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Abstract 

 

Purpose – The purpose of this study was to explore an area where recurrent critical 

decisions in healthcare are taken, capture decision outcomes and analyse the variance 

which is produced as a result of judgemental error. Design/method – The study took a non-

practitioner’s (outsider) standpoint and utilised an experimental, blinded, randomized 

controlled trial using Simulation-Based Research (SBR) methods, with a control group and 

two experimental groups, to address the hypotheses and purpose of the study. A tailor-made 

web-application was developed specifically for participants to self-report and rate their mood, 

score triage judgements on fictitious emergency cases, provide a justification, and share 

details about their personality traits. Sessions were conducted at the hospital administration 

building and University campus, and participants were not allowed to interact with the 

academic personnel on the setup and configuration. Findings – Despite being inconclusive, 

results unveiled variances in judgements from the selected sample in a simulated 

environment. Under time pressure and distractions, participants performed better (a possible 

explanation being the inverted U theory). Participants shared the common personality traits 

of conscientiousness, agreeableness and extraversion. Neuroticism was one of the reported 

lower scores among all groups which could possibly indicate that the participants are well-

trained to perform the task or that their personality traits fit the bill. Research limitations – 

The sample of participants was not representative of the whole population. Navigating a 

pandemic and post-pandemic environment led to underestimating the amount of time 

required to complete the project, hence the setting up of research sessions appointments 

was challenging, causing participant attrition. Future studies should consider re-testing the 

research software to improve temporal stability and response bias, and find alternative 

sources to share cross-border information related to hospital admissions or triage-related 

statistics. Practical implications – The risks of cognitive biases in emergency medicine and 

diagnostic error are significant; measures to mitigate these risks need to be put in place and 

may include improved staff training and education, implementation of cognitive aids and 

decision support tools, simulation-based research and the creation of a culture of safety and 

openness that promotes learning from errors. Originality/value – The term ‘noise’ in 

behavioural studies and academia (the unwanted variability in judgements) is being 

considered as much of a concern in professional decision-making as bias. The study itself is 

a demonstration of a real-life application of a noise audit and presents an opportunity to 

industry to further expand on such an approach at dealing with the analysis of variance. 

 

Keywords – Bounded Rationality, Judgemental Error, Variance Analysis, System Noise, 

Healthcare management, Triage, Simulation-based Research 
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1. Introduction 

Smoke detectors are a critical component of fire safety systems, designed to detect 

smoke particles in the air and alert occupants of a building to the potential danger of 

a fire. They can increase the likelihood of surviving a fire by up to 50%1. Effective 

implementation of smoke detectors requires an understanding of the principles 

behind their design and operation, including the types of detectors available, their 

placement, and maintenance. In this study, the smoke detector concept is explored 

in the context of managerial decision making, since errors and judgments are an 

inevitable part of decision-making processes and given that organisational leaders, 

management, employees and decision-makers deal with false-positive and 

negatives repeatedly and under various circumstances. 

 

The error component which refers to the portion that is influenced by random factors 

or uncontrollable variables, can lead to incorrect decisions. It is claimed that bias 

and noise – which is referred to in the literature as ‘the unwanted variability in 

human judgement’ – are the main contributors to such errors (Baron & Hershey, 

1988; Simonsohn, 2013; Arkes & Blumer, 1985; Frederick & Mochon,2012). Bias 

refers to the systematic distortion leading to a deviation from the true value; whilst 

on the other hand, noise refers to the variability or randomness in the information 

used in the decision-making process. This can arise due to measurement errors, 

individual differences, or other uncontrollable factors.  

 

Early empirical studies by Kahneman and Tversky (1972) have demonstrated the 

impact of these factors; others highlighted the role of unwanted variability in medical 

decision-making, particularly in emergency situations (Croskerry & Singhal, 2013). 

Strategies such as training professionals to recognise and correct for bias, or to 

reduce the impact of noise through the use of multiple sources can be implemented 

to mitigate the impact of human error. The purpose of this study, therefore, is to 

serve as a pilot project enabling the deployment of simulation-based research tools 

in an attempt to better understand the decision-making processes and judgements 

where recurrent critical, clinical decisions are taken.  

 

  

 
1 National Fire Protection Association (NFPA; https://www.nfpa.org) 

https://www.nfpa.org/
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1.2 Goals 

 

Two main goals are devised. The first is to deploy a team of experts to simulate a 

‘noise audit’ to capture decision outcomes and analyse any unwanted variances 

resulting from judgemental errors, thus gaining a better understanding of the extent 

of variability in judgements and zone of tolerance from a 'non-practitioner’ standpoint 

(outsiders). A secondary goal is to have the study serve as a referential exploratory 

exercise for further research in the field. 

 

 

1.3 Rationale  

 

A 2012 study carried out by the Department of Neurology at the Johns Hopkins 

Hospital concluded that “diagnostic errors appear to be the most common, most 

costly and most dangerous of medical mistakes” (Smith et al., 2012) supporting the 

claim in medical research that misdiagnosis accounts for the most severe cases of 

patient harm); this was also echoed by the World Health Organisation (2016). Given 

that emergency practitioners working within Emergency Departments are among the 

first professionals to determine diagnosis, decisions at this initial stage are critical to 

the patient’s chances of survival. Therefore, from a managerial point of view, the 

impact of these routine decisions on overall emergency room management need to 

be understood so that key stakeholders, such as consulting doctors and hospital 

management will be in a better position to lower the chances of having false-positive 

or false-negative judgements distorting system flow and therefore impacting hospital 

operations.  

 

1.4 Description 

 

The study hypothesised that emergency department staff would be more prone to 

make errors and vary from the actual Emergency Severity Index (ESI) Triage score 

(set by consulting doctors) under time pressure and whilst being distracted – the 

experimental groups – than a group judging the same 12 fictive emergency cases 

free from stressors – the control group. The stressors were inflicted via a software 

simulator on two groups; at baseline, participants completed a brief questionnaire 

assessing their mood. The groups then judged 12 fictitious emergency cases based 
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on the latest version2 of the ESI Triage Algorithm and providing open-ended 

justifications for their judgements. Post-intervention, participants were assessed on 

their Personality Traits via the Newcastle Personality Assessor (NPA). 

 

1.5 Summary 

 

This exploratory study unearthed literature, theories and empirical studies 

emanating from the behavioural sciences, management, health and scientific 

journals to better understand the phenomena contributing to error generation and 

solutions to mitigate the possibility of erroneous professional judgements. The 

exercise was an attempt at examining the judgemental variability of fifteen 

professionally active emergency nurse practitioners, and eventually determine the 

zone of tolerance within an Emergency Department with which hospital 

management can cope. This evolved into a deeper examination and dissection of 

the concept of bounded rationality and ‘noise’ in decision-making, and how the 

scientific community measured and dissected error through modern history (the true 

value, and the error component). The study itself is a demonstration of a practical 

application of a ‘noise audit’, presenting an opportunity to industry, practitioners and 

non-practitioners to further expand on such an approach at dealing with the analysis 

of variance in various domains. The inconclusive observations imply that a need for 

future simulation-based research could be an essential foundation in “decision-

making” under particular conditions.  

 
2 Emergency Severity Index Version 4 
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2. Review of the Literature 

Following a systematic process3, which entailed reviewing empirical studies from 

reputable journals and databases, the existing body of knowledge on bounded 

rationality and managerial decision-making was unearthed, compiled and presented 

to ‘set the scene’ for deeper insights into how cognitive limitations affect human-

decision-making in different contexts, with a focus on emergency medicine, the 

treatment of statistical error, measurement uncertainty with the true value and error 

component, being a source of conceptual controversies notably the recent 

discussions on system noise and unwanted variability and judgements. 

  

Human decision-making is a complex and multi-faceted process, shaped by a range 

of cognitive, social, and environmental factors. The first sections provide an 

overview of key contributions to the development of bounded rationality - the notion 

that individuals make rational decisions, but their decision-making process is limited 

by their cognitive abilities. The specific views of notable scholars such as Herbert 

Simon, George Shackle, James G. March, Kahneman, Fisher Black, William 

Deming are discussed. 

 

The interplay between bias and noise is also brought into focus – two key 

components of total error – and the potential strategies for reducing the occurrence 

of errors. Additionally, it highlights the importance of considering individual 

personality differences and mood states when studying judgemental variability. This 

review advances the understanding of the complex nature of decision-making and 

its implications for real-world situations linking with recent literature on system noise, 

factors that generate noise, and the critical responses to the concept of noise as 

presented by Kahneman et al. (2021) in their recent non-fiction publication, with a 

particular focus on decisions made under critical conditions in emergency medicine. 

Recommendations for reducing the occurrence of errors in acute hospital care have 

also been explored, following which the resulting research questions and 

hypotheses were formulated to explore the extent of professional nurses' 

judgemental variability and the role personality plays in occupational settings. 

 

 

  

 
3 Refer to Annex I, “Review of the Literature (Process)” 
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2.1 The Concept of Bounded Rationality 

Humans typically choose an alternative that satisfies their sufficiency criteria rather 

than conducting a comprehensive cost-benefit analysis to identify the best course of 

action, as evidenced by various studies, such as Jordão et al. (2018), who 

highlighted the significance of cognitive biases in decision-making. They posited that 

people tend to rely on heuristics and mental shortcuts rather than rational analysis, 

which can lead to decision-making errors. Pulford's (2017) research on 

overconfidence in human judgement focuses on the tendency of individuals to have 

more confidence in their judgements than is justified by the evidence. The author, 

argues, that overconfidence can result in poor decision-making outcomes, whilst 

Illankoon and Tretten (2020) explored the impact of judgemental errors in aviation 

maintenance, pointing towards the fact that judgemental errors can be influenced by 

several factors, such as time pressure, fatigue, and inadequate training. 

Furthermore, they also emphasised the significance of effective decision analysis 

and error management in preventing judgemental errors.  

 

People and professionals are therefore constrained, or rather, ‘bound’ by their 

cognitive abilities. Bounded rationality is a concept that recognises the limitations of 

human decision-making, specifically, the fact that individuals have finite cognitive 

resources and may not always have access to all the information needed to make 

optimal decisions (Jones, 1990). The idea was first introduced by Herbert Simon in 

his work on decision-making processes in economic and organizational contexts 

(Simon, 1955). Simon suggested that individuals often rely on heuristics, or "rules of 

thumb," to simplify complex decision problems and reduce cognitive effort. His work 

on bounded rationality has had a significant impact on the field of decision-making, 

and his contributions have been widely recognised in academia. 

 

George Shackle further built on Simon’s work, emphasizing the role of imagination 

and uncertainty in decision-making (Shackle, 1972). Shackle argued that individuals 

must use their imagination to generate alternative scenarios and explore different 

possibilities, as well as recognize the inherent uncertainty and ambiguity of decision 

situations. Creativity and imagination can be relevant in entrepreneurial contexts, 

where individuals must make decisions in highly uncertain and dynamic 

environments. Augier and Kreiner (2008) too suggested that intelligence can play a 

significant role in decision-making. They noted that individuals with higher levels of 

intelligence may be better able to process and analyse complex information, leading 
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to more accurate predictions and better decision-making. In their 2008 study, they 

observed that successful entrepreneurs often possess high levels of creativity and 

imagination, enabling them to generate novel ideas and solutions to complex 

problems. In addition to intelligence, social factors can additionally play a significant 

role in group decision-making processes such as group size, diversity, and 

communication patterns which can all impact the quality of group decision-making 

(Stasser & Titus, 1985). Other factors, such as power dynamics and group 

cohesion, can also influence outcomes (Janis, 1972). Jones (1990) suggests that 

bounded rationality can explain why groups may have difficulty reaching a 

consensus, as members may have different perspectives.  

 

March (1994) extended the concept of bounded rationality further, highlighting the 

importance of intuition and the limitations of the Savage paradigm which assumes 

that individuals make decisions based on a rational evaluation of all available 

information. March too, argued that intuition and emotion could be important factors 

in the decision-making process. 

