses in deci-
sion-making by managing patient classifications and
monitoring. However, research examining the actual
efficacy of CDSS in supporting nurses during triage is
insufficient. This observation gives rise to the second
research question:

RQ2: What is the effectiveness of Clinical Decision
Support Systems (CDSS) in aiding nurses with triage
assessment priority codes, and how are these systems
utilized?

Informed by a theoretical analysis that explores the
triage process, and how individual and organisational
factors influence heuristic effectiveness in triage eva-
luations, as well as the role of CDSS in supporting
decision-making, this paper presents research con-
ducted in two Spanish Emergency Departments. The
study utilised an experimental set consisting of 25
triage cases evaluated by 35 nurses through interviews.
The paper culminates in a discussion of the findings
and their broader implications.

2. Theoretical framework
2.1. The triage process

The triage process is an essential preliminary clinical
evaluation for managing patients according to the
level of urgency (Tanner, 2006). It establishes waiting
times based on the urgency codes assigned, which may
either underestimate or overestimate the severity of
patients’ conditions, thus impacting their wait times
and potentially the wait times of others with more
severe, life-threatening conditions (Considine et al.,
2007). This initial assessment is crucial, as it directly
affects patient safety (Croskerry, 2002; FitzGerald
et al., 2010; Goransson et al., 2008). The triage process
typically consists of two stages: the initial evaluation
and subsequent re-evaluation. Our research focuses on
the initial evaluation phase, where an individual nurse
determines the priority code for the patient being
examined.

Triage, a critical function of emergency care, is
typically evaluated in terms of over-triage or under-
triage — comparing the priority code assigned to



patients against predetermined outcomes. In emer-
gency departments, the key challenge lies in swiftly
identifying and prioritising patients who require
urgent care. Under-triage refers to the allocation of
a less urgent priority code to critically injured patients,
risking severe consequences or even death due to
treatment delays. Over-triage, on the other hand,
involves assigning immediate care to patients who
are not critically injured, leading to organisational
issues such as hospital overcrowding and strained
personnel and resources (Christian, 2019; Frykberg,
2005). Often, nurses must make these critical decisions
without access to complete clinical documentation,
operating with incomplete or sometimes inconsistent
information. Moreover, triage decisions are frequently
made under significant time pressure, with an acute
awareness of the risks associated with incorrect assess-
ments, which have been linked to numerous hospital
fatalities (Harris et al., 2004). Many scholars have
underscored the high risk of diagnostic errors in the
triage process due to various factors, including intense
decision pressure, stress, high levels of diagnostic
uncertainty, and organisational constraints.
Croskerry (2002, 2013) has been prominent in high-
lighting the cognitive biases and decision-making
errors that contribute to misdiagnosis, advocating for
cognitive debiasing strategies. These strategies encom-
pass specific educational and workplace interventions
such as training in reasoning and medical decision-
making, cognitive tutoring systems, simulation train-
ing, enhanced information gathering, and structured
data acquisition methods. Additionally, Ely et al.
(2011) have recommended the use of various check-
lists to minimise diagnostic errors, while Hitchcock
(2014) emphasises solving issues like hospital over-
crowding and ineffective team communication and
coordination, which further contribute to diagnostic
inaccuracies. Alternatively, Graber et al. (2002) sug-
gest adopting decision-support systems akin to those
discussed in this paper. To the best of our knowledge,
existing studies on triage have not sufficiently
explored how the complexity of patient presentations —
that is, the patients’ characteristics — might influence
nurses’ allocation of priority codes, nor the extent to
which organisational frameworks and guidelines
could direct such decision-making. This paper seeks
to explore the cognitive heuristics employed by nurses
when deciding on priority codes, taking into account
the varying complexities of the situations they
encounter.

2.2. Individual and organizational issue affecting
heuristics effectiveness in triage evaluation

In decision-making, the concept of heuristic was
introduced by Herbert Simon (1957) as
a manifestation of a decision-maker’s bounded

KNOWLEDGE MANAGEMENT RESEARCH & PRACTICE . 251

rationality. Simon conceptualised heuristics as adap-
tive tools allowing individuals to draw inferences
within uncertain environments where not all knowl-
edge is available. Consequently, these heuristics lead to
“satisficing” - finding solutions that are good enough
for the situation at hand - through the utilisation of
social evolutionary mechanisms (Cavarretta, 2021).
Although these simplified decision-making processes
may achieve satisfactory outcomes (Basel & Briihl,
2013), they are inherently constrained by the potential
for incorrect choices and biases (Leemann & Kanbach,
2023). In contrast, Gigerenzer’s research group (1999)
recognised that heuristics are particularly effective
under conditions of ambiguous information and
time constraints, providing an adaptive response tai-
lored to the uncertainties of the decision-making
environment (Artinger et al., 2015; Baum & Wally,
2003; Khatri & Ng, 2000). Galavotti et al. (2021) have
further emphasised the beneficial role of heuristics in
both individual and organisational decision-making
contexts, mirroring Guercini and Milanesi (2020)‘s
observation that the adoption of simple rules is often
more efficient than more complex cognitive
approaches in situations fraught with uncertainty.
The concept of “ecological rationality” underpins the
value of heuristics, referring to their ability to leverage
knowledge structures effectively within uncertain
social and physical environments (Basel & Briihl,
2013; Bertel & Kirlik, 2010; Brighton & Gigerenzer,
2012; Chater et al., 2003; Mousavi & Kheirandish,
2014). This should be distinguished from the concept
of risk, as uncertainty encompasses a broader range of
unknowns (Guercini & Lechner, 2021; Kozyreva &
Hertwig, 2021; Mousavi & Gigerenzer, 2014).
Adopting Gigerenzer’s perspective on heuristics, orga-
nisational and management research has explored
how cognitive processes and the surrounding environ-
ment interact (Hertwig et al., 2022; Loock & Hinnen,
2015). In the application of heuristics, a decision-
maker’s bounded cognition only considers a portion
of the available knowledge, thus minimising the effort
needed to process all potential cues, simplifying the
weighting of cues, integrating less information, and
evaluating fewer alternatives. Individual traits, organi-
sational dynamics, and the particulars of the decision-
making problem all influence which elements of
knowledge are deemed salient in reaching a decision.

Individual characteristics such as education, socio-
economic background, age, and work experiences sig-
nificantly shape the decision-making process
(Hambrick & Mason, 1984). Within organisations,
the organisational factors encompass both formal
and informal rules, shared by organisational members
(Bingham et al., 2007), that propagate through a social
process of imitation and influence (MacGillivray,
2014). The nature of the decision problem itself is
defined by the structure of the available knowledge,
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including how it is presented, its complexity, time
constraints, response demands, and other relevant
factors (Maule & Edland, 1997; Payne et al.,, 1993).
Management studies have hence placed a significant
emphasis on heuristics in decision-making, advocat-
ing for organisations to guide decision-making with
simple, memorable rules that can be algorithmically
encoded (Guercini & Lechner, 2021; Marti & Reinelt,
2022), thereby enhancing the quality of individual
decision-making. Nevertheless, adherence to organi-
sational rules does not immunise against erroneous
decisions made during the knowledge selection and
interpretation process by individuals (Vuori & Vuori,
2014). In this regard, Newell et al. (2003) study “pro-
vide an insight into the conditions under which dif-
ferent heuristics are used, and question the predictive
power of the fast-and-frugal approach” (p. 82).

The triage process is particularly suited to the appli-
cation of cognitive heuristics. For one, priority code
assignments are based on only the most pertinent sub-
set of available information, often assessed under time
pressure and uncertainty, yet the decisions reached can
still be remarkably (Gigerenzer &
Kurzenhduser, 2005). Nurses determine a patient’s
priority code by interpreting clinical conditions using
limited cues within a constrained timeframe (Benner &
Tanner, 1987). Furthermore, the structure and coher-
ence of patient information, or lack thereof, signifi-
cantly impact nurses’ judgement accuracy (Cioffi,
1998). Triage guidelines and training are intended to
standardise decision-making, leading nurses towards
consensus with their colleagues and reducing the
scope of subjective judgement (Zachariasse et al., 2019).

