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Abstract

Workplace stress has been shown to impact the quality of decision-making made by professionals
in multiple domains, including medicine and policing. However, there remains a lack of research
addressing the influence that workplace stress may have on the quality of forensic examiners’
decision-making. Forensic experts work in pressurised environments, and they make important
decisions that may affect legal outcomes. Hence, it is critical to understand stress and its potential

negative or positive impact on forensic experts’ decision-making.

This research sought to explore the extent to which the forensic experts experience stress in the
workplace, and its potential impact on the decision-making that they make in the forensic science
process. The first part of the thesis presents data on the possible sources of stress and pressures,
from surveys of practicing forensic examiners (Study 1 and Study 2). The findings suggested that
some experts experienced high stress from workplace factors, including implicit pressures from
stakeholders that interact with the experts to report certain forensic conclusions over others.

Experts varied in their opinion whether stress affected their decision-making.

The second part of the thesis explored the possible impact of stress on forensic science decision-
making. An online method for testing the impact of stress on participants was developed, and it
was found effective in inducing stress in human participants (Study 3). Then, the possible impact
of this stressor on a fingerprinting comparison task with both novices and fingerprint experts was
explored (Study 4). Findings revealed a complex relationship between stress and expert decision-
making. Whilst stress improved the performance of both novices and experts on fingerprint

assessments, stress also caused reduced risk-taking, especially when the fingerprints were
difficult.

Three underlying themes emerged from this research: the importance of addressing common
stress factors, the positive impact of stress on decision-making, and the complexity of evaluating
stress and its impact. These themes form the basis of a new model outlining the ‘Stressor-Stress
Response in Expert Decision-Making’ which may contribute to the development of stress-

optimisation strategies to enhance forensic expert performance.
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Impact Statement

The work undertaken during this research has potential impact in practice, academia, and public
policy. In terms of practice, the thesis has put forward stress-optimisation strategies that could be
implemented in the forensic science workplace to enhance expert decision-making (for example,
emotional intelligence training to supervisors/managers of forensic experts). These were based
on insights from current research on the possible sources of stress and its impact on forensic

science judgments.

In terms of academia, this thesis has impact on research in the forensic science discipline, and
beyond. Research undertaken here differs from other stress research in forensic science in two
main aspects. First, discussion and data focused on the forensic expert decision-making, as
opposed to solely well-being as in most of the other research. Second, the experimental approach
to study the relationship between stress and decision-making performance was a first in forensic
science. This focused understanding on the decision-making of experts is critical because it is the
forensic experts themselves who make decisions that are relied upon by other stakeholders (for

example, the police for investigations).

The online stress method that was developed in this thesis is the first that was effectively deployed
to induce stress in human subjects online, and without the presence of researchers as stress agents
(either in person or virtually). This method may contribute to advancements in stress research,
beyond forensic science, amidst the increasing recognition of the value of online research after
the adjustments made to research practices during the restrictions from the Covid-19 pandemic.
Such advancements may include accessing a large sample of participants quickly and increasing
the diversity of participants doing research. As part of the stress-inducing method development,
a toolkit of measures was put together in order to enhance the quality of online research (for
example, including a commitment statement, use of captcha to detect bot responses, etc). These
measures contribute to enhancing the internal validity of any online research, not just stress

research.

In terms of public policy, this thesis has potential to contribute to the considerations of the quality
of life and well-being of professionals outside the forensic science domain (for example, insights

on personal stressors outside the workplace and how they may carry through to influence the
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workplace environment). In addition, data from this thesis feeds into Sustainable Development
Goal 3 of the United Nations on (i.e., “ensure healthy lives and promote well-being for all at all

ages”).

This research has been published in four international, peer-reviewed journals (a fifth paper is
currently under review), as well as presented in international conferences and to forensic service
providers, and presented through public engagement activities with lay persons in order to

maximise dissemination to a range of disciplinary academic audiences.
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Chapter 1 Introduction