 

  



13 

 

Costs associated with Bounded Rationality 

 

Radner (1993) introduced the concern that there could be costs linked with 

information gathering and processing efforts, which poses a financial burden to 

decision-making within organisations, arguing that individuals and groups must 

balance the benefits of additional information with the costs of acquiring that 

information. He suggested that individuals and groups should focus on the expected 

value of different outcomes when making decisions. The costs associated with 

information gathering and processing can be particularly relevant in organizational 

contexts, where decisions may have significant financial and strategic implications 

(Simon, 1979). Jones (1990) also noted that the fact that humans are rationally 

bound  can lead to a number of decision-making biases, such as overconfidence 

and confirmation bias4.  

 

Organisational leaders may therefore need to consider factors such as information 

overload, information bias, and the opportunity costs of information gathering and 

processing when making decisions (Acciarini et al., 2020). These biases could 

potentially have an influence on, and lead to, suboptimal decision outcomes and can 

be particularly problematic in complex and uncertain decision situations. Effective 

decision-making, decision analysis, and error management are therefore essential 

components in professional contexts. Decision-makers must be aware of their 

cognitive biases, and limitations, and engage in rational analysis to improve decision 

outcomes. By recognizing the limitations of human decision-making, individuals and 

organisations can make more informed and effective decisions in a range of 

contexts. 

  

 
4
 Confirmation bias is the tendency to favour information that confirms pre-existing beliefs or expectations (Oxford 

Dictionary) 
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2.2 Total Error and Unwanted Variability in Judgement 

In the context of decision-making, bounded rationality can contribute to the 

possibility of human errors by limiting the accuracy and precision of the decisions 

made. Total error refers to the overall error or uncertainty associated with a 

measurement or analysis and can arise from various sources, including 

measurement error, sampling error, data processing error, and modeling error (ISO, 

1994). 

 

Accuracy is a critical factor in measuring total error, as it reflects the degree to which 

a measurement or analysis accurately reflects the true value or quantity being 

measured (ISO, 1994). Measurement error, in particular, is a primary source of total 

error; the accuracy of a measurement can be assessed by comparing it to a 

reference or target value using statistical methods such as mean bias, mean 

absolute error, and root mean square error (ISO, 1994). For instance, in laboratory 

testing, the accuracy of a measurement can be evaluated by analysing quality 

control samples with known reference values or participating in proficiency testing 

programs (Westgard, 2020). By minimizing measurement error through accuracy, 

individuals can reduce total error and improve the quality and reliability of the 

measurement or analysis. This is especially critical in fields where accurate 

measurements are essential for decision-making, such as clinical medicine, 

environmental monitoring, and quality control in manufacturing (ISO, 1994). 

 

The concept of total error and measurement of uncertainty in managerial decision-

making can be traced back to Deming’s (1986) contributions in his work on quality 

control and management, where the importance of recognizing the concept was 

popularised and emphasised. Deming's ideas on quality control and management, 

including his focus on reducing total error and measuring uncertainty, have had a 

significant impact on manufacturing, engineering, and other fields that require high 

levels of precision and accuracy. The American statistician is often considered the 

father of the modern quality control movement, and his work has influenced the 

development of international standards and best practices for quality control and 

management. 
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Since then scholars have researched the topic and identified a number of cognitive 

biases and heuristics that can contribute to total error. Baron (2015), for example, 

argued that errors in judgement can arise from biases in information processing, 

mistakes in assessing the likelihood of events, and errors in determining the value of 

outcomes; whereas (Fischhoff, 1975; Fischhoff et al., 1978) conducted empirical 

studies that demonstrate how individuals often overestimate the likelihood of rare 

events and underestimate the likelihood of common events, the role of feedback in 

reducing errors in judgement, and the failure to use base rate information when 

making judgements. Arkes (1991) explored the idea of hindsight bias in total error, 

finding that individuals tend to overestimate their ability to predict the outcome of 

events after the fact occurs, leading to overconfidence in their decision-making 

abilities.  

 

One real-world example of total error can be observed in Ai Weiwei’s 2017 

documentary film "Human Flow", where the decisions made by governments and 

individuals affect the response to the global refugee crisis. The production is a clear 

demonstration of how cognitive biases and heuristics can lead to significant errors in 

judgement, such as when governments underestimate the scale of the crisis or fail 

to provide adequate support for refugees. Inconsistency in many real-world 

judgements, therefore, can have major negative consequences, in the form of 

random unfairness, injustice, and misallocation of resources.  
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An overview of the statistical treatment of Error in Science 

 

In statistical science, when verifying a test that gives quantitative results, 

imprecision and bias are taken into account, with the latter often measured 

repeatedly over a small number of samples (Joint Committee for Guides in 

Metrology, 2008). In contrast, bias is typically measured using a large set of 

samples to cover the whole measuring range, and then calculating either average 

bias or bias as a function of concentration. When measuring error and dissecting 

error, therefore, rather than its components, researchers often look at the accuracy 

element, meaning the closeness of agreement between a test result and the 

accepted value. Westgard et al. (1974; 2008) for example, provide an overview of 

the concept of total analytic error (TAE). Its importance in laboratory testing is 

emphasised and sources of error that can contribute to TAE, including systematic 

error (such as calibration), random error (such as imprecision or variability), and 

biological variation are tackled and discussed. TAE represents the overall error that 

we find in a test result (Westgard, 2008). It gives an upper limit on the total error of a 

measurement with a selected level of confidence. The idea behind TAE is illustrated 

in Figure A.1. A mathematical formula, presented in absolute terms is proposed for 

calculating TAE; where SD denotes Standard Deviation (the width of the normal 

distribution), and Z is a factor based on confidence level. 

 

 

∴ 
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Bias is a result of systematic errors in measurements, and it tells us how far the 

mean of the distribution is from the true value and which of the two is higher - a 

positive bias means that the measured results tend to be somewhat higher than the 

true concentration in the sample whereas a negative bias means that the measured 

results tend to be lower than the true value. Bias gives us the distance between the 

true value and the mean value, and Z * SD describes how much further from the 

true value the measured result can be with our selected confidence level (as 

depicted in Figure A.1). 

 

 

 

Figure A.1 – Normal distribution and the true value; equation for TAE  

(Source: finbiosoft.com) 

 

 

Furthermore, Westgard provides guidance on how to minimise TAE, given 

measurement uncertainty 5,6 in laboratory testing, including the importance of 

appropriate quality control procedures, measurement traceability, and data analysis; 

emphasizing the need for ongoing education and training for laboratory 

professionals to ensure that they have the necessary knowledge and skills to 

perform high-quality testing. 

 
5   Evaluation of measurement  data — Guide to the expression  of uncertainty in measurement : Guide 

to the expression of uncertainty in measurement - JCGM 100:2008 (GUM 1995 with minor corrections - 
Evaluation of measurement data (bipm.org), accessed 27 APR 2023 
 
6 The first international recommendation for measurement uncertainty was approved by International 

Committee for Weights and Measures in 1981, https://www.bipm.org/en/committees/ci/cipm  

https://www.bipm.org/documents/20126/2071204/JCGM_100_2008_E.pdf/cb0ef43f-baa5-11cf-3f85-4dcd86f77bd6
https://www.bipm.org/documents/20126/2071204/JCGM_100_2008_E.pdf/cb0ef43f-baa5-11cf-3f85-4dcd86f77bd6
https://www.bipm.org/documents/20126/2071204/JCGM_100_2008_E.pdf/cb0ef43f-baa5-11cf-3f85-4dcd86f77bd6
https://www.bipm.org/en/committees/ci/cipm
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2.3 Kahneman’s view of Total Error: identifying ‘Noise’ in the real 

world 

In their recent publication, “Noise”, Kahneman et al. (2021) shift their focus to the 

real world, as opposed to a lab environment, and note that: 

 

“Most of the time professionals have confidence in their own judgement. 

They expect that colleagues would agree with them, and they never find out 

whether they actually do. In most fields in the real world, a judgement may 

never be evaluated against a true value and at most will be subjected to 

vetting by another professional who is considered a respect-expert. Only 

occasionally will professionals be faced with a surprising disagreement, and 

when it happens, they will generally find reasons to view it as an isolated 

case. The authors acknowledge that true experts exist in domains where 

their skills can be verified and compared with the results; such as Chess 

Masters” (p. 369). 

 

Popularised in 2016, the publication amply illustrates the scale of the problem of 

inconsistent judgements, backing their case on the presence of system noise, a 

phenomenon often overlooked (Harvard Business Review, 2016). The authors view 

bias as “systematic errors of judgement” and that “bias is error we can often see and 

even explain” (Kahneman et al., 2021, p. 229), they point out that ‘judgement’ 

should be understood as “a form or measurement in which the instrument is a 

human mind”. Like physical measurements, it is the process of assigning a score to 

an object, but unlike physical measurements, the score does not have to be a 

number - it is the process of assigning a score that results in noise. To help readers 

conceptualise this distinction better, a visual and an equation (the mean squared 

error is equal to bias squared plus noise squared) are portrayed, and their argument 

is sustained by a number of real-world scenarios and studies, where the variability in 

judgements of all kinds is explored - from court sentencing to insurance 

underwriting, to medical diagnosis. The authors distinguish between the two using a 

shooting-range metaphor (Figure A.2). If all the shots land systematically off-target 

in the same direction, that’s bias (Target B); less accuracy is due to statistical bias; 

some of the shots might even be on target (Target A); an indication that the 

collective judgement is accurate. The issue here is not missing the target but a lack 

of consistency - given the same facts, one criminal gets life and another who is 

equally guilty is liberated. By contrast, noise is all over the place (Target C) because 
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the shots differ much from each other. Lastly, target D portrays the largest error 

since it has both bias and noise. 

 

 

 

Figure A.2 – An adaptation of a model on how statistical noise and statistical bias affect error in 

judgement. (Source: Wikipedia.com) 

 

 

The authors, put forward evidence in the form of key studies signalling the presence 

of the issue of unwanted variability in a number of domains, building their argument 

that there is more to bias when affecting decisions. Kahneman et al., (2021) cite a 

study of 208 criminal judges (Clancy, Kevin, et al., 1981), which uncovered 

significant variations on 16 fictive cases; another concern was a study which 

revealed French court judges were more forgiving if the defendant’s birthday 

occurred to be that day (Chen & Arnaud, 2020).  

 

Similarly in the business world, specifically in recruitment and insurance, a meta-

analysis by Allen et al. (2013), demonstrated that a quarter of the time, two separate 

recruitment interviewers disagreed on which potential candidate was the best fit for 

the job, despite the interviewers forming part of the same panel, whereas, 

concerning underwriters, they mention their own experiment, where they claim that, 

within an insurance company, the median premiums set independently for the same 

five fictive customers varied by 55% (five times as much as expected by most 

underwriters and their executives). Radiologists and psychiatrists are not immune to 

this phenomenon as well, as evidenced by one study (Craig et. al, 1996) which 

showed that whereas some radiologists never produced false negatives (missed 

real breast cancer) when examining mammograms, others did so half the time. 

Psychiatrists tend to be exposed to such risks as well, as demonstrated in one study 
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(Ahmed, et al., 2006) where professionals who independently diagnosed 426 state 

hospital patients agreed on which mental illness the patient suffered from only in 

half of the cases. 

 

Kahneman et al. (2021) propose that unwanted inconsistency between individuals 

(“judges”) – what they refer to as ‘system noise’ – can be usefully divided into level 

noise where judges differ consistently over cases in a particular “direction” from 

each other, and pattern noise, where there is no consistent “direction of difference” 

over cases but sometimes one judge responds higher than the other and sometimes 

lower. An example of level noise is where one examination marker is strict and gives 

consistently lower scores than a second over a number of scripts. Pattern noise is 

the deviation that occurs when a judge is unusually affected by a specific situation 

for one reason or another. An example of pattern noise would be where one judge in 

sentencing monetary theft cases solely takes account of the amount stolen, while a 

second judge takes account only of the impact on the victim. These differences will 

lead to a quite variable picture where sometimes one judge is more severe and 

sometimes the other is more severe, even if the overall arithmetic difference 

between the judges is zero. Stable pattern noise arises due to permanent or semi-

permanent differences between judges, and what the authors call 'the first lottery' in 

how one's case will be judged; whereas 'the second lottery' deals with occasion 

noise and thus whether or not the judge makes the judgement on an occasion 

beneficial or not, to those affected by the judgement. Occasion noise can be 

attributed to factors such as the weather, mood, time of day, the order in a series of 

judgements or the order that information is presented. Kahneman and colleagues 

stress that, “there is typically more noise than statistical bias” 7 (Kahneman et al. 