The wide range of factors influencing decision-
making results in substantial variability among nurses
when assessing patient urgency - particularly when
faced with limited or complex information about
patient conditions (Chung, 2005). The competencies
and risk aversion of individual nurses, organisational
work structure, rules, and the environment where
triage occurs contribute to this inconsistency
(Andersson et al., 2006). Despite established protocols
for patient prioritisation based on urgency, decision-
making in triage is ultimately influenced by the nurse’s
individual abilities, the organisation’s structure, and
the specifics of the patient’s condition (Benner &
Tanner, 1987). The triage process is pivotal, both for
its operational impact within hospitals and for its
inherent cognitive demands, where potential biases
or errors may arise from factors like intuition or
individual experience, as outlined in the introductory
studies. Variations in experience among individuals
can therefore lead to differing decisions. Decisions
shaped within an organisational framework tend to
exhibit less variability and reduce individual decision-
maker accountability (Levinthal & Newark, 2023).
This study aims to provide empirical evidence

accurate

regarding decision problems where organisational fac-
tors predominate over individual considerations in the
decision-making process.

2.3. CDSS sustaining decision-making in triage
process

In recent years, economic organisations focused on
expeditious and effective decision-making have devel-
oped knowledge systems that significantly influence
cognitive behaviours (Montibeller et al., 2006), aiming
to bolster the decision-making process. However, the
outcomes of these systems have been mixed and occa-
sionally underwhelming (Arnott, 2006). Within the
healthcare industry, the proliferation of Clinical
Decision Support Systems (CDSS) aligns with research
in cognitive ergonomics — the branch concerned with
optimising the interaction between users and systems
to enhance cognitive functioning in decision-making
(Patel et al., 2013). Despite their potential, the wide-
spread adoption of CDSS remains limited due to chal-
lenges in accurately representing the nuanced
cognitive processes underpinning clinical reasoning,
including heuristic-based decision-making (Islam
et al., 2014).

CDSSs have direct effects on patients’ healthcare
and therefore must be correctly validated before their
adoption in an emergency department to ensure
patient safety (Varshney, 2014). In addition, validation
aims at guaranteeing the correctness of triage recom-
mendations. The literature shows the various methods
used to evaluate CDSSs. Generally, the two main ele-
ments subjected to validation are a system’s knowl-
edge and correctness. Traditionally, this process also
includes the assessment of costs, the quality of infor-
mation, and the effects on practitioners’ actions.

The development of CDSSs, however, assumes
a very important role in the healthcare field given the
increasing volume of information related to the man-
agement of patient care that clinicians are challenged
to manage. In Triage process, the CDSS continually
supports the nurse in all four phases. In fact, during
the first two phases, nurse submits all available infor-
mation about the patient and the software gives the
emergency code. The software also allows redefining
emergency code through the triage revaluation.

Indeed, the growing volume of knowledge has
a great influence on patient safety (Patel et al., 2013)
but also on the economic conditions of healthcare
organisations and on cognitive reasoning, both posi-
tively (in terms of efficiency and effectiveness) and
negatively (in terms of errors). Islam et al. (2014)
point out that studies relating to CDSSs argue that
those systems are designed without considering clinical
reasoning methods, including heuristic processes, even
if this limitation may in some situations be useful for
promoting impartial decision-making processes and for



standardising assistance procedures as pointed out by
Ganju et al. (2020). Indeed, clinicians generally have no
great inclination to use such systems (Islam et al., 2014;
Johnson et al., 2014; Shah & Oppenheimer, 2008),
because often they are not able to integrate human
cognitive processes into complex situations. It emerges
that the available CDSSs cannot be adequate to support
decision-making based on cognitive heuristics such as
Triage process to make the correct decision.

3. Rationale and research propositions

This study aims to discern whether organisational fac-
tors outweigh individual factors (or vice versa) in
nurses’ decision-making processes when they assign
priority codes to patients upon arrival at the
Emergency Department (ED). Each patient presents
a distinct decision-making challenge with their own
set of information. We hypothesise that when nurses
make identical decisions, they are likely drawing from
a shared heuristic framework influenced by organisa-
tional norms, which diminishes individual variance.
Conversely, when nurses’ decisions diverge, this points
to reliance on individual judgement, shaped by perso-
nal interpretation of the information and unique heur-
istic applications. Our goal is to identify when
organisational policies can direct individual decision-
making and to explore whether the inclination to over
or under assess is shaped by the structure of the deci-
sion problem and/or organisational influences. In the
context of the study, where Clinical Decision Support
Systems (CDSS) are used to aid the triage process, we
seek to understand the systems’ effectiveness and the
nursing staff’s response to these tools.

According to this premise and coherently with the
research questions, we will refer to the assessments by

Assessments
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nurses as Human Assessment (HA), those by CDSS as
Software Assessment (SA), and the evaluation of the
expert, considered as the right evaluation, as Expert
Assessment (EA).

Focusing on the HA assessments and EA evalua-
tions, we can infer the following research propositions
connected to the R1 (Figure 1).

The comparison of HAs is employed to compre-
hend the prevalence of organisational factors in
nurses’ decision-making considering the complexity
of the Triage cases:

Proposition 1.R1: In which level of complexity do
organisational factors prevail over individual ones?

The comparisons between HA-EA enable us to deduce
insights on accuracy of nurses’ decisions and potential
over or under assessments:

Proposition 2.R1: “How accurately do nurses assign
priority codes, and what is their tendency to over-
estimate or underestimate these codes based on the
level of complexity?”

Focusing on the HA assessments, SA assessments
and EA evaluations, we can infer the following
research propositions connected to the R2
(Figure 1).

The comparisons between SA-EA shed light on
the software’s efficacy in assigning the correct
priority code and potential over or under
assessments.

Proposition 3.R2: “Is the assignment of the priority
code provided by CDSS accurate?”

Research Propositions

Priority code assigned
by each nurse to Triage
cases

P1.R1: In which level of complexity do
organizational factors prevail over
individual ones?

P2.R1: How accurately do nurses assign
priority codes, and what is their tendency
to overestimate or underestimate these
codes based on the level of complexity? /

RQz1: In what ways do
organizational factors and the
complexity level of patient
presentations impact nurses'
decisions in assigning priority
codes during triage?

Priority code assigned
by Expert to Triage
cases

Priority code assigned

.

P4.R2: To what extent does the CDSS
mitigate biases of nurses in assigning
priority codes to patients?

tri t priorit
P3.R2: Is the assignment of the priority rlage assassment prionity
; codes, and how are these
code provided by CDSS accurate? s
\ systems utilized? ;

RQ2: What is the
effectiveness of Clinical
Decision Support Systems
(CDSS) in aiding nurses with

by CDSS to Triage
cases

(1) —Comparison between each nurse’ assessment and expert’s assessment
(2) - Comparison between each CDSS' assessment and expert's assessment

(3) - Comparison between each CDSS-expert’ assessment and nurse-expert’s assessment

Figure 1. Combination of assessments in relation to the research propositions.
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The comparison between HA and SA aims to under-
stand if human reasoning is in line with software and if
the CDSS can mitigate the nurses’ bias.

Proposition 4.R2: To what extent does the CDSS
mitigate biases of nurses in assigning priority codes to
patients?

Additionally, interviews with nurses regarding the uti-
lisation of CDSS in their work augment the analysis
with the nurses’ perceptions of its utility.

4, Methodology
4.1. Research method

The research is based on multiple case studies invol-
ving nurses working in emergency departments. The
exploratory nature of the research and the need to
have case studies that are comparable led us to select
emergency departments with similar organisational
structure. The two selected emergency departments
are in Spain, and they are similar in organisation and
provision of services, e.g., the numbers of physicians,
nurses, and auxiliaries have the same dimension in
both emergency departments. Both EDs adopt CDSS
to support nurses in triage decision-making. The
methodology framework is structured as follows:

(a) Design of an experimental set, simulating
patients arriving to Emergency Department

(b) Submission of experimental set to the nurses
through questionnaire and interviews

(c) Analysis of the questionnaire and triangulation
with qualitative interviews data.

4.2. Design of the experimental set

Our inquiry into nurses’ cognitive decision-making
processes is based on a collection of 25 simulated triage
cases reflecting the varied conditions of patients arriv-
ing at the ED - a common simulation approach in
triage research (Gerdtz & Bucknall, 2007). The scenar-
ios were crafted by the research team and a triage
trainer to ensure a diverse representation of patient
information complexities and accurate patient condi-
tion interpretations per established guidelines and pro-
tocols. The triage trainer, acting as an expert, provided
the appropriate priority codes for each scenario, with
the assumption that their judgements are accurate.

The triage cases encompass three types of
information:

¢ Type 1 (IC1): Qualitative cues, which include the
patient’s reported symptoms upon arrival and
observed pain.

e Type 2 (IC2): Quantitative cues, comprising vital
signs and other objective patient data.

e Type 3 (IC3): Historical and background patient
data.