1.1 Overview

Workplace stress has been shown to impact the quality of decision-making made by professionals
in a variety of domains, including medicine (e.g., Arora et al., 2010), policing (e.g., Akinola &
Mendes, 2012), the military (e.g., Kavanagh, 2005), management (e.g., Gok & Atsan, 2016),
and psychology (e.g., Dror et al., 1999; Kerstholt, 1994; Yu et al., 2015). However, research
regarding the impact of workplace stress upon forensic expert decision-making is scarce
(Jeanguenat & Dror, 2018). Workplace environments of forensic experts have been characterised
as uncertain (information could be ambiguous or contradictory), time pressured (Helsloot &
Groenendaal, 2011), and significantly consequential for investigation outcomes (Smit et al., 2018).
Forensic examiners face multiple sources of workplace stress (Jeanguenat & Dror, 2018; Kelty &
Gordon, 2015). Some stress factors are common across other occupations, such as high workload,
and some are specific to forensic science contexts, such as exposure to bloody crime scenes

(Jeanguenat & Dror, 2018; National Institute of Justice, 2019)

Undertaking research to understand and evaluate the possible sources of workplace stress and
their impact on the decision-making of forensic examiners is important. This is because of the
critical decisions that examiners need to make in casework to reach conclusions (Dror & Stoel,
2014), and communicate insights and evaluative interpretations to stakeholders (Almazrouei et
al., 2019; Dror & Pierce, 2020). These decisions are undertaken in complex and often ambiguous
contexts, and are impacted by different factors (Dror, 2020a; Dror & Cole, 2010) to produce
insights that assist intelligence-led policing and/or legal proceedings (Morgan, 2017b, 2017a;
Morgan et al., 2018).

The acknowledgement of subjectivity in decision-making in forensic science (Forensic Science
Regulator, 2015; House of Lords Science and Technology Select Committee, 2019; National
Academy of Sciences, 2009; National Commision on Forensic Science, 2015) and instances where
miscarriages of justice were identified (Office of the Inspector General, 2006; The Fingerprint
Inquiry, 2011) caused a new focus in forensic science research. Specifically, research efforts
investigating factors influencing decision-making in forensic science (see recent reviews in
Cooper & Meterko (2019), and Kukucka & Dror (2022)), including workplace stress factors

(Jeanguenat & Dror, 2018; National Institute of Justice, 2019) noticeably increased.
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1.2 Aims and Research Questions

Therefore, the main aim of this PhD thesis was to explore stress, as a human factor in forensic
science contexts, in order to identify the characteristics of workplace environments that enable

optimal decision-making. To address this aim, there were two main objectives:

a) to obtain empirical data to better identify the sources of workplace stress experienced by
forensic experts, and
b) to undertake experiments to investigate the impact of stress on judgments that are made

at critical stages in the forensic science process.

To address the aim and objectives, this thesis focussed on two main research questions:

1. What degree of workplace stress (and feedback) do forensic experts experience?
2. Does stress impact conclusions that are reached by forensic experts? Specifically, does
stress influence conclusions reached by fingerprint experts, and does this influence differ

between experts and novices?

1.2.1 Research Question 1

Addressing research question 1 contributes data to better understand the possible sources of
workplace stress as experienced by forensic examiners who perform casework (Holt et al., 2017;
Jeanguenat & Dror, 2018). This may have implications for developing relevant evidence-based
approaches to improve the wellbeing of experts as well as their decision-making performance. In
addition, considering the context within which decisions are being made (such as stress from
explicit or implicit feedback at work) may help ensuring there is transparency in this process to

mitigate conditions that exert pressure on examiners to make ‘expected’ decisions.

To address research question 1, forensic experts were asked to complete two questionnaires about
their stress and its sources (Chapters 3 and 4). In addition, the first questionnaire included
questions on the implicit and explicit feedback experts receive from their interactions with key
stakeholders, such as their managers/supervisors or the police. The follow-up questionnaire
included questions that investigated additional sources of workplace stress (specifically, stress

from the nature of the case and working in high profile cases, and stress from the circumstances
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at the workplace), whether examiners receive support from management, and whether examiners

believed that the stress they experienced affected their judgments.

1.2.2 Research Question 2

Investigating research question 2 aims to fill a different gap in the forensic science literature.
There is virtually no experimental, peer-reviewed research that has studied the impact of stress
on decisions being made in forensic science contexts (Jeanguenat & Dror, 2018). An experimental
approach can help understanding the relationship between stress and expert decision-making.
Hence, experimental data could offer a complementary picture to the self-reported data in
research question 1. Such a holistic understanding may help devise appropriate strategies for

optimal working environments in forensic science.