2021, p. 61) and they suggest that, within the noise, there is typically more pattern 

noise than level noise; within pattern noise, there is typically more stable pattern 

noise than occasion noise; stable pattern noise is typically larger than level noise on 

its own (refer to Figure A.3). 

 

 
7 Statistical bias is a purely mathematical result of the judgements being systematically wrong in one direction, 

whereas psychological bias can arise from a multitude of cognitive effects in thinking, as well as from prejudices, 
and can lead both to statistical bias and to noise ( https://en.wikipedia.org/wiki/Bias_(statistics) ) 

https://en.wikipedia.org/wiki/Bias_(statistics)
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Figure A.3 - An adaptation of the components of Total Error, their typical proportions and how 

they add up to total error in judgements, as Proposed by Kahneman (Source: Wikipedia.com) 

 

 

 

Factors Causing ‘Noise’ 

 

Humans in general tend to be pattern seekers (Shermer & Linse, 2002); people 

constantly search for causal explanations and are often satisfied with shallow ones 

that they often do not attempt to disprove. The authors call this the causal mode of 

thinking - what Kahneman (2011) had dubbed as the brain's “System 1”, in contrast 

to “System 2”, the statistical mode. As emphasised in “Noise”, humans find it easy to 

maintain the illusion of agreement due to a variety of factors including a common 

professional language, common rules, and a common understanding of what factors 

should influence our decisions. In other words, people assume that everyone sees 

the world the same way that they do. In terms of system noise, where different 

judges disagree with each other, these differences may well reflect differences in 

training and experience. There are various other reasons which are put forth for why 

noise is more difficult to detect than bias, aside from the difficulty the human mind 

has with comprehending and detecting randomness. Kahneman et al. (2021) make 

a distinction between action-based and plan-based errors, where, with regards to 

the former they explain that the plan itself could have been adequate, but was not 

executed as intended (Hollnagel, 1993; Reason, 1990). These errors can be further 

divided into those due to “Slips of action” or “Lapses” of memory (e.g., 

misremembering a phone number; or forgetting to replace a mask after taking it off). 
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Different action-based errors may also affect different judges' assessments of the 

same cases and lead to errors, even when judges are attempting to apply correct 

judgement procedures. However, some noise could also be attributed to plan-based 

errors (Reason, 1990), in that different judges may follow procedures or plans for 

judging that will lead to different conclusions. In plan-based errors, the plan itself is 

flawed and would never work even if executed perfectly. 

 

Kahneman et al. (2021) also point to factors such as perceptions which could lead 

people to believing that there could be so much unwanted variability between judges 

that bad decisions are often considered to be rare exceptions or outliers made by 

"bad apples", rather than important data points to look out for. Apart from situational 

variables such as, time of day fluctuations in arousal, mood, time-pressures, fatigue, 

hunger, distractions, which may well have systematic effects on level noise, and be 

different on different occasions, the authors single out moment-to-moment 

fluctuations in brain efficacy. 

 

At a very fine grain level the brain's c. 86 billion neurons are subject to constant 

changes (neural loss and growth) and variations in energy supplies, and so the 

individual's brain is never in exactly the same state on two different occasions (FA 

Azevedo, et al., 2009) In other words, brain instability may cause random noise 

between occasions. The point they make here is that relative stability of 

performance over time is more concerning than instability or noise over occasions 

(personality over mood) and that given the existence of noise in repeated 

judgements by the same individuals, disagreement between individuals is inevitable. 

Kahneman, Sibony and Sunstein (2021) argue that measuring noise therefore 

requires deliberate efforts, since: "Noise is inherently statistical: it becomes visible 

only when we think statistically about an ensemble of similar judgements.” (p. 206). 

 

As an advantage over measuring bias, they also state that noise can be measured 

even when the true value of the judgement task is unknown. To detect bias, one has 

to know what the right answer is, or “stand at the front of the target” so one can see 

the bullseye. Noise, however, requires no such particulars since is detectable no 

matter which side of the target you are standing on; all one needs to know is 

whether or not there is variability. 
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Measuring and reducing unwanted variability 

 

Kahneman, Sibony and Sunstein (2021) use the metaphor of decision hygiene to 

describe the use of various techniques that can reduce noise in human judgement. 

They assimilate the idea to the situation in an operating theatre, where, if something 

goes wrong during surgery it is not necessarily because of scalpel misuse but 

because the highly skilled surgeon forgot to perform proper hand hygiene before 

entering. Noise reduction is seen as accompanying bias reduction and therefore can 

help address long-known but still persistent problems of bias as well. This is both 

because bias can be decreased as a direct result of noise reduction and because 

reducing noise will make bias easier to spot, since less variability in the data means 

less masking of the bias error. This however, could pressure decision-makers into 

having to decide whether to adopt rules and standards, which is often a decision as 

to which type of costs in terms of errors one is keenest to avoid: those costs caused 

by variance in judgement or the costs of errors introduced by rigid rules. The type of 

technique most suitable for the given situation depends on the type of judgement.  

 

The proposed techniques can be categorised into two. One path is to aid judges in 

various ways, such as which factors they look at, how they weigh the different 

factors and how they use the scale in question. Drawing from Van de Ven and 

Delbecq’s (1974) findings, when the first person to voice a view in a group 

disproportionately influences others, the proposed remedy to this issue is to have 

group members formulate their views individually before any discussion begins and 

then submit them. After submission and discussion, the recommendation is to have 

each individuals' (revised) views submitted for averaging. Conducting ‘Noise Audits’ 

is another key technique supported by the authors (Kahneman et al., 2021); noise 

audits can be performed in organizations where different judges routinely make 

judgements on many similar cases, anonymous and independent decisions are 

collected by professionals on carefully prepared fictive cases. The amount of ‘noise’ 

is then calculated. Judges and executives asked beforehand to reveal their 

confidence in their judgements and how much noise there will be, which the authors 

write can further increase the likelihood of “eye-opening” moments when the results 

are eventually presented to management.  
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An alternate path to decision hygiene is to replace human judgement with 

algorithms in full. In 1954, the prominent psychologist Paul Meehl (1954) showed 

that statistical models could predict human behaviour better than clinical 

psychologists do. Similarly, in medicine, or aviation, statistical models have long 

been shown to be superior to doctors in prognostic prediction and even clinical 

diagnosis (Jung J. et al., 2020), because those models can unbiasedly weigh 

multiple factors that humans cannot. Kahneman et al. (2021) therefore propose 

replacing human judges, with simple rules or algorithms, thus reducing occasion 

noise completely and therefore displaying less average error than human judges 

(Grove & Meehl, 1996). 

 

 

All the strategies weaved into one 

 

The Mediating Assessment Protocol (MAP) was developed by Kahneman et. al 

(2021) for particular judgement tasks and is based on the idea that by designing a 

structured assessment process and mediating the assessments of multiple 

assessors, it is possible to reduce the impact of noise on decision-making. With 

MAP, all their strategies are weaved into one and the technique is put forth to help 

ensure that all judges address all relevant aspects of the items to be judged and 

apply similar weightings to all the aspects. They argue that organizations of many 

different kinds should use MAP for group decisions that require considering and 

weighing multiple dimensions. An organization that is, for example, contemplating 

an acquisition would need to conduct individual assessments on the cultural, 

financial, and legal implications if they were to use this approach. They argue that 

this separation of evaluations offered through MAP is crucial because it requires 

thorough assessments of each aspect, which can then be used to form the basis of 

a final decision. This would not make the decision easier, they concede, but the 

emphasis on a good process will make the decision better.  
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The process consists of three main steps. First, one should identify the problem or 

decision that needs to be made. This involves defining the objective of the decision, 

determining the relevant criteria for making the decision, and identifying the 

stakeholders involved. Secondly, MAP requires one to design an assessment 

process that is tailored to the specific decision at hand. This involves identifying the 

sources of noise that are likely to affect the decision, designing a set of questions or 

tasks that will elicit the relevant information, and selecting the appropriate 

assessors. Finally, comparing the assessments of different assessors, identifying, 

and resolving any discrepancies or biases, and arriving at a final decision that takes 

into account the assessments of all the assessors. 

 

Overall, the authors of these strategies raise the point that while professionals might 

be willing to acknowledge and correct bias in their judgements, they are far less 

willing to admit to the variance among judges or between judgements. They argue 

that MAP, noise audits, and other noise-reducing strategies raised in the work, can 

be applied to a wide range of decision-making contexts, including hiring, 

performance evaluations, and medical diagnoses, and could go far in helping to 

arrive at better solutions to operational problems. 
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Critical Response to Kahneman’s Approach 

 

Notwithstanding the positive feedback in the press, the numerous examples and the 

seemingly easy-to-follow methodology presented by Kahneman et. al in ‘Noise’ 

(2021), the book received a substantial amount of critique, notably, the work 

sparked significant discussions among experts and opinion leaders worldwide. 

Finance Minister Paschal Donohoe, for example, is quoted as stating that noise 

reduction may come “at the expense of the diversity of thought and outlook that is 

central to human agency" and that "guiding decisions towards a central average can 

create vulnerabilities" (The Irish Times, 2021). 

 

Szreder (2021) notes that the authors have not been well-exposed to statistical 

science as evidenced by their questionable claim at a point in the book where they 

state that "causation does imply correlation" (Kahneman 2021, p. 143). Blastland 

(2021), Nguyen (2022) (hailing from medical field), Gelman (2013) (from political 

science), and Ortmann (2021) (psychology), challenged the point that the concept of 

noise in human judgement is presented as something new when the ideas of noise 

and bias have been explored by notable theorists such as Fisher (1920), Black 

(1986), and Deming (1940), way before Kahneman et al., and who dedicated their 

works to this matter. Fisher (1920) invented the analysis of variance that partitions 

the variation of measurement into two sources: between-group and within-group 

variation, where the between-group variation represents a signal and within-group 

variation represent noise. Similarly, Francis Galton had already demonstrated the 

power of the “wisdom of crowds” (Galton, F., 889), by proposing the noise reduction 

strategy of replacing individual judgements with the average from multiple judges. 

 

Szreder (2021) further questions the necessity of coining new terms, such as "level 

noise" and "pattern noise," when existing terms such as "between-people variation" 

and "within-people variation" have already been accepted. Gilhooly and Sleeman 

(2022) share similar concerns, noting that the authors' use of the term "noise" may 

give the impression that randomness underlies inconsistency, which is not always 

the case. 

 

Doherty et al. (2021) and Gilhooly (2022) consider that while Kahneman et al.'s 

focus on practical issues is appealing to a lay audience, they overlook classic 

approaches in Social Judgement Theory (Hammond, 1955) and Human Factors 

research, where complex human judgements play a large role. In Social Judgement 
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Theory, for instance, "level noise" between judges would be reflected in different 

constants in their best-fitting linear equations, while "pattern noise" would be 

explained by different weights for various attributes. "Occasion noise" could be 

effectively represented by the overall fit of the model to an individual. Gilhooly and 

Sleeman (2022) note that Kahneman et al.'s argument, that reducing noise reduces 

error, is perhaps not easy to follow, and is not intuitively obvious; nonetheless, they 

praise the fact that their argument is made clear by the use of diagrams. They also 

point to the fact that while the focus on the negative impact of inconsistency is 

understandable, not all inconsistency is unwelcome, particularly in group 

judgements where a degree of inconsistency can provide valuable diversity. Bland 

and Altman (1986) have addressed this issue in the medical domain, where 

judgements of the severity of a condition can have significant consequences 

depending on levels. 