An example of a triage case (Figure 2) demonstrates
the application of these data types.

The 25 Triage cases keep in account the complexity
of the decision problem, introducing the following
three levels of complexity based on the structure of
knowledge (Chung, 2005; Cioffi, 1998, 2001): simple,
intermediate, and complex. In the simple Triage cases,
IC1, IC2, and IC3 are consistent and lead to the clear
and simple definition of the Triage code. The key cue to
make decision and the additional cues lead to the same
decision. In the intermediate Triage cases, IC1, IC2,
and IC3 are at odds with each other, and only if the
nurse chooses the right cue, he/she makes the correct
decision. For the intermediate level, the qualitative cues
(IC1) lead to the correct assignment of priority codes,
whereas the quantitative cues (IC2) lead to under-assess
the priority codes. In the complex Triage cases, knowl-
edge is ambiguous, and it lacks some relevant informa-
tion. In this case, the nurse must decide the triage code
based on his/her expertise and experience.

The three levels of complexity in which the 25 cases
are grouped refer to the greater or lesser information
that these cases provide, regardless the Triage urgent
code. For example, a complex case can correspond to
an urgent code and another one corresponds to a not
urgent code.

4.3. Data collection and analysis

We developed a structured questionnaire based on
the 25 designated triage cases to collect data, with
the process unfolding in two distinct phases: con-
ducting interviews with nurses and assessing the
priority codes assigned during the triage cases
using the CDSS. Nurses from two emergency
departments-one public and one semi-public, with
20 and 15 nurses, respectively, — participated in the
study. Initially, the research team engaged with
each nurse individually, presenting the triage

Predictability index
05 0,431

0,4

0,3

0,206 0,192 ® Goodman-Kruskal
0,2 index

0,1

Simple Intermediate  Complex

Figure 2. Example of triage case.



cases and requiring them to determine and justify
a priority code within a two-minute timeframe.
Subsequently, the information and clinical data
from each case were inputted into the CDSS by
both the nurses and the research team to generate
the corresponding software-derived triage codes.
Additionally, the nurses were asked to describe
their utilisation of the CDSS in the process of
assigning priority codes. Overall, the study yielded
three datasets comprising a total of 925 responses:
25 expert assessments (EA), 25 CDSS assessments
(SA), and 875 nurses’ assessments (HA).

5. Results

5.1. Nurses’ assessment according to the
complexity of cases

In alignment with Proposition 1.R1, we analysed
nurses’ assessments (HAs) to determine whether
organisational influences are more pronounced
than individual factors in the assignment of prior-
ity codes. To evaluate this, we employed the
Goodman-Kruskal index, which measures the level
of agreement among nurses when assigning prior-
ity codes to the 25 triage cases, independent of
their accuracy. The Goodman-Kruskal index is
a statistical measure used to assess the concordance
or agreement between three or more judges when
classifying the same set of items into ordered cate-
gories. This index quantifies the degree of agree-
ment among raters, taking into account both the
observed and expected discordances in their classi-
fications. The index ranges from 0 to 1, with higher
values indicating a higher level of agreement
among the judges. In our case, nurses act as judges,
the sets of items to be evaluated are triage cases,
and the ordered categories represent the five levels
of priority codes.

Analysing the relative frequency distribution of the
nurses’ responses for each case, we found that
a homogenous distribution — where responses align
to a single priority code - suggests the influence of
organisational guidelines, leading to consistent heur-
istic application and decisions. Conversely,
a heterogeneous distribution indicates a stronger pre-
sence of individual discernment influencing priority
code assignment. Upon applying the Goodman-
Kruskal index to the cases, sorted by their complexity
levels, we observed an increasing trend of heterogene-
ity in assessments from simple to more complex cases,
as depicted in Figure 3.

The data indicated that responses to simple
cases were generally more uniform than those for
intermediate or complex cases, confirming that
case complexity influences the heuristic decision-
making process.
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5.2. Correctness of nurses’ assessments compared
to the expert cases assessment

Coherently with Proposition 2.R1, the nurses’ correct-
ness in assignment the priority code turns up pairs to
50% of the total 875 answers is characterised. The
percentage of 15% of answers is characterised by
under-assessment (HA < EA) and the percentage of
35% by over-assessment (HA > EA).

Figure 4 shows the nurses’ correctness according to
the level of complexity of the triage cases, we can
observe that nurses” behaviours are significantly dif-
ferent in simple, intermediate, and complex cases (x2
test with p <.05).

The percentage of correctness of nurses’ answers
(HA = EA) decreases from simple to complex cases
and nurses tend to over-assess in simple and complex
cases, while they tend to under-assess in intermediate
cases.

5.3. Effectiveness of CDSS through an analysis of
the difference in assessment both between the
CDSS and the expert and between CDSS and
nurses

In line with Proposition 3.R2, we initially assessed the
accuracy of the CDSS by comparing its decisions with
those made by the expert. The findings indicate that in
52% of cases, the CDSS accurately matched the
expert’s decision. However, in the remaining cases,
there were discrepancies, with the CDSS occasionally
assigning urgency levels that were either too high or
too low, leading to over-assessment in 24% of cases
and under-assesment in another 24%. Further analysis
involved comparing the decisions made by the CDSS
with those of the nurses to understand the alignment
in decision-making and to explore the CDSS’s role in
bias mitigation.

According to Proposition 4.R2, we observed that
nurses also made correct decisions in 50% of cases, yet
their assessments differed from the CDSS in terms of
over- and under-assessments, at rates of 16% and 35%,
respectively. Notably, concordance between nurses

70%

60% 56%
50%
50% 47% °
I 41%
409 0, |
% 35% 32% ‘
30% |
El B 21% }
20%
9% 9%
10% | ‘
o b | |
Simple Intermediate Complex

m HA<EA HA=EA HA>EA

Figure 3. Goodman-Kruskal index from simple to complex cases.
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Type 1 (IC1) qualitative cues

dizziness, sweating, and oppression.

later.

Justification:

Man, about 50 years, asymptomatic even if slightly rough. He claims that the
day before felt a retro-sternal chest pain radiating to the arms with a sense of

Type 2 (IC2) quantitative cues

Vital signs: FC 80/min; T 36° C, PA 150/80 mm/Hg: Sp0O2 98%; FC 80/min

Type 3 (IC3) Antecedents

Smoker; the symptoms, the day before, were now spontaneuosly reversible;
duration of pain about 20 min; 2 attacks of palpitation an dizziness occurred

—

Figure 4. Comparison between expert’s and nurses’ assessments according to the complexity of cases.

and the CDSS dropped from 62.2% in simple cases to
39.7% in complex cases. We have then analysed the
over- and under-assessments regarding the complex-
ity of the cases comparing the under-assessments
(UA) and over-assessments (OA) made by nurses
and by the CDSS. We have considered as reference
line the expert assessments. This comparison is shown
in Figure 5 where the bar width is the sum of the
percentages for over-assessment and under-
assessment, respectively, above and below the expert
assessment line.

We notice that in simple cases both software and
nurses tend to have a tendency to over assess. In the

Simple Intermediate

20 = 41,7%

40 — 34,9% ‘
OA 30

21%
20 —

10 —

0%

10 — 934%
20 —

UA 30—
0 —

31,9%

_— 41,9%

simple cases, the qualitative and quantitative informa-
tion are coherent and beyond the errors the behaviour
in over assess is similar. Instead, in the intermediate
cases, the three types of information (I1, 12, and I3) are
in competition, and giving attention to a cue rather
than another can lead to different decision. This situa-
tion can happen even in complex cases where the
information is not consistent, and some information
may be missing. Our results corroborate that in inco-
herent or ambiguous knowledge, nurses tend to have
a different behaviour with respect to CDSS. In inter-
mediate nurses tend to over-assess (21%) and under-
assess (31,9%), while the over-assessment of CDSS is

.Nurses

Complex Total

50% [ bss

35%

24%

——

Expert

assessments
16%

24%

33,3%

Figure 5. Errors (OA and UA) made by nurses and by CDSSs according to the complexity of cases.



equal to zero and under-assess is equal to 41,9%. In
complex cases, the highest percentage of nurses’ errors
is characterised by over-assessment (50%), with
under-assessment at 8.8%. Instead, the CDSS tends
to under-assess (33.3%), with over-assessment of com-
plex cases at 16.7%. This analysis put in evidence that
the software can be a support for nurses only in simple
cases. In this case, the decisions of nurses and CDSS
are similar. Conversely, in situations characterised by
incoherent knowledge or ambiguity, the software gives
a different outcome with respect to nurse’s decision.