To address research question 2, a series of online experiments were conducted (Chapters 5 and
6). A stress-inducing method was developed to stress participants online, without the presence of
researchers. This stress method was adapted from the Trier Mental Challenge Test stress protocol
(Kirschbaum et al., 1991). After collecting data testing this method, two online experiments were
conducted to investigate the impact of stress on fingerprint assessments made by novices
(Experiment One) and experts (Experiment Two). Understanding whether stress influences
decisions during fingerprint analysis is critical, as fingerprints are highly used and carries
significant weight in court decision-making (Mustonen et al., 2015), and insights from these
studies may potentially be applicable to other comparative forensic science fields, like

handwriting, toolmarks, and other expert domains.
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1.3 Structure of the Thesis

This thesis presents a literature review (Chapter 2), two chapters that present the findings from
two surveys (Chapters 3 and 4), two chapters that present experimental studies (Chapters 5 and

6), a discussion (Chapter 7) and a conclusion (Chapter 8).

Chapter 2 provides an overview of the pertinent published literature. This thesis is an
interdisciplinary research project and therefore this chapter brings together three key research
areas: forensic science decision-making, workplace stress, and fingerprinting. The literature
review brings together theories, empirical research and casework examples of stress and decision-
making. Because of the lack of published research addressing workplace stress in forensic science,
some inferences and examples are drawn from other specialised domains, such as medicine and
policing. This chapter is structured around three main topics, starting with an overview of
decision-making in forensic science. Here, the importance of forensic expert decision-making,
and communication with the forensic examiners, in the forensic science process is presented.
Concerns about subjectivity of decisions in forensic science, and cognitive factors that may
influence forensic experts who make the actual casework, are addressed and explored. The second
part focuses on stress, its characteristics and how it relates to expert performance. In addition,
previous research on the sources of stress in forensic science are presented. Third, fingerprint
analysis is introduced as a specific pattern recognition domain that formed the basis of the
experimental work (research question 2). This part discusses subjectivity in fingerprint
assessments and how conclusions are reached. This chapter concludes with an articulation of the
current gaps that exist in the knowledge regarding the possible sources and impacts of stress on

forensic expert decision-making.

Chapter 3 reveals the extent to which forensic examiners experience workplace stress and
feedback, to address objective (a) of the thesis. It presents a novel study that investigates the
possible sources of workplace stress (and feedback) experienced by forensic examiners from
various fields. Since the data from this questionnaire was collected from one large forensic
laboratory, it minimises inter-laboratory differences in the working cultures which could have
confounded the findings of previous published studies. The study also involves an in-depth
analysis of workplace stress and feedback, as they vary by forensic science fields and years of
experience, to better understand the moderating factors of workplace stress and feedback. The
findings suggested that forensic experts felt their high levels of stress originated more from the
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workplace (e.g., stress from backlogs) than from personal reasons (e.g., financial issues). The data
also revealed a concerning finding in that a few experts, from the same lab, strongly felt high

implicit pressures in reporting forensic science conclusions.

Chapter 4 presents the findings of a follow-up questionnaire on the sources of workplace stress,
and it included crime scene examiners in addition to laboratory-based examiners (i.e., this
chapter further addresses objective (a)). As in the first questionnaire, this study involved a
detailed analysis of workplace stress as it varies by the forensic science fields and years of
experience, with sex considered as an additional factor. In addition, this study sought to identify
whether examiners felt that they receive support from management and whether they felt that
stress affected their decision-making. The findings demonstrated that stress from managers
and/or supervisors and from case backlogs were the only stress factors, among the other stressors
explored in this study, that predicted workplace stress. Examiners felt that they receive moderate
support from their management, and this level of support was not associated with workplace
stress. Demographics of experts played a role in their reported stress (e.g., crime scene examiners
reported higher stress levels than analytical examiners due to the nature of cases they are involved
in). The participants were divided on whether they felt that stress affected their judgments, which

supported the need to explore this question in an experimental approach (i.e., objective (b)).