 

Overall, while “Noise” is a valuable contribution to the study of human judgement, 

the general feedback overlooks classic approaches to analysing judgement and 

raises some questionable claims. 
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2.4 The Role of Mood, Personality and Emotions in Decision-

making 

 

The intricacies of decision-making have intrigued researchers for decades, with 

much of the focus traditionally placed on rationality and logic. However, a growing 

body of evidence suggests that our emotions, personality traits, and mood play 

substantial roles in shaping the choices we make. The notion that people's 

judgements are often biased in the same direction as their current mood state, has 

been supported by a wealth of research on personality and judgement, with the 

phenomenon often referred to as affective or mood congruence bias (Bower, 1981; 

Schwarz, 1983; Isen; 1984; Forgas; 1995; Forgas, et al.; 1984).  

 

Theories, such as Gray's (1981; 1994) seminal approach to extraversion8 and 

neuroticism9, illustrated the central role of motivation and emotion in personality; 

these traits predispose people to experience more frequent and intense positive and 

negative affect, respectively.  

 

Emotion-related individual differences seem to include processing biases that 

influence judgements, and these processes often involve the way people use 

affective information or mood states in making judgements (Clark & Teasdale, 1985; 

Rusting, 1998; Schwarz & Clore, 1983). Therefore, taking a closer look at 

personality characteristics can help explain why different people reach different 

conclusions even when experiencing the same emotions. Johnson and Tversky 

(1983) demonstrated this in a study which involved participants reading newspaper 

stories about tragic events, thereby inducing negative moods, which in turn seemed 

to bias people's judgements in a negative (pessimistic) direction. Personality traits 

tended also to impact aspects of individuals' knowledge management behaviours 

and academic performance (Esmaeelinezhad & Afrazeh, 2018; Mammadov, 2021). 

Tamir and colleagues (Tamir, Robinson & Clore, 2002) examined how quickly 

people can categorise words along evaluative dimensions and demonstrated that 

extraverts tend to classify objects as both desirable and undesirable more quickly 

when in positive moods, whereas people high in neuroticism classify both positive 

and negative words quicker when in negative moods. Similarly, Rusting's (1999) 

 
8 Extraversion is "the quality of being outgoing and socially confident; the fact of enjoying one's company and being 

energized by social interaction." – The Oxford Dictionary 
9 Neuroticism is defined as "a personality trait characterized by anxiety, fear, moodiness, worry, envy, frustration, 

jealousy, and loneliness." – The Oxford Dictionary 
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study found that participants were more likely to recall positive words from a list if 

they reported more state-positive affect and if they were extraverted. Moods seem 

to facilitate these judgements when they are consistent with a person's traits. Peters 

and Slovic (2000), Rusting and Larsen (1998), and Uziel (2006) sustain the idea that 

personality variables are important in mood-congruent 10 cognition, especially under 

natural mood conditions. Individuals' self-esteem levels also play a role in the extent 

to which they rely on their emotions when making judgements (Harber, 2004).  

 

Individual behaviour is the result of an interaction between a person and a situation, 

a mixture of several unique personality traits that reflect a lifestyle, level of thinking, 

feeling, emotions, attitude, and acting. Individual personality differences are crucial 

when considering emotion and judgement generally, and whether or not emotions 

help decision-making more specifically. The influence of personality is sometimes 

mediated by how emotional states interact with personality, which can make 

emotions' influence helpful for some people and harmful for others (Ristvedt & 

Trinkaus, 2004) and the notion that Judgements and decisions may be easier to 

predict, even indirectly, through emotional states is supported by Nettle (2007) and 

Zelenski, (2007). Any professional responsibility an individual holds, therefore, not 

only significantly influences behaviour but can potentially have an impact on the 

organization as a whole. It is therefore essential to comprehend the different types 

of personalities and their potential effect on decision-making (Madhura, 2020). 

 

 

 

  

 
10 Mood congruence is “The consistency between a person's emotional state with the broader situations and 

circumstances being experienced by the person at that time. By contrast, mood incongruence occurs when the 
individual's reactions or emotional state appear to conflict with the situation” Source: 
https://en.wikipedia.org/wiki/Mood_congruence  

https://en.wikipedia.org/wiki/Mood_congruence
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2.5 Decisions under critical Conditions: The Case for Emergency 

Medicine 

 

The practice of Emergency Medicine in acute hospital care is a unique field of 

medicine characterised by inconstancy, uncertainty, variety, and complexity. The 

nature of emergency medicine and emergency departments is such that physicians 

experience many different forms of uncertainty. The unpredictable nature of 

emergency cases means that clinical staff are often required to make decisions 

under pressured ambient conditions. Medical professionals must make quick 

decisions under pressure while dealing with a variety of injuries and illnesses within 

narrow time windows (Zavala et al., 2018). 

 

Cognitive sciences research has identified common biases that impact the thinking 

process, several of which also have implications for the practice of Emergency 

Medicine (EM) (Croskerry, 2000). Clinical outcomes in emergencies are the result of 

a complex interplay of organizational, systems, workload, time pressure, teamwork, 

individual, human factors, and case complexity, as noted by Zavala et al. (2018). 

The challenges of EM are further compounded by the emotional labour required to 

manage the precariousness of the role (Kirk & Edgley, 2021).  

 

Indeed, the problem of human error in healthcare is well-documented. Wrong 

medical diagnoses, missed, or delayed make up a large fraction of all medical errors 

and cause substantial suffering and injury (Graber, 2005), with most errors being 

attributed to cognitive biases (Norman & Eva, 2010) and errors of omission or 

commission, as evidenced by Braddock et al. (1997). Despite using techniques and 

methods such as Root Cause Analysis to identify and mitigate the root causes of 

error, human error contributing to sentinel events persists (Deeter & Rantanen, 

2012). Acute medical decisions are a clear example of decisions typically taken 

under time pressure, utilizing limited information, in an environment rich with 

interruptions and other unpredictable factors (Stone, 2019; Soola, 2022). Because 

the volume of patient admissions to an emergency department (ED) cannot be 

precisely planned, the available resources may become overwhelmed at times 

(“crowding”), with resulting risks to patient safety. 

 

 

  



31 

 

Therefore, to manage emergency departments effectively, triage systems are 

implemented in Hospitals around the world to assess the severity of incoming 

patients’ conditions and assign treatment priorities effectively. The concept of triage 

emerged from the French Service de Sante` (Robertson-Steel, I., 2006) and the 

organisational structure necessary to manage the growing number of casualties in 

modern warfare. Eventually, in the 19th century, it served as hospital administration 

to overcome the unjust and medically unreasonable consequences of an 

unsystematic ad-hoc selection of casualties (Ellebrecht, N., 2019). The triage nurse 

is typically the first person a patient encounters when presenting for emergency care 

in the ED (AlMarzooq, 2020), therefore, knowledge of triage among nurses is one of 

the key elements of supervision and decision-making, if it is not carried out at 

stander level, the outcomes of care of patients and efficiency of ED get 

compromised. The triage nurse’s decision about the acuity, or risk level, for each 

patient could therefore potentially result in multiple consequences, including the 

patient’s initial prioritization of care and his or her room placement within the 

emergency department; it also affects on the amount of time that elapses before the 

patient is assessed by a provider.  

 

Research efforts and adaptation of the triage system along the years saw the sector 

develop the Australasian Triage Scale (ATS), the Canadian Triage and Acuity Scale 

(CTAS), the Manchester Triage System (MTS), and the Emergency Severity Index 

(ESI) which are the four major kinds, with five-level triage systems being valid and 

reliable methods for assessment of the severity of incoming patients’ conditions by 

nursing staff in the emergency department (Christ M, et al., 2010). Until today, 

however, triage systems are often applied incorrectly, (Moon., et al., 2019), with 

mis-triage over and under-triage rates being a well-known phenomenon, which in 

turn, increases mortality rates. Over-triage is believed to occur in unclear situations 

and to comply with normative demands "within" the strict margins of an 

administrative concept11 (Tarnutzer, et al., 2017; Grossmann, et al., 2014; Rashid, 

et al., 2021; Rashid, et al., 2021). "Better to over- than to under-triage” is often used 

colloquially among health professionals as evidenced by Ellebrecht’s (2019) 

research on the overestimation of treatment urgency. 

 

 

 

 
11 
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Recommendations to Reduce the Occurrence of Error in Acute Hospital Care 

 

As hospitals and trauma centres face increasing globalization, the resulting work 

ambiguity, and task complexity, introduce a need for greater managerial adaptability 

and speed (Dinur, A., 2011). Adhering to evidence-based recommendations by 

reputable experts and reliable scientific results from empirical studies could 

therefore save millions annually in funding to sustain trauma centres (Newgard, C. 

D., 2013a). Croskerry (2000) proposes a number of opportunities to overcome 

interdisciplinary, linguistic, and other historical obstacles to develop a sound 

approach to understanding how to think in EM, leading to a better awareness of 

cognitive processes and an improved capacity to teach effectively about cognitive 

strategies. However there is still limited evidence which suggests that strategies 

directed at encouraging both kinds of reasoning (System 1 vs System 212) will lead 

to limited gains in accuracy. In practical terms, Dirik, H. F., et al. (2019) 

demonstrated that nurses can identify medication errors, but are reluctant to report 

them, with fear of the consequences being the main reason given. When errors are 

reported, it is likely to be to physicians and not nurses. In an attempt to capture and 

reduce the occurrence of an error, critical care practitioners are therefore 

encouraged to apply debriefings with colleagues to mitigate the adverse feeling after 

medical errors (Kaur, 2019); re-organise and re-design healthcare spaces (Kirk et 

al., 2022); request second opinions (Clayton, et al., 2022; Klein & Mccoll, G. et al. 

2019), and adopt a positive attitude toward evidence-based practice, medical error 

literature, self-improvement and development (MAJID et al., 2011; Handler et al. 

2000; Vickrey et al., 2010; Hartigan et al., 2020).  

 

Ashby and Smith (2000) argue that the natural statistical framework should ideally 

be a Bayesian approach to accompany decision-making and should be incorporated 

in routine decision-making, whilst training programs and standardisation of 

processes to strengthen Triage Decision-Making (TDM) skills  were suggested as 

implementation measures to improve sustainable under/over triage rates by Soola 

et al., (2022) and Escobar Jr., Morris (2016) 

 

The recommendations featured above and in studies such as Singh et. al, (2016) 

proposed to the World Health Organization (WHO), call upon key stakeholders to 

 
12 Kahneman’s thesis is a differentiation between two modes of thought: "System 1" is presented as fast, instinctive 

and emotional; "System 2" is slower, more deliberative, and more logical in “Thinking, fast and slow. (2011) New 
York :Farrar, Straus and Giroux, 
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come together from multiple disciplines to address the many common challenges 

and opportunities. A number of sources however, confirm that is unlikely that a 

‘magic bullet’ is found and the need for a multifaceted approach is therefore 

demanded to understand and address the many systems and cognitive issues 

involved in ‘diagnosing’ diagnostic error (Singh, Schiff GD, Graber ML, et al., 2017). 
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2.6 Research Questions and Hypotheses 

In organisations where recurrent critical decisions are taken, such as hospitals, and 

specifically within emergency departments, management would typically ask 

questions about the operational and administrative aspects related to the current 

patient volume, average wait time, resource shortage and safety issues, to name a 

few. These questions help management evaluate the effectiveness of current 

policies and procedures, identify areas for improvement and thereby resulting in a 

significant impact on staff performance.  

 

On the basis of the research goals and review of the literature, the following 

questions, dealing with the performance aspects of the individual practitioners were 

developed to guide the research investigation: 

 

i. To what extent do professional nurses differ in their judgement of 

emergency case scenarios? 

 

ii. To what extent do professional nurses vary in their own judgement of 

emergency case scenarios? 

 

iii. To what extent does personality play a role in judgemental variability?  

 

Following Itiel Dror’s13 series of noise audits (Kahneman et. al., 2021) and his credo 

that “wherever there’s judgement there must be noise”, two hypotheses were 

formed and tested. It was first hypothesised that professional nurses are more prone 

to make mistakes under time pressure when judging emergency cases, it was also 

envisaged that the aggregate error, in the form of variance from the true value for 

the experimental groups, will be higher than that of the control group. The ultimate 

scope was to record the extent and impact of intra and inter-subjective variability 

across different judgements. Secondly, it was also hypothesised that participants 

personality traits could possibly play a pivotal role in judgemental variability. 