In conclusion, in complex cases, where information
provided is ambiguous, nurses have the lowest percen-
tage of agreement with the CDSS. This result, in short,
highlights how the nurse gives an assessment of the
patient moving towards over-assessment with the
increase in the complexity of cases.

6. Discussion

The triage context has provided a lens through which
to explore the intricate process of individual decision-
making underpinned by cognitive heuristics, shedding
light on how organisational influences intersect with
individual decision-making under conditions of time
pressure and uncertainty.

6.1. The interaction between organizational and
individual factors on nurses’ decisions according
to the complexity level of the triage case

Our research reveals that individual and organisa-
tional factors are interwoven, and the structure of
information of the decision problem can affect the
prevailing of individual factors on organisational
ones and vice versa.

The organisation studies give relevance to the coor-
dination mechanisms and guidelines for activities
coordination and for giving a direction to individual
in their decision-making (Bingham et al., 2007;
Eisenhardt & Martin, 2000; Eisenhardt & Sull, 2001;
Vuori & Vuori, 2014). Our results underline that this
organisational role depends on the structure of infor-
mation of the decision problem. Indeed, the
Goodman-Kruskal index confirms that the degree of
complexity of the triage cases affects the heterogeneity
of the nurses’ responses, and this occurs especially in
complex cases, where the information is missing. In
such case, the individual factors prevail on the orga-
nisational ones in the assignment of the priority code.
The interpretation of ambiguous information is
usually based on the recalling to memory of known
organisational procedures and can be applied for rou-
tine rather than for novel tasks (Rudolph et al., 2009).
The complex Triage case studies can be assimilated to
novel tasks, and the heterogeneity of the nurses’
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responses in these case studies allows us to deduce
the following proposition:

In ambiguous decision problems, cognitive deci-
sion-making leverages on individual characteristics
to supply the missing knowledge and make decision.
Conversely, in routine task the organisation rules are
recalled to make decision.

6.2. Nurses’ over and under assessment
according to the complexity level of the triage
case

The examination of the accuracy of nurses’ assess-
ments (comparing HA to EA) unveils a compelling
pattern. In both simple and complex triage case sce-
narios, there is a proclivity for nurses to overestimate
urgency compared to expert evaluations.

During the interview, a nurse claimed: “In case of
older patients with low priority, we usually make sure to
give them a high priority code so they don’t have to wait
too long and get too tired”. Another nurse
highlighted: ”In case we are unsure, we usually give
a higher priority code than the protocols suggest because
we don’t want to take any chances with the patient’s
safety”.

Thus, in scenarios with clear or ambiguous infor-
mation, nurses may err on the side of caution, choos-
ing a more urgent triage level than warranted to
preclude adverse outcomes. Conversely, intermediate
scenarios reveal a tendency among nurses to under-
estimate urgency. This variance is attributable to the
case design; intermediate scenarios present conflicting
information where objective data may suggest nor-
malcy, potentially overshadowing subjective indica-
tors of serious conditions. Thus, objective stability
can become a pitfall, leading to misjudgements.
According to this, a nurse stressed: ‘in situations with
unclear clinical information, we prefer to base our
decisions on objective cues because they are
indisputable”.

These findings imply that nurses may exhibit risk-
averse behaviour, placing undue emphasis on objec-
tive data when presented with contradictory informa-
tion, which consequently leads to underestimation.

Such behaviour aligns with Ellebrecht’s (2019)
observation that deliberate over-triage by nurses is
a common practice.

Drawing from Beach and Mitchell’s (1978) deci-
sion-making theory, we can infer that nurses select
their decision strategy based on several factors: the
observable impact of their decision, its future signifi-
cance, and their personal accountability for that deci-
sion. In triage, the reversibility of priority codes may
inadvertently encourage less vigilance. However, the
stakes associated with patient outcomes intensify the
accountability, fostering risk aversion.
Organisational constraints (Saghatian et al., 2018)

nurses’
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may inadvertently encourage nurses to assign priority
codes conservatively to shield themselves from poten-
tial repercussions.

These observations let us deduce the following
proposition:

(1) These observations let us to deduce the follow-
ing proposition:

(1) The organisation should give attention to the
accountability of the nurses and define rules or
leverages to reduce the risk aversion behaviours.

(2) Against this backdrop, the organisation could
redesign the Triage process in order to trans-
form it in a collective decision-making, redu-
cing the perception of the accountability of
a single nurse, giving more emphasis to the
reassessment phase of the Triage process.

(3) These findings sound with the statement of
Zachariasse et al. (2019) that recites “there are
more potential factors that could affect triage
systems’ validity, such as the local infrastructure,
the experience and training of the triage nurse,
the presence of a computerized triage applica-
tion or variations in disease epidemiology” (p. 7).
The minimisation of errors in decision-making
can guarantee the right balance between organi-
sational rules (Ramanujam & Rousseau, 2006)
and personal knowledge and experience
(Considine et al., 2007).

6.3. The interaction between the CDSS and nurses
in assigning priority codes to patients

Our study has revealed that there is a divergence
between CDSS and nurses when it comes to assigning
priority codes to patients. The accuracy of the software
is lower (52%), and this can depend on the character-
istics of the CDSS. In Spain, the CDSS in use is
“web_e-PAT”, which enables nurses to input both
qualitative and quantitative patient data (see
Figure 1). Web_e-PAT uses a technology that belongs
to the artificial intelligence domain based on decision
trees, that is, it employs a “tool used to support deci-
sion making through computing expected values of all
decision alternatives in order to identify the best solu-
tion” (Marginean et al., 2010, p. 631), easy to interpret
(Manolopoulou et al., 2015). Hence, the decision trees
technology is based on a function that receives, as
input, a vector of attribute-value pairs and returns
the decision, but as Albu (2017) states, “one advantage
of such a system is that the knowledge is represented
in a language that is very close to the natural one and
this makes it a reliable model. Unfortunately, some-
times this feature is not enough to create a fully func-
tional medical decisional system” (p. 66).

Comparing the outcomes of CDDS with the nurses’
assessments, it emerges a difference in the under- and

over-assessments. In the intermediate cases, the per-
centage of over-assessment of nurses is 21%, whereas
the percentage of over-assessment of the CDSS is 0%,
the conclusion is that nurses assign different weights
to the conditions and symptoms of the patient (sub-
jective information) and make more urgent triage
decisions (each symptomatic category incorporated
into the programme is characterised by a fixed
weight). Also, in complex Triage case studies, we
observe a difference in over and under assessment
between nurses and CDSS.

The perception of nurses about the usefulness of
CDSS is emerged during the interviews. A nurse sta-
ted: “the CDSS can be a support, but the software
cannot observe the patient and does not know how
much he/she appears to suffer. For this reason, in
same case, we assign a different priority code respect
to the CDSS assessment”.

This evidence is confirmed by the majority of
nurses that recognise the support of CDSS in known
and routine patient’s conditions (simple and inter-
mediate Triage cases) even if, in some cases, they
manipulate the information entered in the system to
change the priority code. As example, a nurse told us
that in the interaction with patients affected by parti-
cular diseases (Alzheimer’s, etc.), he/she prefers to
assign them a higher triage level to shorten long wait-
ing times and avoid creating discomfort or chaos in
the waiting room. Consistent with the earlier findings,
it can be inferred that nurses manipulate the CDSS, as
they remain responsible for the decision rather than
the CDSS.

This suggests that the CDSS is not a tool used by the
organisation to influence nurses’ interpretation pro-
cesses, but rather a support that nurses can use if
needed. In its current version, the CDSS does not
effectively assist nurses. Instead, in the emergency
department, a well-designed CDSS could be
a complementary tool integrated into the workflow
and aimed at supporting the first phase of Triage
process, allowing the nurses to dedicate more time to
the reassessment phase. The CDSS could also be an
effective tool to train nurses to be assigned to triage in
the emergency room. The adoption of the CDSS could
be more useful if it evolved into an innovative system
of machine learning (Gunning et al., 2019), capable of
evolving and learning, and able to imitate the capabil-
ities of human intelligence.

7. Conclusions

This study explores the individual decision-making in
triage process that leverages on cognitive heuristics to
make sound decisions with very little knowledge and
acting quickly in the proper environment (Islam et al.,
2014; Marewski & Gigerenzer, 2012); specifically, the
paper investigated the prevalence of organisational



factors over the individual ones in a nurse’s decision-
making process when assigning a priority code to
a patient upon their arrival at the Emergency
Department.