Chapter 5 presents a new method that was needed to address objective (b) of the thesis.
Specifically, this method was developed to cause stress to human subjects online, such as forensic
experts, without the presence of researchers (either in person or virtually). In this method,
participants were asked to answer general knowledge and mathematical questions selected
specifically for this study under either a control condition (without feedback and no time limits)
or a stress condition (with feedback and with time pressure). This way, stress conditions of social
evaluative threats (when one is judged negatively by others, such as displaying negative feedback)
and uncontrollability (when nothing can be done to avoid negative consequences or change a
situation, such as imposing time pressure) are induced (Dickerson & Kemeny, 2004). The online
stress method was found to be effective, and therefore has potential to enable advancements in
stress research, amidst the growing recognition of online research (Kirschbaum, 2021). Indeed,
the method developed in this thesis has been published in the high impact specialised journal,

Behavior Research Methods (Almazrouei et al., 2022)
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Chapter 6 presents insights from a consideration of the impact of the online stressor (developed
in Chapter 5) on forensic science decision-making. Fingerprint assessment was used for this study
because it is frequently utilised in casework (Mustonen et al., 2015). Insights on the influence of
stress may apply to other pattern recognition tasks (e.g., toolmarks comparison). This chapter
presents the influence of stress on conclusions, confidence levels and response times of novices
(Experiment One) and fingerprint experts (Experiment Two). Overall, the findings suggested that
stress improved the performance of both novices and experts on fingerprint assessments, but
mainly for same-source evidence. Moreover, the stressor had an impact on the confidence levels
and response times of novices, but not experts. These findings offer a starting point to better
understand the possible impact of stress on decision-making in forensic science contexts, thus
further contributing to objective (b) of the thesis.

Chapter 7 presents a synthesised overview of key themes that have emerged from Chapters 2-6.
Three themes were identified: Theme 1 addressing common stress factors is a priority; Theme 2
the positive impact of stress on decision-making; and Theme 3 evaluating stress and its impact is
not simple or straightforward. These themes contribute to the development of a model of
stressors, stress responses and expert decision-making, which is presented in this chapter.
Finally, limitations of the empirical studies in the thesis, and a consideration of potentially fruitful

areas of future research on stress and stress-optimisation strategies in practice are presented.

Chapter 8 provides the conclusions that have been derived from the work presented in this thesis
that address the possible sources and impact of stress on decision-making in forensic science. It

also offers the implications of these findings both in forensic science practice and research.

1.4 Additional Considerations

Parts of the literature review (see Section 2.1.3) have been published in an article that sets out a
theoretical foundation for the empirical chapters. In addition, the empirical chapters have either

been published or submitted for publication (4 articles; see Table 1-1).
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Chapter 2 Literature Review

2.1 Decision-Making in Forensic Science

2.1.1 The Role of Expert Decision-Making in Forensic Science

The decision-making of forensic experts is an integral part throughout the forensic process (see
Figure 2-1). Forensic science decisions can include forming a strategy for crime scene
examination, prioritising exhibits for laboratory analysis, interpreting evidence, and
communicating expert witness opinions to fact-finders (Morgan, 2017a; Morgan et al., 2018;
Morgan & Bull, 2007; Roux et al., 2012). Critically, decisions made early on at the crime scene can
affect subsequent decisions, which may influence the police investigation and judicial outcome of

a case (Dror, 2015; Earwaker et al., 2020; Morgan et al., 2018; Nakhaeizadeh et al., 2017).

Therefore, for accurate, reproducible, and transparent crime reconstructions to take place, an
integral consideration of human decision-making needs to be made at every stage of the forensic
science process (i.e., component 4 of the Forensic Reconstruction of Trace Evidence conceptual
model (Morgan, 2017a; Morgan et al., 2020). Even with technological advances in forensic
analysis, it is still the human forensic experts who act as the “main instrument” in the forensic
analysis and comparison. Specifically, the experts are involved in many of the forensic science
tasks, including pattern recognition tasks (Dror & Stoel, 2014) of visually comparing patterns to
decide whether they come from the same source (e.g., whether two bullets have “sufficient
similarity” to have been fired from the same gun (Dror & Stoel, 2014) or assessing the peaks of a

mixture DNA profile (Jeanguenat et al., 2017)).
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Figure 2-1: Decision-making in forensic science from crime scene to court (Morgan

et al., 2018).