 

  

 
13 Dror, I., Melinek, J., Arden, J. L., Kukucka, J., Hawkins, S., Carter, J., & Atherton, D. S. (2021). Cognitive bias in 

forensic pathology decisions. In Journal of Forensic Sciences (Vol. 66, Issue 5, pp. 1751–1757). Wiley. 
https://doi.org/10.1111/1556-4029.14697 
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3. Method 

Preliminary data gathering and exploration of a poorly understood subject can be 

pursued through exploratory research. This approach aids in the formulation of more 

refined hypotheses and research questions for subsequent studies (Strauss & 

Corbin, 1990). Moreover, interdisciplinary research efforts can offer fresh insights 

into a research problem and may uncover previously unnoticed connections and 

insights.  

 

In this case conducting medically-related research can take different paths, with 

researchers positioning themselves as either insiders, such as medical practitioners, 

or outsiders, such as non-practitioners. Insiders have direct access to patients and 

clinical settings enabling them to collect data efficiently, notwithstanding the fact that 

they must navigate ethical challenges, such as maintaining patient confidentiality 

(Brown, 2018). Outsiders, on the other hand, might face barriers in gaining access 

and should establish partnerships or rely on existing datasets; they may not face the 

same ethical dilemmas, but can provide a more objective, less biased viewpoint. 

      

This study adopted an outsider’s, non-practitioner stance and employed a 

comprehensive methodology to investigate any unwanted variability by emergency 

nurses’ judgements of emergency cases in a simulated environment. The method 

incorporated a lab-type approach, combining Likert scales to measure data 

quantitatively and open-ended post-judgement questions to support the participants’ 

choices. Through utilizing this multifaceted methodology, a deeper understanding of 

the participants’ decision-making process can be achieved. 

 

 

3.1 Study Design 

 

Experimental designs involve using several treatment groups, having each receive a 

unique treatment, and then measuring and comparing outcome. An experimental, 

blinded, randomised controlled trial using Simulation-Based Research (SBR) 

methods and involving a control group and two experimental groups was deemed 

best to address the hypotheses and fit the purpose of this study14. Creswell and 

Creswell (2017) stress the importance of this qualitative phase in exploratory 

 
14

 Refer to Annexes Figures and Tables, Figure B.8 “Methodological Appropriateness” 
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research, highlighting how it provides the foundation for more structured, 

hypothesis-driven research. 

 

The research utilised the implementation of a tailor-made web-application research 

software and sessions were carried out at the hospital administration building and 

University campus. The system was purposely programmed and customised, and it 

allowed participants to self-report and rate their mood, score triage judgements on 

fictitious emergency cases and provide a justification through open-ended 

responses, and finally share details about their personality traits. Participants were 

not allowed to interact with the implementation and academic personnel on the 

setup and configuration.  

 

3.2 Sampling 

 

A voluntary response sampling technique was used as the Malta Emergency 

Nurses’ Association’s (MENA)15 committee was formally contacted and to help 

recruit 24 emergency nurses currently working in Malta as Charge Nurses or Staff 

Nurses. Direct recruiting or ‘hand-picking’ was avoided to reduce instances of bias, 

namely social desirability bias. As to the inclusion and exclusion criteria, participants 

were required to be presently working at Mater Dei Hospital in Malta (the main 

hospital on the island). Roles eligible to participate in the study included Charge 

Nurses or Senior Staff Nurses. Students, research nurses and practitioners working 

in Gozo or hospitals other than Mater Dei as well as Ambulance staff were 

excluded.  

 

MENA assisted by sending communications in the form of emails and triggered 

word-of-mouth, informing, and inviting its members occupying the role of emergency 

nurses to participate. Initially, no information about this list was provided (in line with 

data protection constraints). The communication contained official information about 

the study and a link to an online form asking potential respondents to submit their 

personal details, academic qualification, and work experience, and, in doing so, 

confirm their interest16. 

 

 
15 The Malta Emergency Nurses Association (MENA), https://maltacvs.org/voluntary/the-maltese-emergency-

nurses-association     
16

 Refer to Annexes, C.3 – Participation form (and consultation) 

https://maltacvs.org/voluntary/the-maltese-emergency-nurses-association/
https://maltacvs.org/voluntary/the-maltese-emergency-nurses-association/
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A unique code was assigned to each participant to maintain anonymity. Upon 

filtering the list for eligible participants, personal characteristics (such as name, age, 

and gender) were eventually blinded to produce objective judgements at a later 

stage in the research, therefore reducing the chances of halo effect17 and social 

desirability bias by assuring anonymity when answering questions. Ethics approval 

was sought from the Faculty Research Ethics Committee (FREC)18 at the University 

of Malta and informed consent was obtained from participants at the beginning of 

each simulation session19. Participants contributed out of their time, and voluntarily. 

This neutral, non-polarised, incentive-free approach allowed for gather a pool of 

participants with specifically defined characteristics and with a genuine will to 

contribute. 

 

3.3 Drafting and development of hypothetical vignettes 

 

A total of 15 synthetic patient cases were drafted and finalised by three consulting 

doctors, all specialising in emergency medicine20 (5 cases assigned to each medic). 

Emergency triage level in the form of case priority21 was assigned according to the 

Emergency Severity Index (ESI) and based on the triage scoring ratio identified from 

the data on casualty admissions provided by Mater Dei hospital management 22, for 

the period 2018-2020. It was also decided to exclude any reference or fictitious 

symptoms related to COVID-19 cases to circumvent any memory recall to ESI 

algorithms deployed to adapt and cater specifically to handle the COVID-19 

situation. Paediatric cases were excluded since the statistics related to minors 

provided by the hospital’s management indicated that their influence on the scores 

was negligible. 

 

European hospital administrations, emergency departments and emergency nurses’ 

associations were contacted to provide relevant statistics23 which could help 

compare Malta’s figures to the rest of Europe, however, given the incomplete, 

incongruent and unreliable data, no common trends were identified in casualty 

admissions or severity among EU Member States.  

 
17

 The Halo Effect is the tendency for an impression created in one area to influence opinion in another area, 

Thorndike, E.L. (1920). 
18

 REDP Application ID FEMA-2021-00221 
19

 Refer to Annexes, C.5 - “Consent Form(s) 
20

 Refer to Annexes, B.3 – “Collaborator Consent Forms” 
21

 Refer to Figure B.2: Emergency Nurses Association, ESI Triage Algorithm version 4 

22 Refer to Annexes, D.1 - “ED Visits by ESI Categories” 
23 Refer to Annexes, D.2 - “EU27 Hospital ED Statistics” 
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Details such as underlying conditions, medical history and vital signs were also 

included in the hypothetical vignettes; patient personal data and background 

information such as education, ethnic origin, age, gender expression and sexual 

orientation, genetic information, political opinion, and economic status were omitted 

to reduce the chance of any unwanted form of bias. To avoid the chance of priming 

participants the use of imagery was excluded, and, before implementing the 

vignettes in the web application, testing for reliability was carried out as is deemed 

essential to minimise potential sources of error in research projects to ensure the 

reliability and validity of findings (McHugh, 2012). Studies must therefore include 

procedures that measure agreement among the various data collectors, that is, 

interrater reliability. Two of the most common measures, Percentage Agreement 

and Cohen’s Kappa were considered, and the former method was chosen since it 

was deemed that the consulting doctors had sufficient experience in serving in an 

emergency setting (approximately 5 to 8 years) and therefore little guessing was 

likely (Mc Hugh, 2012). Each consulting doctor validated the others’ cases. A matrix 

was created 24 in which the columns represented the different raters - the rows 

represented cases drawn up by the raters; the cells in the matrix contained the 

scores the data collectors entered for each variable. An overall agreement level of 

93% was achieved. 

 

 

Development of a Tailor-made Web Application (Web App) 

 

The 12 cases for which full agreement was reached were subsequently included in 

a web application in vignette format. A fellow researcher voluntarily developed the 

application25 using Python26; the web interface and client level processing were 

developed in HTML27, CSS28 and JavaScript29. In line with the research hypotheses, 

three separate modalities were developed within the application – one flow was free 

from any time constraints or distractions, the second included a time restriction of 18 

minutes (90 seconds per case), whilst the third modality flashed coloured labelled 

plates as a distraction (the Stroop Effect) in addition to the time limit. 

 
24 See Annexes, “Table B.1: Interrater Agreement Exercise - Results” 
25 Refer to Annexes B.3, “Collaborator Consent Forms” 
26

 What is Python? Executive Summary, https://www.python.org/doc/essays/blurb/  
27

 HTML (Hyper Text Mark-up Language), https://en.wikipedia.org/wiki/HTML 

28
 CSS (Cascading Style Sheets), https://en.wikipedia.org/wiki/CSS  

29 JavaScript, https://en.wikipedia.org/wiki/JavaScript  

https://www.python.org/doc/essays/blurb/
https://en.wikipedia.org/wiki/HTML
https://en.wikipedia.org/wiki/CSS
https://en.wikipedia.org/wiki/JavaScript
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3.4 Stress as emotional activation and protocols for stress 

induction 

 

To ensure both accurate physiological results and ethical treatment of research 

participants, it is preferred to create a controlled and manageable emotional stressor 

that induces significant emotional stress when studying the physiological effects of 

sudden arousing and negative emotional events (Brouwer & Hogervorst, 2014). 

Whereas stress is a widely used term and is defined in multiple ways, depending on 

the areas of study that address it, the term stressor refers to “any environmental 

demand that creates a state of tension or threat (stress) and requires change or 

adaptation (adjustment) (Morris, Maisto 2014). 

 

Ortega Ferreira’s remarks (Ferreira, 2019) were taken into consideration when 

considering the criteria for environmental stimuli to transform into emotional 

activators. Novelty (Rose, 1980) unpredictability (Mason, 1968) and lack of control 

(Sapolsky, 1993) and threat of potential harm or loss (Blascovich, Tomaka,1996) 

were singled out in her 2019 study on the design of non-invasive procedures. This 

poses a challenge for researchers considering the need to create protocols for 

stress induction that meet all ethical standards and generate a sufficient level of 

stress to evaluate the effects of this variable memory, and should therefore be taken 

with great caution to avoid generating long-term negative effects on subjects. 

 

 

Implementation of Time Pressure and Distraction Protocols 

 

Two tests which were designed to induce stress in humans and can be useful tools 

in simulation-based experiments are the Cold Pressor Task (CPT) and the Trier 

Social Stress Test (TSST). Both enjoy high acceptance by the scientific community 

and widespread use in psychology and neurosciences (Krischbaum et al. 1993; 

Coan, 2006). Alternative protocols are designed from a combination of traditional 

procedures or involve the execution of specific tasks (such as the Sing-a-song-

Stress-Test and Montreal Imaging Stress Test). The Stroop Colour and Word Test 

(SCWT) which has demonstrated its easy and economical application, and 

effectiveness (Ortega Ferreira, 2019), consists of presenting plates on which the 
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words “YELLOW”, “RED”, “BLUE” and “GREEN” are written in different colours that 

do not correspond to the one express in the text.  

The SCWT was deemed as the best option to serve this study, popping up as a 

fictitious distraction while participants judge emergency cases, thereby mimicking 

real-life scenarios (Figure A.4). The virtual nudge drives the participant to read the 

text, while trying to avoid mentioning the colour in which it is written to be able to 

proceed. This test is applied in different clinical and experimental contexts; in the 

case of the study of the effects of stress, it is used to demonstrate that it produces 

an increase in the reactivity of blood pressure (Gianaros, et al. 2005). Time pressure 

protocols (such as a countdown timer) typically involve imposing time constraints on 

participants as they complete a task or make a decision. Their use has also been 

found to elicit a range of physiological and psychological responses, including 

increased heart rate, heightened arousal, and decreased performance (Nater, et al., 

2006; Staal, 2004). 