The research is framed in the debate on how the
effectiveness exploitation of information structures in
the social and physical environment characterised by
uncertainty is influenced by different elements: indi-
vidual characteristics related to the experience and
ability of individuals (Ehrig et al., 2021; Galavotti
et al., 2021; Gilbert-Saad et al.,, 2021; Guercini &
Milanesi, 2020; Rudolph et al., 2009); the organisa-
tional factors (Bingham et al.,, 2007; Cyert & March,
1992; Levinthal & Newark, 2023; Simon, 1997); the
features of the decision problem, such as the structure
of information, the time pressure (Stevenson et al.,
2000), the available alternatives (Payne et al., 1993).

The field of study of the triage process developed by
nurses, on the other hand, is a ground rich in research
that has highlighted the complexity of the decision-
making process that nurses carry out in triage and how
the reasoning process underlying is influenced not
only by rational and individual factors but also
guided by organisation (Cone & Murray, 2002).

The prevalence of organisational factors over the
individual ones in this research was achieved
through an experimental set formed by 25 triage
cases, submitted to 35 nurses through interviews;
the research is carried out in two Spanish
Emergency Departments where the triage process is
supported by a CDSS. Our findings highlight how as
the level of complexity of the situation increases,
linked to the ambiguity of the information available,
the organisational context and its factors are less able
to support the reasoning process since the organisa-
tional context is not able to provide useful informa-
tion or provide conflicting information.
Consequently, the nurse decision-maker must appeal
to another decision-making factor, the experience.
The use of experience, being closely linked to the
working experience of the individual nurse, gives
rise to a variability in reasoning processes.

Our results therefore underline how organisational
factors interact with individual factors, an interaction
that constitutes a key element in the triage decision-
making process. The organisational factors can affect
the decision in routine decision problem (Cyert &
March, 1992; Levinthal & Newark, 2023; Simon,
1997), whereas the individual mainly leverages on
own experience and knowledge to solve novel decision
problem, in line with the decision-making processes
developed by many managers in organisations (Ehrig
et al., 2021; Galavotti et al., 2021; Gilbert-Saad et al,,
2021; Guercini & Milanesi, 2020).

An interesting aspect of our study is the role of
organisation as constrain that prompt individuals to
take risk-aversion behaviour. Nevertheless, this study
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underscores the necessity for further research on
human reasoning, particularly in characterising
triage decision-making and medical decision-
making overall (Elwyn et al., 2001). It calls for an
exploration into which organisational aspects exert
the most significant influence on decision-making
processes and how healthcare organisations can
leverage these organisational factors to standardise
reasoning processes. Decision-making processes for-
mulated within the framework of organisational
rules not only diminish decision-making variability
but also alleviate the burden of responsibility on
decision-makers (Levinthal & Newark, 2023).
Indeed, deciding on one’s own experience without
the support of organisational factors can be consid-
ered dangerous by individuals because it increases
the level of responsibility for the possibility of cog-
nitive biases occurring. Therefore, in such situations,
nurses tend to assign a higher priority code due to
heightened complexity in determining triage levels,
driven by risk aversion. This finding is reinforced by
the different assessments made by CDSS whose rea-
soning is based exclusively on organisational rules
without the influence of the risk aversion
phenomenon.

Although the CDSS is not influenced by risk
aversion, the characteristics of the CDSS used in
Triage are not adequate to work effectively in the
situations, yet. In this perspective, this study could
give useful insights also on the design of a CDSS able
to integrate an accurate knowledge of the human
reasoning used by nurses in triage and actively sup-
port decision-making (Islam et al., 2014). Our find-
ings show that the current characteristics of CDSS
are not able to make the correct decisions. On the
one hand, this study highlights the importance of
recognizing the organizational rules and constraints
that impact decision-making processes, even when
individuals rely on heuristics. Our study prompts the
organisation to give more attention to the character-
istics that a CDSS must have to be an effective
support to human decision-making processes in
a society increasingly driven by technology (de
Carvalho Botega & da Silva, 2020). The design of
DSS should be tailored to the decision problem and
be carried out through continuous evolutionary pro-
cesses, in order to minimise possible biases related to
problems, organisation, and environments (Arnott,
2006). Consequently, future studies could monitor
the effectiveness of CDSSs over time in relation to
developments and progress in the field of artificial
intelligence, in order to verify whether the evolution
of the latter, over time, makes these CDSSs more in
tune with the reasoning processes of individuals.

The main limitation of this work resides in the
explorative nature of the research being strongly
dependent on the context and therefore the Triage
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case studies cannot be applied to other clinical con-
texts and the results are not generalised.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Adelaide Ippolito (1) http://orcid.org/0000-0002-3261-4993

Data availability statement

Data are stored at the Department of Industrial Engineering,
University of Naples Federico II. Data will be made available on
request.

References

Alba, B. (2018). Factors that impact on emergency nurses’
ethical decision-making ability. Nursing Ethics, 25(7),
855-866. https://doi.org/10.1177/0969733016674769

Albu, A. (2017, June). From logical inference to decision
trees in medical diagnosis. In 2017 E-Health and
Bioengineering Conference (EHB), Sinaia, Romania (pp.
65-68). IEEE.

Andersson, A. K., Omberg, M., & Svedlund, M. (2006).
Triage in the emergency department — a qualitative
study of the factors which nurses consider when making
decisions. Nursing in Critical Care, 11(3), 136-145.
https://doi.org/10.1111/j.1362-1017.2006.00162.x

Anton, N., Hornbeck, T., Modlin, S., Haque, M. M.,
Crites, M., Yu, D., & Fernandez-Alcantara, M. (2021).
Identifying factors that nurses consider in the
decision-making process related to patient care during
the COVID-19 pandemic. PLOS ONE, 16(7), e0254077.
https://doi.org/10.1371/journal.pone.0254077

Arnott, D. (2006). Cognitive biases and decision support
systems development: A design science approach.
Information Systems Journal, 16(1), 55-78. https://doi.
0rg/10.1111/j.1365-2575.2006.00208.x

Artinger, F., Petersen, M., Gigerenzer, G., & Weibler, J.
(2015). Heuristics as adaptive decision strategies in
management. Journal of Organizational Behaviour, 36
(S1), $33-S52. https://doi.org/10.1002/job.1950

Atanasiu, R. (2021). The lifecycle of heuristics as managerial
proverbs. Management Decision, 59(7), 1617-1641.
https://doi.org/10.1108/MD-08-2019-1025

Basel, J. S., & Briihl, R. (2013). Rationality and dual process
models of reasoning in managerial cognition and deci-
sion making. European Management Journal, 31(6),
745-754. https://doi.org/10.1016/j.em;j.2013.07.004

Baum, R.]., & Wally, S. (2003). Strategic decision speed and
firm performance. Strategic Management Journal, 24(11),
1107-1129. https://doi.org/10.1002/smj.343

Beach, L. R., & Mitchell, T. R. (1978). A contingency model
for the selection of decision strategies. Academy of
Management Review, 3(3), 439-449. https://doi.org/10.
5465/amr.1978.4305717

Benner, P., & Tanner, C. (1987). How expert nurses use
intuition. The American Journal of Nursing, 87(1),
23-34. https://doi.org/10.1097/00000446-198701000-
00012

Benner, P., Tanner, C., & Chesla, C. (1992). From beginner
to expert: Gaining a differentiated clinical world in criti-
cal care nursing. Advances in Nursing Science, 14(3),
13-28.  https://doi.org/10.1097/00012272-199203000-
00005

Bertel, S., & Kirlik, A. (2010). Fast and frugal heuristics. In
J. J. Cochran (Ed.), Wiley encyclopedia of operations
research and management science (pp. 1-8). John Wiles
& Sons, Inc.

Bettis, R. A. (2017). Organizationally intractable decision
problems and the intellectual virtues of heuristics.
Journal of Management, 43(8), 2620-2637. https://doi.
0rg/10.1177/0149206316679253

Bingham, C. B., Eisenhardt, K. M., & Furr, N. R. (2007).
What makes a process a capability? Heuristics, strategy,
and effective capture of opportunities. Strategic
Entrepreneurship Journal, 1(1-2), 27-47. https://doi.org/
10.1002/sej.1

Brighton, H., & Gigerenzer, G. (2012). Homo heuristicus
and the bias-variance dilemma. In J. Schulkin (Ed.),
Action, perception and the brain: Adaptation and cephalic
expression (pp. 68-91). Palgrave Macmillan.