Given the critical role of human decision-making in forensic science, it is important to offer clear,

transparent and reproducible judgments (National Academy of Sciences, 2009; Saks & Koehler,

2005). However, it is well established in a wide range of disciplines that decision-making can be

considered to be subjective given the incorporation of both explicit and tacit forms of knowledge

(Morgan, 2017b, 2017b). All human decision-making is influenced by different factors (Dror &

Cole, 2010; Saks et al., 2003). Forensic experts are no exception; they too are impacted by these

factors (Cooper & Meterko, 2019). In addition, their working environment contains elements of

time pressure, operating in a context of ‘high stakes’ (Helsloot & Groenendaal, 2011) and

uncertainty (see Principle 5 of the Sydney Declaration (Roux et al., 2022)). Therefore, there have

been increasing concerns raised about the subjectivity of decision-making in forensic science

(Kassin et al., 2013), and how to increase the transparency of how decisions are made and

conclusions reached at each stage of the forensic science process (Almazrouei, 2020; Heavey et

al., 2022).
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2.1.2 Concerns About Decision-Making in Forensic Science

Examples of miscarriages of justice and reports from multiple national bodies worldwide have
revealed repeatedly that evaluative conclusions can be subjective and susceptible to different
human factors. For example, hundreds of miscarriages of justice have been identified in the
United States through the Innocence Project and its work into cases where DNA has led to
exonerations (Innocence Project, 2022). It was reported that 52% of wrongful convictions
involved the ‘misapplication of forensic science’ which includes “convictions based on forensic
evidence that is unreliable or invalid and expert testimony that is misleading” along with other
factors (Innocence Project, 2022). In England and Wales, Smit et al. (2018) identified 235 cases
(from January 2010 to December 2016) that were upheld at the Court of Appeal that contained
misleading criminal evidence, including forensic science evidence. It was reported that the weight
of forensic science evidence (e.g., its relevance and prohibitive value) was miscommunicated to,

or misunderstood by, the triers of fact, which led to wrongful convictions (Smit et al., 2018).

An infamous case of evidence that was misinterpreted was that of Brandon Mayfield (Kassin et
al., 2013; Office of the Inspector General, 2006; Stacey, 2004). A number of FBI fingerprint
experts, as well as a fingerprint expert hired by the defence, all erroneously matched Mayfield’s
fingerprint to the fingermark recovered from the scene of the 2004 Madrid train bombings.
Following an independent investigation by the Office of the Inspector General, cognitive bias was
deemed a contributing factor to the erroneous identification (Office of the Inspector General,
2006). Several cognitive and psychological issues were identified in the case. For example, the
fingerprint examiners were exposed to contextual information that led them to target Mayfield as
the suspect (Kassin et al., 2013). The case also involved time pressure, being a high-profile case,
and increasing the need for closure (i.e., the desire to provide clear-cut judgments (Ask &
Granhag, 2005)) in this case by positively identifying Mayfield as opposed to reporting an

exclusion or an inconclusive decision (Kassin et al., 2013).

Discussions of cognitive bias in forensic science have intensified since the publication of the
National Academy of Sciences report (2009; see also Found, 2015). The report identified
problems with many forensic science fields, such as toolmarks and firearms, bloodstain pattern
analysis, handwriting, and even fingerprints (which had been regarded infallible until recently

(Mnookin, 2008)). The NAS (2009) report stated that there were issues with reliability, accuracy,
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and the potential for cognitive bias in forensic science. The report suggested that the forensic

science fields:

“need to develop rigorous protocols to guide these subjective interpretations and
pursue equally rigorous research and evaluation programs. The development of such
research programs can benefit significantly from other areas, notably from the large
body of research on the evaluation of observer performance in diagnostic medicine
and from the findings of cognitive psychology on the potential for bias and error in

human observers.” (NAS report, 2009, p. 8).

Other national reports followed, which further emphasised the issues of subjectivity and bias in
decision-making in forensic science. These include reports from the United States (e.g., Executive
Office of the President’s Council of Advisors on Science and Technology, 2016; National
Commision on Forensic Science, 2015) and from the United Kingdom (e.g., Forensic Science
Regulator, 2015; Government Chief Scientific Adviser, 2015; House of Lords Science and

Technology Select Committee, 2019; The Fingerprint Inquiry, 2011).

2.1.3 Communication in Forensic Science

During casework, forensic examiners communicate and receive feedback from a variety of
stakeholders that can be classified into forensic services, investigative services, legal and external
stakeholders categories (see Figure 2-2). For example, within the forensic services domain,
forensic examiners communicate with management and/or supervisors for various reasons, such
as to reach resolutions in the conclusions reached (Mustonen et al., 2015). It is worth noting that
the external stakeholders who communicate with the forensic experts can be further divided into
regulatory, such as government authorities, and public domains, such as the media (Dror &

Pierce, 2020).