 

 

      

Figure A.4 - An illustration of the experiment set-up (left) and the Stroop-styled prompt (right) 

 

3.5 Measuring the Effect of Mood and Personality 

 

While personality studies tend to focus on an individual's traits and behaviour within 

the context of their environment over an extended period of time, it is worth noting 

that our daily moods can also significantly affect our actions, thoughts, and emotions 

(Bower, 1978; Isen, & Daaubman, 1984; Larsen, et al., 2001). In dealing with 

perceptions and measures of personality, the Big Five Personality Traits (also 
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referred to as the Five Factor Model) of openness to experience, conscientiousness, 

extraversion, agreeableness, and neuroticism (Costa & McCrae, 1992) are widely 

accepted for describing human personality by academics and researchers. 

Empirical studies have demonstrated that these traits are relatively stable across 

time and cultures and can predict various outcomes such as job performance 

(Barrick & Mount, 1991), academic success and health (Poropat, 2009).  

 

An alternative tool is the Myers-Briggs Type Indicator (MBTI); a personality 

assessment method based on the theories of Carl Jung (1923) which categorises 

individuals into one of 16 different personality types. It gained traction in the fields of 

career counselling and team building (Quenk, 1993), (Boyle, Saklofske, & Matthews, 

2014), however in contrast with the Big 5 model, it measures four dimensions of 

personality: extraversion vs. introversion, sensing vs. intuition, thinking vs. feeling, 

and judging vs. perceiving (McCrae & Costa, 1989). As opposed to the Big 5 model, 

the MBTI is based on theoretical concepts and suggests that individuals can change 

their preferences over time (Pittenger, 2005) and have been criticised for lacking 

scientific validity and reliability (Pittenger, 1991; Martin, 1997). 

 

Empirical research has demonstrated that both mood and personality can be 

measured through various methods, including self-report questionnaires such as the 

Newcastle Personality Test (NPT) (Nettle, 2007) and the Positive and Negative 

Affect Schedule (PANAS) or the Brief Mood Introspection Scale (BMIS) (James A 

Russell, 1980). NPT assesses personality across the Big Five domains. The test is 

built using a Likert-type rating scale, from 1 (strongly disagree) to 5 (strongly agree) 

where participants are asked to rate how strongly they agree or disagree with a 

series of statements about themselves. The statements are designed to assess 

various aspects of personality, such as behaviour, emotions, and attitudes30. 

 

The PANAS, developed by Watson, et al. (1988), is a widely used self-report 

questionnaire based on the assumption that positive and negative affect are 

separate constructs and can coexist in an individual (Jeff T Larsen, 2001; Eshkol 

Rafaeli, 2007). The questionnaire consists of two subscales, one for positive affect 

and one for negative affect. The foremost subscale includes items such as 

‘enthusiastic’, ‘interested’, and ‘alert’, while the latter affect subscale includes items 

 
30

 Refer to Figures and Tables, Figures B.6 
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such as ‘afraid’, ‘upset’, and ‘nervous’. Respondents are asked to rate how often 

they experienced each emotion in a given period (usually the past week). 

 

Researchers have used both methods to investigate the effect of mood and 

personality on various outcomes, such as decision-making, cognitive performance, 

and physical health. One way to measure the effect of mood using PANAS is to 

administer the questionnaire before and after a mood induction task (Rowe et al., 

2007) or compare scores on the questionnaire between groups (Vargas et al., 

2019). For this study, the PANAS and the NPT were chosen as tools to measure 

participant characteristics. The latter was used to examine any effect or relationship 

of individual traits with other measures (case judgements); while the former served 

to obtain a pre-test baseline measure of the participants’ mood state across the 

three (3) groups.   
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3.6 Procedure 

Participants were instructed to assume the role of an Emergency Nurse who is 

preparing to see 12 patients in one of the country’s main Hospital’s Emergency 

Department, in a research exercise titled ‘Emergency Nurses Performance – A 

Decision-Making Study’31; the terms ‘diagnostic’, ‘prognostic’ and ‘errors’ were 

excluded. Participants were advised to treat the session as they would in a real-life 

clinical scenario. Each participant was asked to judge and subsequently review 12 

synthetic patient cases. The order of the cases was randomly assigned so that the 

possibility of learning the sequence and interaction between participants was 

reduced and the assigned experimental group/group type was never disclosed to 

the participants throughout the course of the study. Table A.1 demonstrates the 

order of procedures during the simulation sessions. 

 

 

Activity 

Control 
Group [C] 

 
Duration 
(minutes) 

Experimental 
Group I 

[E1] 
 

Time Limit 
Duration 
(minutes) 

Experimental 
Group II 

[E2] 
 

Time Limit + 
SCWT 

Duration (minutes) 

a) Informed Consent and Introductions < 5 < 5 < 5 

b) Participation Instructions (Welcome, 
Consent) 

2 2 2 

c) PANAS Mood Test < 5 < 5 < 5 

d) Pause (Section separator) < 1 < 1 < 1 

e) Practice Case Judgement Indefinite  
(until complete) 

1.5 1.5 

f) Pause (Screen/Section separator) < 1 < 1 < 1 

g) Emergency Case Judgement (12 cases) Indefinite 
(until complete) 

18 18 

h) Pause (Section separator) < 1 < 1 < 1 

i) Emergency Case Review (12 cases) 
Indefinite 

(until complete) 
Indefinite 

(until complete) 
Indefinite 

(until complete) 

j) Pause (Section separator) < 1 < 1 < 1 

k) NEWCASTLE Personality Test < 5 < 5 < 5 

Total ~ 65 mins. ~ 55 mins. ~ 55 mins. 

 
Table A.1 - The order of procedures during the simulation sessions 

  

 
31 Refer to Annexes C.2 – Information Letter, and Figures and Tables, Figures B.3 – B.6 
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All the inputs and participant submissions were recorded and saved on a server and 

aligned in a .csv32 file ready to be exported and analysed. Before the session, the 

participants were verbally informed of the sequence of the study by the facilitator as 

per protocol33. Participants were instructed to read this document at the beginning of 

each session. A study facilitator was present throughout each session to ensure 

data collection procedures were adhered to and restart the session in case any 

technical issues or unwanted distractions arose. The session kicked off with the 

participants completing the mood introspection test. Participants in groups E1 and 

E2 were given 18 minutes to judge all cases i.e., an average of 1 minute and 30 

seconds per patient (mimicking the real-life time pressure of an emergency nurse 

tasked with this responsibility). Cases appeared randomly on the screen. The 

sessions concluded with a personality test34. Taking into account all the study 

procedures, each session lasted approximately 1 hour. 

 

 

  

 
32 CSV = Comma-separated values file 

33
 Refer to Annexes C.4, “Experiment Protocol” 

34
 Refer to Figures and Tables, Figure B.6. 
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4. Results 

4.1 Population description 

 

A total of fifteen eligible (15) professional emergency nurse practitioners participated 

in this study, out of a total number of forty-two (42)35 who had officially confirmed 

their interest directly via the online form36 or through MENA37. The pilot project was 

carried out across the span of 10 months (June 2022 to February 2023)38. 

Unfortunately, and due to various constraints and limitations which will be discussed 

further in the following chapter, both the response rate and the participation rate did 

not qualify as ‘representative’ of the whole Emergency Nurses population in Malta 

and Gozo. Given the exploratory and experimental nature it was deemed fit that the 

project should still move forward despite not reaching the initial desired participation 

rate of twenty-four (24) Emergency Nurse practitioners. 

* 

 
 
Table A.2 - Demographic Data 

 

 

Five (5) participants were randomly allocated to each group (Table A.2). The eldest 

participant was 39 years old and the youngest was 25; the mean age was 29 (SD = 

3.96 years). Five (5) identified as female, whilst ten (10) were male. All participants 

practised in an emergency setting during the time the study was conducted39. 

Twelve out of the fifteen participants (n = 12, 80%) had at least 5 years of 

experience as healthcare practitioners; ten participants (n = 10, 67%) had at least 5 

years of experience as emergency nurses. Eleven nurses performed the role of 

Staff Nurse (n = 11, 73%) while four occupied the role of Senior Staff Nurse (n = 4, 

 
35 42 interested participants comprising 37 working at Mater Dei Hospital, and 5 at Gozo General Hospital. 
36

 Refer to Annexes, C.3 - “Participation Form (and consultation)” 
37

 The Maltese Emergency Nurses Association 
38 Refer to Figures and Tables, Figure B.1 - Research Project Timeline 
39 Student and/or practice nurses did not qualify to participate and were therefore excluded. 

* Note: C, E1 and E2 denote abridged references to the terms Control, Experiment 1 (E1) and 2 (E2) 
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27%). All participants were academically qualified at EQF40 Level 6 or higher except 

for 2 participants (MQF Level 5); the majority (n = 11, 73%) did not remember 

participating in similar research studies. 

 

 

Table A.3 – Positive and Negative Affect Scores (Mood) at Baseline 

 

 

Mood state was considered as a variable, which could affect the performance 

outcomes of the case judgements, so upon commencing the sessions, participants 

were asked to rate their current mood state (via the BMIS) and in response to the 

question ‘How are you feeling right now?’ an overall mean score of 34 reflected a 

general tendency towards high positive effects, whereas, with regards to levels of 

negative affects, a mean score of 14 was recorded among all the groups.  

 

 

4.2 Professional nurses’ differences in their judgement of 

emergency case scenarios 

 

Variability can be seen at many levels; in this case, inter-subjective variability was 

the main focus in an attempt to capture the extent of any differences in judgement 

among the different groups, whilst intra-subject variability was considered to capture 

the extent of variation of the individual judgement of professional nurses across all 

the cases. 

 
40

 European Qualifications Framework (EQF), https://europa.eu/europass/en/european-qualifications-framework-eqf  

https://europa.eu/europass/en/european-qualifications-framework-eqf
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Table A.4 – Judgement Deviations from the True Value and Personality Trait Scores from the 

NPT 

 

Overall, a total of 22 errors, in the form of variance from the stipulated triage score, 

were captured for the control group (C), more than E1 and E2, with sixteen (16) and 

fourteen (14) respectively. Cases with highest rate of variance (disagreement with 

consulting doctors’ priority assignment) were cases 7, 9, and 10. Fewer errors were 

detected for group E2. Notwithstanding the data above, no significant correlations or 

findings related to inter-subjective variability could be inferred. A significance level 

was achieved when the Greenhouse-Geisser 41 test was applied to assess intra-

subjective variability. It resulted that participants did vary individually in their own 

judgement consistently across all cases and among all groups (Sign. <.001, Effect 

size  = .328). The findings from the qualitative analysis which follow, corroborate 

with this finding. 

 

Concerning the scores on personality traits, conscientiousness and agreeableness 

were the two traits which characterised participants’ personalities overall, followed 

by extraversion. Openness and neuroticism were the traits which accumulated the 

lower NPT scores in aggregate and among all groups. It cannot be inferred or 

 
41

 The Greenhouse-Geisser test is used to assess the change in a continuous outcome with three or more 

observations across time or within-subjects. In most cases, the assumption of sphericity is violated for this type of 
within-subjects analysis and the Greenhouse-Geisser correction is robust to the violation. 
https://www.scalestatistics.com/greenhouse-geisser.html  

https://www.scalestatistics.com/greenhouse-geisser.html
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concluded that findings related to personality had any direct effect on the observed 

variances. 

 

 

4.3 Qualitative Data Analysis 

 

Qualitative methods are often exploratory in nature: they are used to gain a better 

understanding of underlying feelings, opinions or motivations. Thus, qualitative 

methods are particularly useful in obtaining stakeholder perspectives in their own 

words (Can J, 2015; Bradshaw, C et al., 2017). Jennings (2005) identified numerous 

ways by which research of open-ended responses and feedback materials may be 

analysed. This study adopted content analysis as a secondary analysis tool to 

sustain the primary quantitative findings. This research tool is often employed in the 

early stages of exploratory research to gain a deep understanding of a topic, identify 

variables, and frame subsequent quantitative investigations (Denzin & Lincoln, 

2018). 

Participants were encouraged to provide unstructured, narrative responses, offering 

a rich source of qualitative data.  

The figures in Table A.5, relate to the length of each case justification representing 

the composition of the full responses, which were extracted from the web 

application; responses were listed, and occurrences were recorded. 