Cavarretta, F. L. (2021). On the hard problem of selecting
bundles of rules: A conceptual exploration of heuristics
emergence processes. Management Decision, 59(7),
1598-1616. https://doi.org/10.1108/MD-09-2019-1322

Chater, N., Oaksford, M., Nakisa, R., & Redington, M.
(2003). Fast, frugal, and rational: How rational norms
explain behavior. Organizational Behavior and Human
Decision Processes, 90(1), 63-86. https://doi.org/10.1016/
S0749-5978(02)00508-3

Christian, M. D. (2019). Triage. Critical Care Clinics, 35(4),
575-589. https://doi.org/10.1016/j.ccc.2019.06.009

Chung, J. Y. (2005). An exploration of accident and emer-
gency nurse experiences of triage decision making in
Hong Kong. Accident and Emergency Nursing, 13(4),
206-213. https://doi.org/10.1016/j.aaen.2005.08.003

Cioffi, J. (1998). Decision making by emergency nurses in
triage assessments. Accident and Emergency Nursing, 6
(4), 184-191. https://doi.org/10.1016/S0965-2302(98)
90077-7

Cioffi, J. (2001). Clinical simulations: Development and
validation. Nurse Education Today, 21(6), 477-486.
https://doi.org/10.1054/nedt.2001.0584

Cone, K. J., & Murray, R. (2002). Characteristics, insights,
decision making, and preparation of ED triage nurses.
Journal of Emergency Nursing, 28(5), 401-406. https://
doi.org/10.1067/men.2002.127513

Considine, J., Botti, M., & Thomas, S. (2007). Do knowledge
and experience have specific roles in triage decision-mak-
ing? Academic Emergency Medicine, 14(8), 722-726.
https://doi.org/10.1197/j.aem.2007.04.015

Cranley, L., Doran, D. M., Tourangeau, A. E., Kushniruk, A.,
& Nagle, L. (2009). Nurses” uncertainty in decision-mak-
ing: A literature review. Worldviews on Evidence-Based
Nursing, 6(1), 3-15. https://doi.org/10.1111/j.1741-6787.
2008.00138.x

Croskerry, P. (2002). Achieving quality in clinical decision
making: Cognitive strategies and detection of bias.
Academic Emergency Medicine, 9(11), 1184-1204.
https://doi.org/10.1197/aemj.9.11.1184

Croskerry, P. (2013). From mindless to mindful practice—
cognitive bias and clinical decision making. New England
Journal of Medicine, 368(26), 2445-2448. https://doi.org/
10.1056/NEJMp1303712

Cyert, R., & March, J. (1992). A behavioural theory of the
firm. Blackwell Business.


https://doi.org/10.1177/0969733016674769
https://doi.org/10.1111/j.1362-1017.2006.00162.x
https://doi.org/10.1111/j.1362-1017.2006.00162.x
https://doi.org/10.1371/journal.pone.0254077
https://doi.org/10.1371/journal.pone.0254077
https://doi.org/10.1111/j.1365-2575.2006.00208.x
https://doi.org/10.1111/j.1365-2575.2006.00208.x
https://doi.org/10.1002/job.1950
https://doi.org/10.1108/MD-08-2019-1025
https://doi.org/10.1108/MD-08-2019-1025
https://doi.org/10.1016/j.emj.2013.07.004
https://doi.org/10.1002/smj.343
https://doi.org/10.5465/amr.1978.4305717
https://doi.org/10.5465/amr.1978.4305717
https://doi.org/10.1097/00000446-198701000-00012
https://doi.org/10.1097/00000446-198701000-00012
https://doi.org/10.1097/00012272-199203000-00005
https://doi.org/10.1097/00012272-199203000-00005
https://doi.org/10.1177/0149206316679253
https://doi.org/10.1177/0149206316679253
https://doi.org/10.1002/sej.1
https://doi.org/10.1002/sej.1
https://doi.org/10.1108/MD-09-2019-1322
https://doi.org/10.1016/S0749-5978(02)00508-3
https://doi.org/10.1016/S0749-5978(02)00508-3
https://doi.org/10.1016/j.ccc.2019.06.009
https://doi.org/10.1016/j.aaen.2005.08.003
https://doi.org/10.1016/S0965-2302(98)90077-7
https://doi.org/10.1016/S0965-2302(98)90077-7
https://doi.org/10.1054/nedt.2001.0584
https://doi.org/10.1054/nedt.2001.0584
https://doi.org/10.1067/men.2002.127513
https://doi.org/10.1067/men.2002.127513
https://doi.org/10.1197/j.aem.2007.04.015
https://doi.org/10.1197/j.aem.2007.04.015
https://doi.org/10.1111/j.1741-6787.2008.00138.x
https://doi.org/10.1111/j.1741-6787.2008.00138.x
https://doi.org/10.1197/aemj.9.11.1184
https://doi.org/10.1197/aemj.9.11.1184
https://doi.org/10.1056/NEJMp1303712
https://doi.org/10.1056/NEJMp1303712

de Carvalho Botega, L. F., & da Silva, J. C. (2020). An
artificial intelligence approach to support knowledge
management on the selection of creativity and innovation
techniques. Journal of Knowledge Management, 24(5),
1107-1130. https://doi.org/10.1108/JKM-10-2019-0559

Ehrig, T., Katsikopoulos, K. V., Jost, J., & Gigerenzer, G.
(2021). An exploratory study of heuristics for anticipating
prices. Management Decision, 59(7), 1750-1761. https://
doi.org/10.1108/MD-05-2021-0619

Eisenhardt, K. M., & Martin, J. A. (2000). Dynamic capabil-
ities: What are they? Strategic Management Journal, 21
(10/11), 1105-1121. https://doi.org/10.1002/1097-0266
(200010/11)21:10/11<1105:AID-SMJ133>3.0.CO;2-E

Eisenhardt, K. M., & Sull, D. N. (2001). Strategy as simple
rules. Harvard Business Review, 79(1), 106-119.

Ellebrecht, N. (2019). Why is treatment urgency often over-
estimated? An experimental study on the phenomenon of
over-triage. Disaster Medicine and Public Health
Preparedness, 14(5), 1-5. https://doi.org/10.1017/dmp.
2019.74

Elwyn, G., Edwards, A., Eccles, M., & Rovner, D. (2001).
Decision analysis in patient care. Lancet, 358(9281),
571-574. https://doi.org/10.1016/S0140-6736(01)05709-9

Ely, J. W., Graber, M. L., & Croskerry, P. (2011). Checklists
to reduce diagnostic errors. Academic Medicine, 86(3),
307-313. https://doi.org/10.1097/ACM.
0b013e31820824cd

Faraj, S., & Xiao, Y. (2006). Coordination in fast-response
organizations. Management Science, 52(8), 1155-1169.
https://doi.org/10.1287/mnsc.1060.0526

FitzGerald, G., Jelinek, G. A., Scott, D., & Gerdtz, M. F.
(2010). Emergency department triage revisited.
Emergency Medicine Journal, 27(2), 86-92. https://doi.
org/10.1136/em;j.2009.077081

Frykberg, E. R. (2005). Triage: Principles and practice.
Scandinavian Journal of Surgery, 94(4), 272-278. https://
doi.org/10.1177/145749690509400405

Galavotti, I., Lippi, A., & Cerrato, D. (2021). The represen-
tativeness heuristic at work in decision-making: Building
blocks and individual-level cognitive and behavioral
factors. Management Decision, 59(7), 1664-1683.
https://doi.org/10.1108/MD-10-2019-1464

Ganju, K. K., Atasoy, H., McCullough, J., &
Greenwood, B. N. (2020). The role of decision support
systems in attenuating racial biases in healthcare delivery.
Management Science, 66(11), 5171-5181. https://doi.org/
10.1287/mnsc.2020.3698

Gerdtz, M. F., & Bucknall, T. K. (2007). Influence of task
properties and subjectivity on consistency of triage:
A simulation study. Journal of Advanced Nursing, 58(2),
180-190. https://doi.org/10.1111/j.1365-2648.2007.
04192.x

Gigerenzer, G., & Kurzenhduser, S. (2005). Fast and frugal
heuristics in medical decision making. In R. Bibace,
J. D. N. V. Laird, & J. K. L (Eds.), Science and medicine
in dialogue: Thinking through particulars and universals
(pp. 3-15). Praeger.

Gigerenzer, G., Todd, P. M., & the ABC Research Group.
(1999). Simple heuristics that make us smart (1st ed.)
Oxford University Press.