Communication and information-sharing between the forensic services domain and investigative
domain is important for providing forensic intelligence (i.e., providing accurate and timely
forensic data that can assist police decision-making for investigation and intelligence purposes
(Raymond & Julian, 2015; Roux et al.,, 2012)) (see Figure 2-1). Therefore, effective
forensic intelligence requires feedback and collaboration between the forensic experts and other
stakeholders (such as the police (Raymond & Julian, 2015)), in a more holistic approach to
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minimise uncoordinated efforts (Roux et al., 2021). Nonetheless, the communication to the
forensic experts should be fit-for-purpose and limited to task-relevant information (Dror et al.,
2017; Gardner et al., 2019). Otherwise, cross-contamination can occur when irrelevant and
biasing information cascades from one stage of the forensic science process to another (i.e., a “bias
cascade effect” (Dror, 2018)). In addition, a “bias snowball effect” can occur when a variety of
task-irrelevant information is integrated to form an expert opinion (Dror, 2018), such as viewing

horrific photographs of the victims before bitemark assessments (Osborne et al., 2014).
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Figure 2-2: Interactions and communications of forensic examiners with stakeholders

(Almazrouei et al., 2019).

Forensic examiners communicate with legal stakeholders to provide scientific evidence in the
form of written reports and/or verbal testimonies (Arscott et al., 2017; Dror et al., 2015; Howes,
2015). Testimonies of forensic experts possess significant weight in the criminal justice
system because experts typically present their opinions as if they are impartial and scientific, and

the courts view them as such (Dror et al., 2015). However, the experts may be overconfident and
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overstate their opinions on the examined evidence, due to the inability of humans to evaluate their

actual knowledge and abilities (Kukucka et al., 2017; Page et al., 2012).

Another issue in adversarial legal systems stemming from the communication of forensic
examiners with legal stakeholders is the possibility of “adversarial allegiance.” As the experts are
normally recruited by either the defence or the prosecution to give an expert opinion, the decision-
making of the experts can be biased towards the party that retained them (Murrie et al., 20009,
2013).

In the United States, Federal Rule of Evidence 702 governs the admissibility of forensic expert
testimony and evidence (Federal Rules of Evidence, 2020; Risinger et al., 2002)—whilst
recognising that different states have different standards of admissibility for expert testimony
(Lesciotto, 2015). Federal Rule 702 accounts for key relevant cases such as Daubert v. Merrell
Dow Pharmaceuticals, Inc. and Kumho Tire Co. v. Carmichael (Federal Rules of Evidence, 2020;
Risinger et al., 2002). It requires that the testimony of the expert be “the product of reliable
principles and methods” and that “the expert has reliably applied the principles and methods to
the facts of the case” (Federal Rules of Evidence, 2020, para. 1). Similarly, in the UK, Criminal
Procedure Rule number 33.2(a) explicitly states that the expert has a duty to the court to provide

“objective and unbiased” expert opinions (Criminal Procedure Rules, 2014, p. 1).

Researchers have argued that these requirements would address the issue of cognitive bias in the
forensic science evidence presented to court (Dror et al., 2015; Risinger et al., 2002). Yet, in the
United States for example, it would be rare to exclude forensic science evidence under Federal
Rule 702 (Risinger et al., 2002). Therefore, a potential practical approach would be to control and
be transparent about what is disclosed to, and by, the forensic examiners (Almazrouei et al., 2019),
particularly given that the risk of cognitive bias is considered unavoidable and inherent in

the methodology (Dror & Cole, 2010).

2.1.4 Cognition of Decision-Making in Forensic Science

People in daily life as well as professional work process information. Humans interact with
incoming information, referred to as “bottom-up” information (Dror & Stoel, 2014). The bottom
up information is processed by the brain and cognitive system process to reach a decision (Dror

& Bucht, 2012; Kassin et al., 2013). In the forensic science context, bottom-up information is
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essentially the data generated from traces, such as bloodstain patterns (Taylor et al., 2016a). The
processing of these bottom-up data is dynamic and sequential in nature (Dror & Bucht, 2012; Dror
& Langenburg, 2019). When forensic experts make decisions, not all the information or the data
from the trace may be examined before a conclusion is made. Instead, each piece of information
may be assessed sequentially until a threshold for making a conclusion is reached (even before
examining all the available data from the evidence). For instance, a fingerprint comparison
involves sequentially examining a latent fingermark and a reference fingerprint and accumulating
data until a sufficient “similarity” is reached to report an identification, or “dissimilarity” is
reached for an exclusion (Dror & Langenburg, 2019). This pattern of decision-making takes place

across many domains (see Decision Field Theory (Busemeyer & Townsend, 1992, 1993)).