 

 

Table A.5 – Total characters and average words used per case by each group to justify 

judgements 

 

 

As a general first observation, when the descriptive data were analysed, it resulted 

that fewer words per case justification were used by participants in the Control 

group (n = ~21) than by participants in E1 (n = ~35) and E2 (n = ~25)42 . 

 
42

 Refer to Annex H.1, ‘Participant Responses’. The calculation was based on the statistic that the average word in 

the English language is 4.7 characters (http://norvig.com/mayzner.html).  

http://norvig.com/mayzner.html
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4.4 Consistency in Justifying Judgements 

 

Eighty-one (n= 81) reasons out of 180 (~45%) which were submitted to justify case 

judgements, and extracted from the open-ended responses, contained consistent 

elements - such as ‘requires oxygen support’, ‘not urgent’, ‘requires imaging/scan’, 

‘does not require more than one resource’, ‘dermatological referral’ – whereas 18% 

of the reasons given across the three groups (n = 33) consisted of alternate 

reasons. This is illustrated in Table A.6. By contrast, 18% consisted of an alternate 

reason. Seventy-six reasons submitted (42%) were different from both a possible 

correct and an alternate justification. Groups E1 and E2 were more consistent in 

their reasoning than the Control group, with E2 being the clearest in keeping to 

consistent or possible alternate reasons for their judgement. Case numbers 1, 5, 6, 

9, 11 and 12 received the reasons with the most consistent or alternate justifications 

for the case judgement43. 

 

 

Table A.6 – Type of Justifications given across all cases and groups 

 

  

 
43

 Refer to Annex H.1, “Participant Responses” for detailed responses. 
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4.5 Observations outside the main research scope 

 

In addition to the findings outside the main scope of the study, the session duration 

for each cohort was considered as illustrated in the box plot (Figure A.5). It was 

observed that the duration for E2 varied between 24 minutes and 48 minutes with a 

median duration of approximately 23 minutes; E1 between 24 minutes and 48 

minutes with a median duration of approximately 36 minutes; and C between 16 

minutes and 41 minutes, with a median duration of approximately 24 minutes. 

 

 

Figure A.5 – Minimum, Maximum and Median Time Taken for each Group 
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4.6 Summary 

The results obtained in this dissertation provide a foundation for the subsequent 

discussion, shedding light on the research questions and hypotheses that were 

initially posed. The limited resources, sample size and short duration of the study 

were notable constraints that may have compromised the validity of our conclusions. 

Consequently, the acceptance of both hypotheses should be partially withheld, until 

further research investigations are carried out. By linking the results to existing 

literature and theoretical frameworks, the discussion section will provide a deeper 

understanding of the research topic, putting forth implications of the findings. 

Furthermore, the discussion will not only highlight the contributions made by this 

study but also identify potential avenues and implications for further research, 

thereby ensuring the progression of knowledge in the field.  
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5. Discussion 

 

The complexity of hospitals as multifaceted organizations necessitates the use of 

simulations to understand and evaluate their operations and multidimensional 

phenomena. This complexity has far-reaching implications for delivery of patient 

care, organisation structure, hierarchies, workflows and resource management, and 

can be attributed to several factors, including the diversity of healthcare services 

provided, the interaction of various stakeholders and the intricate web of regulations 

and policies, to ensure patient safety and quality of care. Compliance with these 

regulations demands a significant allocation of resources, adding another layer of 

complexity to hospital management. 

 

It is imperative therefore, to recognise that simulations and simulation-based 

research in this domain may fall short of replicating the intricate real-world 

dynamics. As articulated by Sterman (2000), such models often simplify reality, 

omitting numerous nuanced interactions, which can lead to oversights in decision-

making. Furthermore, Van Breda and Verbraeck (2014) emphasise that the 

accuracy of simulations depends on the quality of data and underlying assumptions. 

The limitations in replicating the real world, acknowledged by Pidd (2004), 

underscore the challenge of incorporating all variables, rendering complete 

emulation an elusive goal. Researchers and policymakers, therefore, should 

approach simulation-based findings with caution, keeping in mind the inherent 

discrepancies between these models and the complex reality of hospital operations. 

 

 

5.1. Interpretation of Key Findings 

This dissertation embarked on a profound examination of hypotheses that, despite 

initial promise, did not find substantial empirical confirmation. This discussion aims 

to contribute to the scholarly dialogue by shedding light on the intricate relationship 

between theory and reality, acknowledging the humbling nature of unmet 

expectations, and emphasizing the importance of future research endeavours. 

Results unveiled variances in judgements from the selected sample in a simulated 

environment. Errors were ‘captured’, thereby providing management and 

stakeholders (both practitioners and non-practitioners) in healthcare with valuable 
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insights and an opportunity to grasp the potential problematics to delve deeper into 

investigating root cause analysis. 

 

 

Professional nurses’ difference in their judgement of fictitious emergency 

cases 

 

Confounders (e.g., time pressure) increase the chances of error in judgement, 

however, one should not ignore the fact that there could be alternative explanations. 

In this case, Yerkes-Dodson Law, alternatively known as the Inverted U Theory 

could possibly justify the fact that under time pressure and distractions, participants 

perform better. The Yerkes-Dodson Law suggests that performance increases with 

mental arousal (stress) but only up to a point: when an individual's level of stress is 

too low or too high, their performance deteriorates (Yerkes RM, Dodson JD, 1908). 

 

 

The role of personality in judgemental variability 

 

Not enough data were gathered to infer whether traits contributed in a way to better 

performance under time pressure or vice versa, however, nurses frequently share 

common personality traits (Cupit & Sukal 2015). In this case, conscientiousness, 

agreeableness, and extraversion. An agreeable person tends to be ready to make 

sacrifices and is sympathetic, and benevolent. Conscientious individuals tend to be 

efficient and responsible, and their actions are orderly, accurate, and sensible 

(Digman, 1990). A neurotic individual is frequently upset, experiences a negative 

temper, and is prone to depression. Whereas a study found that nurses with 

neuroticism and introverted traits are more exposed to burnout in the intensive care 

unit (Ntantana, et al., 2017). In this case, neuroticism was one of the reported lower 

scores among all groups which could possibly indicate that the participants are well-

trained to perform the task or that their personality traits fit the bill. 
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5.2 Opportunities and Implications for Future Research 

Inconclusive results 

Inconclusive research findings are a recurring facet of the scientific process. They 

serve as catalysts for learning and improvement, often leading to more refined and 

robust research in the future. Researchers are encouraged to perceive 

inconclusiveness as an integral part of the ongoing pursuit of knowledge, rather than 

as a shortcoming. When confronted with inconclusive findings, researchers should 

be willing to reassess the foundational assumptions of their research review and 

refine their research design, methods and data collection techniques; 

enhancements might therefore involve increasing the sample size, improving 

measurement instruments or employing alternative statistical methodologies to 

increase the likelihood of achieving conclusive findings (Bryman, 2016) – an open-

minded approach to questioning initial hypotheses, therefore, is essential 

(Ponterotto & Grieger, 2007), 

 

Further studies could aim to address the limitations or gaps observed in the existing 

research, thereby extending the knowledge base on the subject matter (Charmz, 

2014). Tracking subjects over an extended period for example (longitudinal 

research), can reveal temporal trends and patterns that may be obscured in shorter-

term investigations (Fitzmaurice et al., 2011). The analysis of open-ended 

responses enables the identification of emerging themes and patterns (Saldana, 

2015). Moreover, employing meta-analysis or carrying out systematic reviews can 

enhance the robustness of conclusions by synthesizing data from various sources 

(Cooper et al. 2009). Finally communicating inconclusive results through academic 

publications is vital; such a practice prevents unnecessary duplication of research 

efforts and fosters knowledge accumulation. Scientific dialogue is therefore 

encouraged together with collaboration from within the academic community 

(Pautasso, 2013). 

 

A further point to note is the measurement of personality traits through Likert scale 

ratings. Here ratings may be affected by the respondent’s wish to provide a socially 

desirable response, and, in differing contexts, this may cause them to make ratings 

toward the positive end of rating scales (acquiescence), toward the extremes of 

scales (extremity) or toward the middle of scales (moderation) . Response bias is 

particularly problematic when comparisons are made between mean scores 

obtained from samples drawn from different cultural or national groups (Johnson, 
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Shavitt, & Holbrook, 2011). Although the statements were randomly assigned 

(positive vs. negative), the study failed to assign the elements in the BMIS and NPA 

in reverse direction, thereby increasing the chance of response bias. Furthermore, 

the reliability of measures on different occasions (temporal stability) is unknown 

since the sessions were administered only once, with no intention of ‘retesting’ over 

time.  

 

 

Challenges faced as non-practitioners 

 

The study has its limitations and various elements could distort the outcomes and 

conclusions if not given consideration. It is therefore suggested that researchers, 

managers or decision makers take the following limitations into consideration before 

embarking on similar initiatives. 

 

Having managed to gain access to organisational information, thanks to the 

Hospital’s Administration and collaborating Healthcare professionals Europe-wide 

the utmost was done to acquire good quality data; the trustworthiness of the sources 

is openly stated, however, the majority were reluctant to share information related to 

Admissions or Triage-related statistics. Unfortunately, the sample of participants did 

not qualify as representative for the whole population of professional Emergency 

Nurses working at the Emergency Department in Malta (Europe), which stood at 

around 130 nurses during the year 2022. Therefore any findings should not be 

interpreted and are not generalizable to the whole population. Notwithstanding this, 

ED and Hospital Management, as well as MENA were supportive of the project. To 

add to the fact that nurses’ work involved their commitment to a challenging roster, 

the healthcare sector in Malta, endured a turbulent post-pandemic period, with 

seemingly high labour turnover and recurring enforcement of sectorial directives 

locally, which at times lead to industrial actions (in the form of strikes); this proved 

more difficult to get through communication-wise. 

 

On one hand, by taking a random sample of the population, selection bias was 

reduced, however, control of when and who best to ask for the purpose of recruiting 

participants was limited; on other hand, ‘blanket’ spamming with email messages 

among various organisations (with the intention of recruiting as many participants as 

possible) could have possibly increased the likelihood of social desirability bias, 

given that this initiative could have triggered a motivational effect on participants as 
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a result of the interest shown, and having generated word-of-mouth. Contact with 

study participants was limited only to serve in setting appointments and phone calls 

to coordinate the sessions, which itself proved to be a challenging task, since 

practitioners commence their shift at 0700 hrs and finish at around 1900 hrs, 

rotating on a day-night-rest-off basis. A vast number had personal and academic 

commitments besides their work, and having to chase potential participants could 

have added unwanted pressures and biases, pre-experiment. The study was faced 

with the challenge of dealing with the limited time in hand to develop research 

software in a matter of weeks and prepare for the eventual research sessions; 

working remotely was not always ideal. Sessions were projected to commence 

during February 2022, however, due to delays and time constraints in developing 

the software, dealing with industrial actions in the healthcare sector and navigating a 

pandemic and post-pandemic environment, participant attrition was inevitable. 

Hence, the amount of time required to complete the project was underestimated. 

 

 

5.3 Contribution to Knowledge, Theory and Practice 

As non-practitioners,  outsiders bring fresh perspectives to medical research, 

challenging established norms and suggesting innovative solutions (Smith, 2018). 

Their position, external to the clinical environment allows them to view problems 

with a different lens, often leading to novel insights. This contributes to expanding 

the body of knowledge in the medical field by introducing new paradigms and ideas, 

via interdisciplinary collaboration with experts from other fields. By uncovering new 

evidence and perspectives, non-practitioners help shape clinical guidelines and 

healthcare policies, translating theoretical insights into tangible changes in medical 

practice (Clark, 2020). Their work is integral in bridging the gap between theory and 

practical applications and the synergies between these two groups underscores the 

importance of a collaborative approach for the betterment of healthcare knowledge, 

theory, and practice. 