Gilbert-Saad, A., McNaughton, R. B., & Siedlok, F. (2021).
Inexperienced decision-makers’ use of positive heuristics
for marketing decisions. Management Decision, 59(7),
1706-1727. https://doi.org/10.1108/MD-09-2019-1330

Goransson, K. E., Ehnfors, M., Fonteyn, M. E., &
Ehrenberg, A. (2008). Thinking strategies used by regis-
tered nurses during emergency department triage.

KNOWLEDGE MANAGEMENT RESEARCH & PRACTICE . 261

Journal of Advanced Nursing, 61(2), 163-172. https://
doi.org/10.1111/j.1365-2648.2007.04473.x

Graber, M., Gordon, R., & Franklin, N. (2002). Reducing
diagnostic errors in medicine: What’s the goal? Academic
Medicine, 77(10), 981-992. https://doi.org/10.1097/
00001888-200210000-00009

Grandori, A. (2010). A rational heuristic model of economic
decision making. Rationality and Society, 22(4), 477-504.
https://doi.org/10.1177/1043463110383972

Guercini, S., & Lechner, C. (2021). New challenges for business
actors and positive heuristics. Management Decision, 59(7),
1585-1597. https://doi.org/10.1108/MD-07-2021-118

Guercini, S., & Milanesi, M. (2020). Heuristics in interna-
tional business: A systematic literature review and direc-
tions for future research. Journal of International
Management, 26(4), 100782. https://doi.org/10.1016/j.int
man.2020.100782

Gunning, D., Stefik, M., Choi, J., Miller, T., Stumpf, S., &
Yang, G. Z. (2019). XAI—Explainable artificial intelli-
gence. Science Robotics, 4(37), eaay7120. https://doi.org/
10.1126/scirobotics.aay7120

Hambrick, D. C., & Mason, P. A. (1984). Upper echelons:
The organization as a reflection of its top managers.
Academy of Management Review, 9(2), 193-206. https://
doi.org/10.2307/258434

Harris, A. L., Chen, C. C., & Perkins, W. J. (2004). Medical
knowledge discovery systems: Data abstraction and per-
formance measurement. Knowledge Management
Research & Practice, 2(2), 95-102. https://doi.org/10.
1057/palgrave.kmrp.8500027

Hauser, J. R. (2014). Consideration-set heuristics. Journal of
Business Research, 67(8), 1688-1699. https://doi.org/10.
1016/j.jbusres.2014.02.015

Hertwig, R., Leuker, C., Pachur, T., Spiliopoulos, L., &
Pleskac, T. J. (2022). Studies in ecological rationality.
Topics in Cognitive Science, 14(3), 467-491. https://doi.
org/10.1111/tops.12567

Hitchcock, M., Gillespie, B., Crilly, J., & Chaboyer, W.
(2014). Triage: An investigation of the process and poten-
tial vulnerabilities. Journal of Advanced Nursing, 70(7),
1532-1541.

Islam, R., Weir, C., & Del Fiol, G. (2014, September).
Heuristics in managing complex clinical decision tasks
in experts’ decision making. In Healthcare Informatics
(ICHI), 2014 IEEE International Conference, Verona,
Italy (pp. 186-193). IEEE.

Johnson, M. P., Zheng, K., & Padman, R. (2014). Modeling
the longitudinality of user acceptance of technology with
an evidence-adaptive clinical decision support system.
Decision Support Systems, 57, 444-453. https://doi.org/
10.1016/j.dss.2012.10.049

Katsikopoulos, K. V. (2011). Psychological heuristics for
making inferences: Definition, performance, and the
emerging theory and practice. Decision Analysis, 8(1),
10-29. https://doi.org/10.1287/deca.1100.0191

Khatri, N., & Ng, H. A. (2000). The role of intuition in
strategic decision making. Human Relations, 53(1),
57-86. https://doi.org/10.1177/0018726700531004

Kozyreva, A., & Hertwig, R. (2021). The interpretation of
uncertainty in ecological rationality. Synthese, 198(2),
1517-1547. https://doi.org/10.1007/s11229-019-02140-w

Leemann, N., & Kanbach, D. K. (2023). Cognitive biases in
resource cognition: Evidence from action research.
Management Decision, 61(9), 2784-2791. https://doi.
org/10.1108/MD-10-2021-1379

Levinthal, D. A., & Newark, D. A. (2023). Putting the indi-
vidual in the organizational context: A Carnegie


https://doi.org/10.1108/JKM-10-2019-0559
https://doi.org/10.1108/MD-05-2021-0619
https://doi.org/10.1108/MD-05-2021-0619
https://doi.org/10.1002/1097-0266(200010/11)21:10/11%3C1105:AID-SMJ133%3E3.0.CO;2-E
https://doi.org/10.1002/1097-0266(200010/11)21:10/11%3C1105:AID-SMJ133%3E3.0.CO;2-E
https://doi.org/10.1017/dmp.2019.74
https://doi.org/10.1017/dmp.2019.74
https://doi.org/10.1016/S0140-6736(01)05709-9
https://doi.org/10.1097/ACM.0b013e31820824cd
https://doi.org/10.1097/ACM.0b013e31820824cd
https://doi.org/10.1287/mnsc.1060.0526
https://doi.org/10.1287/mnsc.1060.0526
https://doi.org/10.1136/emj.2009.077081
https://doi.org/10.1136/emj.2009.077081
https://doi.org/10.1177/145749690509400405
https://doi.org/10.1177/145749690509400405
https://doi.org/10.1108/MD-10-2019-1464
https://doi.org/10.1108/MD-10-2019-1464
https://doi.org/10.1287/mnsc.2020.3698
https://doi.org/10.1287/mnsc.2020.3698
https://doi.org/10.1111/j.1365-2648.2007.04192.x
https://doi.org/10.1111/j.1365-2648.2007.04192.x
https://doi.org/10.1108/MD-09-2019-1330
https://doi.org/10.1111/j.1365-2648.2007.04473.x
https://doi.org/10.1111/j.1365-2648.2007.04473.x
https://doi.org/10.1097/00001888-200210000-00009
https://doi.org/10.1097/00001888-200210000-00009
https://doi.org/10.1177/1043463110383972
https://doi.org/10.1177/1043463110383972
https://doi.org/10.1108/MD-07-2021-118
https://doi.org/10.1016/j.intman.2020.100782
https://doi.org/10.1016/j.intman.2020.100782
https://doi.org/10.1126/scirobotics.aay7120
https://doi.org/10.1126/scirobotics.aay7120
https://doi.org/10.2307/258434
https://doi.org/10.2307/258434
https://doi.org/10.1057/palgrave.kmrp.8500027
https://doi.org/10.1057/palgrave.kmrp.8500027
https://doi.org/10.1016/j.jbusres.2014.02.015
https://doi.org/10.1016/j.jbusres.2014.02.015
https://doi.org/10.1111/tops.12567
https://doi.org/10.1111/tops.12567
https://doi.org/10.1016/j.dss.2012.10.049
https://doi.org/10.1016/j.dss.2012.10.049
https://doi.org/10.1287/deca.1100.0191
https://doi.org/10.1177/0018726700531004
https://doi.org/10.1007/s11229-019-02140-w
https://doi.org/10.1108/MD-10-2021-1379
https://doi.org/10.1108/MD-10-2021-1379

262 (&) A.IPPOLITO ET AL.

perspective on decision making. Frontiers in Psychology,
14, 1165713. https://doi.org/10.3389/fpsyg.2023.1165713

Loock, M., & Hinnen, G. (2015). Heuristics in organizations:
A review and a research agenda. Journal of Business
Research, 68(9), 2027-2036. https://doi.org/10.1016/j.
jbusres.2015.02.016

MacGillivray, B. H. (2014). Fast and frugal crisis manage-
ment: An analysis of rule-based judgment and choice
during water contamination events. Journal of Business
Research, 67(8), 1717-1724. https://doi.org/10.1016/j.
jbusres.2014.02.018

Manolopoulou, E., Kotsiantis, S., & Tzelepis, D. (2015).
Application of association and decision rules on intellec-
tual capital. Knowledge Management Research ¢ Practice,
13(2), 225-234. https://doi.org/10.1057/kmrp.2013.44

Marewski, J. N., & Gigerenzer, G. (2012). Heuristic decision
making in medicine. Dialogues in Clinical Neuroscience,
14(1), 77-89. https://doi.org/10.31887/DCNS.2012.14.1/
jmarewski

Marginean, N., Sirbu, J., & Racovitan, D. (2010). Decision
trees-a perspective of electronic decisional support.
Annales Universitatis Apulensis Series Oeconomica, 12
(2), 631-637. https://doi.org/10.29302/0economica.2010.
12.2.15

Marti, R., & Reinelt, G. (2022). Exact and Heuristic methods
in combinatorial optimization (Vol. 175). Springer.