The interpretation of bottom-up information is mediated by top-down mechanisms, beyond the
actual data, such as knowledge, experience, motivations (Kassin et al., 2013) and
stress (Jeanguenat & Dror, 2018). Top-down processing is critical because the human brain has
limited capacity to process all the bottom-up information. For instance, selective attention
enables the brain to select and process only some bottom-up information while other information
is ignored (Kahneman, 2003; Saks et al., 2003). With more experience and knowledge, humans
develop these top-down processes and become experts. So, expertise, including forensic expertise,
entails well-developed top-down cognitive mechanisms that result in improved performance
compared with that of laypersons (Busey & Dror, 2011). With more experience and training, the
tasks that initially required effort and had a high cognitive load on the forensic experts are done
faster (Kellman et al., 2014). This way, experts develop heuristics (mental shortcuts) to judge part
of theinformation and ignore other parts. Hence, information processing becomes

more automatic and efficient (Gigerenzer & Gaissmaier, 2011).

However, these top-down mechanisms can also result in vulnerabilities (Busey & Dror, 2011). A
potential vulnerability is “cognitive bias”, which is “the class of effects through which an
individual’s preexisting beliefs, expectations, motives, and situational context influence the
collection, perception, or interpretation of evidence, or their resulting judgments, decisions, or
confidence” (Spellman et al., 2022, p.5; this definition is a modified version of the one outlined in
Kassin et al. (2013)). For example, once the forensic experts develop an expectation, “tunnel
vision” results (Spellman et al., 2022). In this situation, the experts are searching for certain

information, ignoring other information, and ultimately the forensic science evidence can be
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misinterpreted (Kerstholt et al., 2010). Thus, heuristic thinking is useful to make efficient
decisions, but can cause systematic errors and biased judgments (Kassin et al., 2013). It is critical
to emphasise that these vulnerabilities are unintentional because the experts are not aware of
their occurrence (as opposed to the intentional and unethical decisions to bias forensic

conclusions (Dror & Cole, 2010)).

2.2 Factors Impacting Decision-Making in Forensic Science

2.2.1 An Eight-Level Taxonomy

Dror (2020) devised a taxonomy that outlines biasing factors that can affect decision-making in
forensic science throughout the forensic science process (from the crime scene to court; see Figure
2-3). These factors could affect the observations (e.g., observing peaks in a DNA mixture), the
conclusions (e.g., matching suspect and reference mixture DNA profiles), or both, without
forensic examiners necessarily being aware of their impact (Dror & Hampikian, 2011; Jeanguenat

et al., 2017; see also Dror, 2016 for the Hierarchy of Expert Performance Framework).

The structure of the taxonomy starts with the factors specific to the case being investigated (e.g.,
the contextual information effect of knowing about the DNA evidence when
making fingerprint decisions (Stevenage & Bennett, 2017; see Category A in Figure 2-3). Then,
moving down the taxonomy, the factors are specific to the examiners doing the work (Category
B). Such factors include their experiences, their working environment, and the culture they work
in. At the very bottom, the factors relate to human nature that we are all subject to (Category C).
This taxonomy is helpful as it unpacks the different sources that may bias expert judgments (Dror,
2020a), and it has been demonstrated to be useful in recognising specific biasing factors in
multiple forensic science fields, such as forensic evaluations (Zapf & Dror, 2017) and digital

forensic examinations (Sunde & Dror, 2019).
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Figure 2-3: Eight factors of bias that may affect expert decision-making (Dror, 2020).

2.2.2 Contextual Bias

Context can create situations which affect judgements in forensic science (Saks et al., 2003). For
example, “reference materials” may affect decision-making if a single suspect reference is
presented instead of multiple reference samples as fillers (Kassin et al., 2013). This form of
presentation can result in the formation of pre-existing expectations, whereby the examiner seeks
information that supports their beliefs (Ask & Granhag, 2005; Kassin et al., 2013; Kukucka &

Kassin, 2014), hence, creating a confirmation bias (Kassin et al., 2013; see Section 2.1.4).