 

Brainstorming was carried out successfully on the possibilities of executing the 

project, taking into account the professional consultation from doctors and nurses 

whilst asking unbiased and un-polarised professional associations/sources for 

support. Notwithstanding the fact that no similar pilot studies were found, and 

therefore the possibility to compare results did not materialise, a number of 

important themes related to management and effective decision-making emerged. 
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Subsequently, a tailor-made prototype software based on international standards 

and recommendations for noise audits (Kahneman, et al., 2021) was designed, 

tested and used without any glitches. The tool (Web App) can be further enhanced 

to serve various sectorial needs and adapted to diverse areas such a, risk, finance, 

insurance, etc. 

 

Health practitioners became more aware of the impact of their work and the 

interdisciplinary relationships between their practice and the role of social sciences, 

management and the potential of information technology. As a testament to this, 

positive feedback was received throughout the sessions from participants and 

collaborators. The potential future development at scale of the web application could 

enhance training and re-training processes for prospective and acting emergency 

nurses (improvement of the interface and usability) to accommodate research 

needs, thereby facilitating access to data and data analysis of critical decisions in a 

synthetic environment. A lexicon of terms linked with triage, evidence-based 

management, and contacts from hospitals and statistics offices from EU27 44 was 

saved in a database for future use.  

 

 

5.4 Conclusion 

The best available evidence was taken into consideration, however, the findings  

have been deemed to be speculative until further studies investigate the 

phenomena explored. Overall, the initiation and setting up of a simulation-based 

research project as a successful process by closely adhering to the guidelines set 

by D. Kahneman and colleagues (2021), despite the various challenges faced as an 

‘outsider-initiative’ throughout. Following backing from medical consultants, fictitious 

cases presented in form of vignettes can be further enhanced to mimic more 

realistic cases. Despite the partial acceptance of the hypotheses, the study still 

demonstrated that cognitive errors can be identified and classified, and that they can 

produce serious issues. Classification of cognitive errors is a step toward a deeper 

understanding of the epidemiology, causes, and prevention of diagnostic errors. 

Outcomes could be beneficial for healthcare and the nursing practice in general. 

Staff reporting medication errors should be supported, not punished, and the 

information provided used to improve the system. Through this research project and 

 
44 Abbreviation of European Union (EU) which consists of 27 countries 
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industry analysis, a gap in the local healthcare sector was identified, and not only, 

since other professionals from various domains can learn and adapt this cognitive 

assessment tool to serve as a training resource.  

 

For the aforementioned reasons therefore, future research which investigates the 

causes and consequences of unwanted variability with a particular focus on the 

context of acute emergency settings is encouraged, in conjunction with the 

effectiveness of interventions aimed at mitigating these risks. These interventions 

have shown some promise in reducing error and improving diagnostic accuracy 

(Croskerry, et al. 2013). It is hoped that this study will serve as a blueprint for future 

reference; ultimately, a better understanding of the observed phenomena will lead to 

improved patient safety and outcomes.  
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Figure B.1 - Research Project Timeline 
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Figure B.2 - Emergency Nurses Association, ESI Triage Algorithm 
version 4 
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Figure B.3 - Brief Mood Introspection Scale 
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Figure B.4 - Emergency Case Vignette Review (Test) 
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Figure B.5 - Emergency Case Vignette and Case Review 
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Figure B.6 - Newcastle Personality Test 
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Figure B.7 - Sample Size Calculation  
 

Sample size calculator45 and Research questions planning 46 

 

 

 
 

 

 
 

  

 
45 Link: http://www.raosoft.com/samplesize.html 

46 Link: https://www.cebma.org/wp-content/uploads/Which-design-for-which-question.png 

http://www.raosoft.com/samplesize.html
https://www.cebma.org/wp-content/uploads/Which-design-for-which-question.png
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Figure B.8 - Methodological Appropriateness 
 

 
 
Source: https://cebma.org/faq/what-are-the-levels-of-evidence/   

https://cebma.org/faq/what-are-the-levels-of-evidence/
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Table B.1 Interrater Agreement Exercise - Results 
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Annexes 

 

A. Research Proposal Brainstorming 
 
A.1 – Brainstorming Mind Map 
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A.2 – Brainstorming dissertation Scope, Structure and Terminology 
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A.3 – Draft experiment plan and expected outcomes 
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A.4 – Draft Experiment Plan and Expected Outcomes 
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A.5 – Hospital Plan 
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A.6 – Noise Audit Structure 
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B. Ethics clearance and Collaborator Consent 
 

B.1 – University Research Ethics Committee Application Form 
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B.2 – Research Data Map 
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B.3 – Collaborator Consent Forms (Doctors, Software Developer) 
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C. Participant Information/Experiment 
 

 
C.1 – Malta Emergency Nurses Association, Request for Recruitment of 
Participants 
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C.2 – Information Letter 
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C.3 – Participation Form (and consultation) 
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C.3.1 – Participation Form Consultation 
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C.4 – Experiment Protocol 
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C.5 – Consent Form(s) 
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D. Statistics (Secondary Data) 

 
D.1 – ED Visits by ESI Categories (indexed) 
Mater Dei Hospital, Malta - Europe 

 

 

 
Source: Mater Dei Hospital (Malta) Administration / Emergency Department 
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D.2 – EU 27 Hospital Emergency Department Statistics /  Hospital Admissions 
2018 – 2021 (as at 31 March 2022) 
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E. Case Development 
 

E.1 – Interrater agreement exercise - Feedback following disagreement 
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F. Visit Observations 
 

F.1 – Emergency Department Visit Evidence of Observations (14 Feb 2022) 
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G. Research Software Simulator (Web application) Development 
and setup 
 

G.1 – Experiment Frontend Wireframe (1), 20 SEP 2021 
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G.2 – Experiment Frontend/Backend Wireframe 
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G.3 – Requirements Brief (1) 
 
 
NOISY 0.1 
 
Requirements 

The application is meant serve as tool for a research project at the Department of 
Management at the University of Malta whereby the research investigators will observe the 
variability in judging hospital emergency cases among the participants - emergency nurses. 
It should be able to : 

 
- Capture and save participant responses throughout the course of the experiment 

 
- Compile datasets into spreadsheets ready to use and analyse post-experiment  

 
- Load and display text, input fields, radio buttons, flash colours, countdown timer, 

record time, save and reload user responses, allow users to navigate throughout the 
program at her/his pace (depending on the group). 
 

- Flow seamlessly without any hangs or lags 
 

- Erase participant data if the user chooses to quite the application 
 
The end results should consist of a spreadsheet with all the data linked to the unique 
username. Each dataset containing the unique code for the researchers to easily manipulate 
the data and analyse the results 
 
Architecture, platform and user interface 

It is up to the Faculty of ICT to choose the appropriate platform and programming language 
and propose a user friendly, clean and friendly interface throughout. 
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G.4 – Requirements Brief – Detailed (2) 
 
Application flow 

 

Pre-
experiment 

Participants will be invited to participate in this study via an online registration form, word of 
mouth, nurses’ association communications, etc. The researchers will review the list and split 
the participants into 3 groups of 8 participants - the control group, experimental group 1 and 
experimental group 2. 

Logging-in 

The researchers, will then assign a unique code which will be used to login into the 
application, protecting their identity throughout the course of the experiment (in line with 
ethics and GDPR guidelines).  The application should be able to load a different flow 
according to the code entered. The application should load the  
- control flow for participants with codes commencing ‘NC0’ e,g, NC0-01 
- experimental flow #1 for participants with codes commencing ‘NE1’ e,g, NE1-01 
- experimental flow #2 for participants with codes commencing ‘NE2’ e,g, NE2-01 
 
Error prompt if incorrect input, user should not be allowed to proceed in this case. 
 
Variables : PART_NUM 

A 
Upon logging, the application should first load the protocol and instructions. This part is 
common to all participants. 

B 

The researchers will control for mood will be measured in section A. The researchers will 
suggest the appropriate rating scale to be implemented (12-15 questions). The result (e.g. 
positive, etc.) will not be disclosed to participants. 
 
Variables : PM1, PM2, … 

C 

After completing the mood test, the participants will be then asked to test-out the task, that is, 
assign an ESI (Emergency Severity Index) score to emergency cases. The app should load a 
test screen displaying a test-case here for the participants to try-out (untimed for the control 
group, including the Stroop distraction for XP1 and timed (+ Stroop) for XP2, followed by a 
test-feedback screen, which will be the last part of the actual study.2, … 
 
Variables : TESTC, TECTC_REV 

D 

Once the participants get a good feel of what experiment will require of them, they will then 
move on to the actual scoring: 
 
- The control group will be assigned emergency case without any time limit or distractions 
 
- XP group 1 will get the same screen with a distraction. The Stroop should appear after 7 
seconds for each case and looped until the participants chooses the correct entry.  
 
- XP group 2 will get the same as XP1 including a 35 sec countdown timer for each case and 
a 5 seconds pause in between cases.  
 
Variables : CASE_1, CASE_2, CASE_3 … 

E 

After scoring the 12 cases, the participants will be then asked to provide reasons for their 
ratings. Here the application should load the ratings and the title or a brief description for each 
case. They will also be asked whether they think that their rating is below or above average. 
No time pressure or distractions here. This section is common for all groups 
 
Variables : FB_CASE_1, FB_CASE_2, … 

F 

Finally in section F, researchers will control for personality. The researchers will suggest the 
appropriate rating scale to be implemented (12-15 questions). The result (e.g. extrovert, 
introvert etc.) will not be disclosed to participants. 
 
Variables : NPT1, NPT2, … 

End : Application should be able to compile all results and save in tabular format for the researchers to 
analyse further. 

 
 
Prototyping and testing 

 
It is critical that the researchers get to test a basic idea, after which it will be left up to F ICT to build on it. The 
researchers should be allowed the facility to test the application before making it available to participants as it will 
ensure that each function works correctly and as requested.  
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G.5 – Web Application Development (Screenshots) 
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G.6 – Web Application Final Version 
 

G.6.1 – Web application Back-end (Researchers’ menu)  
 

 
 
Link: https://research.ai.edu.mt/FEMA_DM/backEnd/  
 

https://research.ai.edu.mt/FEMA_DM/backEnd/
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G.6.2 – Web application Front-end (Participants view) 
 

 
 

 
 

Link: https://research.ai.edu.mt/FEMA_DM/frontEnd/ 
  

https://research.ai.edu.mt/FEMA_DM/frontEnd/
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G.7 – Setup 
 
 
 

  



113 

 

G.8 – Software Simulator Potential Future Development (Report) 
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H. Qualitative Data (Results) 

H.1 Participant Responses 

 

Control Group - Reasons for ESI triage score 
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Experimental Group I - Reasons for ESI triage score 
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Experimental Group II - Reasons for ESI triage score 
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I. Review of the Literature (Process) 
 

I.1 - Terminology 
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I.2 - Literature Review Strategy Search Results  

 

ABI/INFORM 
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EBSCO  
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MEDLINE 
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PyscNET 
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PyscNET (contd.) 
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PubMED 
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Google Scholar 
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Google Scholar (contd.) 
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I.3 – Review of Literature Flow, Stats 

We searched books, publications, the internet, scholarly databases and journals for keyword 

related to the topics under review. We built a thesaurus of words to help us search journal 

articles and empirical studies in Scholar.google.com, ABI/INFORM, PsycINFO, PubMed, 

Medline and Cochrane databases. 

Snowballing all the results and adding up the papers having general relevance to the topic 

totalled to 1510 publications, which were later trimmed down to 755 records after removing 

the totally irrelevant articles. 

A first round of reviewing the relevant titles and abstracts brought the aggregate down to 423 

and a second round to 361. 

Finally study types, results and relevance to the study were reviewed and 158 were 
included. 

 

Identification of Studies via Databases and Registers 

Identification 

Records identified from 
Scholar.google.com, ABI/INFORM, 
PsycINFO, PubMed, Medline and 
Cochrane: 1510 
Databases (n = 5) 
Registers (n = 1) 

Records removed before screening: 
755 
Duplicate records removed  (n =97) 
Records removed for other reasons 
(n = 658) 

Screening 

Records screened (n= 755) Records excluded (n =  332) 

Reports sought for retrieval (n = 361) Reports not retrieved (n= 13) 

Retrieved Retrieved = 348  

 

Included 191 

 

Year of Publication / Number of References Included 
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