Maule, A. J., & Edland, A. C. (1997). The effects of time
pressure on judgement and decision making. In
R. Ranyard. (Ed.), Decision Making: Cognitive models
and explanation (pp. 189-204). Routledge & Kegan Paul.

Montibeller, G., Shaw, D., & Westcombe, M. (2006). Using
decision support systems to facilitate the social process of
knowledge management. Knowledge Management
Research & Practice, 4(2), 125-137. https://doi.org/10.
1057/palgrave kmrp.8500092

Mousavi, S., & Gigerenzer, G. (2014). Risk, uncertainty, and
heuristics. Journal of Business Research, 67(8), 1671-1678.
https://doi.org/10.1016/j.jbusres.2014.02.013

Mousavi, S., & Kheirandish, R. (2014). Behind and beyond
a shared definition of ecological rationality: A functional
view of heuristics. Journal of Business Research, 67(8),
1780-1785. https://doi.org/10.1016/j.jbusres.2014.03.004

Newell, B. R., Weston, N. J., & Shanks, D. R. (2003).
Empirical tests of a fast-and-frugal heuristic: Not every-
one “takes-the-best”. Organizational Behavior and
Human Decision Processes, 91(1), 82-96. https://doi.org/
10.1016/S0749-5978(02)00525-3

Nibbelink, C. W., & Brewer, B. B. (2018). Decision-making
in nursing practice: An integrative literature review.
Journal of Clinical Nursing, 27(5-6), 917-928. https://
doi.org/10.1111/jocn.14151

Nikolaeva, R. (2014). Interorganizational imitation heuris-
tics arising from cognitive frames. Journal of Business
Research, 67(8), 1758-1765. https://doi.org/10.1016/j.
jbusres.2014.03.001

Patel, V. L., Kaufman, D. R., & Kannampallil, T. G. (2013).
Diagnostic reasoning and decision making in the context
of health information technology. Reviews of Human
Factors and Ergonomics, 8(1), 149-190. https://doi.org/
10.1177/1557234X13492978

Payne, J. W., Bettman, J. R, & Johnson, E. J. (1993). The
adaptive decision maker. Cambridge University Press.

Ramanujam, R., & Rousseau, D. M. (2006). The challenges
are organizational not just clinical. Journal of
Organizational Behavior, 27(7), 811-827. https://doi.
org/10.1002/job.411

Rudolph, J. W., Morrison, J. B., & Carroll, J. S. (2009). The
dynamics of action-oriented problem solving: Linking
interpretation and choice. Academy of Management
Review, 34(4), 733-756. https://doi.org/10.5465/AMR.
2009.44886170

Saghafian, S., Hopp, W. J,, Iravani, S. M., Cheng, Y., &
Diermeier, D. (2018). Workload management in teleme-
dical physician triage and other knowledge-based service
systems. Management Science, 64(11), 5180-5197. https://
doi.org/10.1287/mnsc.2017.2905

Shah, A. K., & Oppenheimer, D. M. (2008). Heuristics made
easy: An effort-reduction framework. Psychological
Bulletin, 134(2), 207-222. https://doi.org/10.1037/0033-
2909.134.2.207

Simon, H. A. (1957). Models of man. Wiley.

Simon, H. A. (1997). Administrative behavior: A study of
decision-making processes in administrative organizations
(4th ed.). The Free Press.

Stevenson, F. A., Barry, C. A., Britten, N., Barber, N., &
Bradley, C. P. (2000). Doctor-patient communication
about drugs: The evidence for shared decision making.
Social Science & Medicine, 50(6), 829-840. https://doi.
org/10.1016/S0277-9536(99)00376-7

Tanner, C. A. (2006). Thinking like a nurse: A
research-based model of clinical judgment in nursing.
The Journal of Nursing Education, 45(6), 204-211.

Varshney, U. (2014). Mobile health: Four emerging themes
of research. Decision Support Systems, 66, 20-35. https://
doi.org/10.1016/j.dss.2014.06.001

Vuori, N., & Vuori, T. (2014). Comment on Heuristics in
the strategy context by Bingham & Eisenhardt (2011).
Strategic Management Journal, 35(11), 1689-1697.
https://doi.org/10.1002/smj.2259

Watson, S. (1994). An exploratory study into a methodology
for the examination of decision making by nurses in the
clinical area. Journal of Advanced Nursing, 20(2),
351-360. https://doi.org/10.1046/j.1365-2648.1994.
20020351.x

Zachariasse, J. M., van der Hagen, V., Seiger, N., Mackway-
Jones, K., van Veen, M., & Moll, H. A. (2019).
Performance of triage systems in emergency care:
A systematic review and meta-analysis. British Medical
Journal Open, 9(5), e026471. https://doi.org/10.1136/
bmjopen-2018-026471


https://doi.org/10.3389/fpsyg.2023.1165713
https://doi.org/10.1016/j.jbusres.2015.02.016
https://doi.org/10.1016/j.jbusres.2015.02.016
https://doi.org/10.1016/j.jbusres.2014.02.018
https://doi.org/10.1016/j.jbusres.2014.02.018
https://doi.org/10.1057/kmrp.2013.44
https://doi.org/10.31887/DCNS.2012.14.1/jmarewski
https://doi.org/10.31887/DCNS.2012.14.1/jmarewski
https://doi.org/10.29302/oeconomica.2010.12.2.15
https://doi.org/10.29302/oeconomica.2010.12.2.15
https://doi.org/10.1057/palgrave.kmrp.8500092
https://doi.org/10.1057/palgrave.kmrp.8500092
https://doi.org/10.1016/j.jbusres.2014.02.013
https://doi.org/10.1016/j.jbusres.2014.02.013
https://doi.org/10.1016/j.jbusres.2014.03.004
https://doi.org/10.1016/S0749-5978(02)00525-3
https://doi.org/10.1016/S0749-5978(02)00525-3
https://doi.org/10.1111/jocn.14151
https://doi.org/10.1111/jocn.14151
https://doi.org/10.1016/j.jbusres.2014.03.001
https://doi.org/10.1016/j.jbusres.2014.03.001
https://doi.org/10.1177/1557234X13492978
https://doi.org/10.1177/1557234X13492978
https://doi.org/10.1002/job.411
https://doi.org/10.1002/job.411
https://doi.org/10.5465/AMR.2009.44886170
https://doi.org/10.5465/AMR.2009.44886170
https://doi.org/10.1287/mnsc.2017.2905
https://doi.org/10.1287/mnsc.2017.2905
https://doi.org/10.1037/0033-2909.134.2.207
https://doi.org/10.1037/0033-2909.134.2.207
https://doi.org/10.1016/S0277-9536(99)00376-7
https://doi.org/10.1016/S0277-9536(99)00376-7
https://doi.org/10.1016/j.dss.2014.06.001
https://doi.org/10.1016/j.dss.2014.06.001
https://doi.org/10.1002/smj.2259
https://doi.org/10.1002/smj.2259
https://doi.org/10.1046/j.1365-2648.1994.20020351.x
https://doi.org/10.1046/j.1365-2648.1994.20020351.x
https://doi.org/10.1136/bmjopen-2018-026471
https://doi.org/10.1136/bmjopen-2018-026471

	Abstract
	1. Introduction
	2. Theoretical framework
	2.1. The triage process
	2.2. Individual and organizational issue affecting heuristics effectiveness in triage evaluation
	2.3. CDSS sustaining decision-making in triage process

	3. Rationale and research propositions
	4. Methodology
	4.1. Research method
	4.2. Design of the experimental set
	4.3. Data collection and analysis

	5. Results
	5.1. Nurses’ assessment according to the complexity of cases
	5.2. Correctness of nurses’ assessments compared to the expert cases assessment
	5.3. Effectiveness of CDSS through an analysis of the difference in assessment both between the CDSS and the expert and between CDSS and nurses

	6. Discussion
	6.1. The interaction between organizational and individual factors on nurses’ decisions according to the complexity level of the triage case
	6.2. Nurses’ over and under assessment according to the complexity level of the triage case
	6.3. The interaction between the CDSS and nurses in assigning priority codes to patients

	7. Conclusions
	Disclosure statement
	ORCID
	Data availability statement
	References