The effect of context on decision-making in forensic science has now been extensively studied
(Cooper & Meterko, 2019). The first empirical study on contextual effects dates back to 1984
(Found, 2015). In this study, it was found that contextual evidence, which created the belief that
the suspect is guilty, impacted judgments of forged signatures (Miller, 1984). Since then, various
forensic fields have exposed such potential biases — from bloodstain pattern analysis (Taylor et
al., 2016a, 2016b) and bitemark analysis (Osborne et al., 2014) to more established fields, such as

forensic toxicology (Hamnett & Jack, 2019) and DNA analysis (Dror & Hampikian, 2011).
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Additionally, various types of biasing contextual information have been studied, such as
confessions of guilt (Kukucka & Kassin, 2014) and the nature of the case in question (e.g., van den
Eeden et al., 2018). In van den Eeden et al. (2018), contextual information (indicating a suicide,
violent death, or no context) affected the first impression of the participants on the scene and the
number of traces they collected. Not only has the type of context been extensively studied, but
context has also been shown to influence and cascade between the different stages of the forensic
science process. For instance, Nakhaeizadeh et al. (2017) found that exposure to
contextual information (specifically, the subtle context of female in comparison to neutral
clothing on the skeletal remains) influenced subsequent decisions and the interpretation

of the sex assessment of the skeletal remains in the laboratory.

Despite the aforementioned studies, research on the effect of context on the decision-making in
forensic science remains a critical issue for further research so as to minimise cognitive bias
(Kassin et al., 2013). This is particularly important, considering the resistance of some forensic
examiners to the fact that experts are susceptible to cognitive bias (Kukucka et al., 2017; Oliver,
2018; Page et al., 2012), and the presence of concerns from some researchers on the paradigm of

cognitive bias research in forensic science (Champod, 2014; Curley et al., 2020).

Furthermore, more empirical research on the impact of contextual factors on forensic science
decisions is needed because of the presence of conflicting empirical findings (e.g., null findings
(Kerstholt et al., 2007, 2010)) or merely the methodological flaws in some of the previous studies
(Cooper & Meterko, 2019). Yet, as will be illustrated in Sections 2.2.3 and 2.3, it is arguably equally
important to expand the research efforts onto other human factors, such as emotions (Dror et al.,

2005; Hall & Player, 2008; Osborne et al., 2014) and workplace stress (Jeanguenat & Dror, 2018).

2.2.3 Motivational and Emotional Bias

Several studies have investigated the motivational and emotional factors that could influence
decision-making in forensic science (Charlton et al., 2010; Dror et al., 2005; Hall & Player, 2008;
Osborne et al., 2014; Osborne & Zajac, 2015). For instance, one study that employed semi-
structured interviews with 13 fingerprint examiners illustrated that the examiners expressed
personal interests in solving crimes and catching criminals, particularly for serious
crimes (Charlton et al., 2010). These motivations could be enhanced by the need for closure (Ask
& Granhag, 2005; Charlton et al., 2010). The consequences of the need for closure on cognition
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are critical. For instance, people tend to “freeze” their thinking when they are motivated to achieve
closure, and they become reluctant to consider alternative solutions (Ask & Granhag, 2005). It
has been asserted that in criminal investigations, the usual working hypothesis is that the suspect
is guilty, and the police investigators are motivated to look for evidence that confirms this

hypothesis (Ask & Granhag, 2005).

In addition to motivational factors, forensic experts can operate under emotionally charged
contexts (Osborne et al., 2014). Emotional factors can influence forensic science decisions (Dror
et al., 2005; Osborne et al., 2014; Osborne & Zajac, 2015). For instance, Dror et al. (2005) found
that emotional case details (e.g., horrific crime scene photographs) increased the ‘match’
decisions of fingerprints. This study, however, did not allow for inconclusive decisions to
be made, which does not replicate real-world fingerprint casework (Dror et al., 2005). Ten years
later, using a similar design, Osborne and Zajac (2015) included an inconclusive decision
(specifically, “unsure”) as an option. In this study, the emotional context did not affect the match
decisions. However, participants who received the emotional information reported fewer non-
match fingerprint decisions compared with the participants who received neutral context

(Osborne & Zajac, 2015).

Other researchers found that emotional context does not influence fingerprint decision-making
(Hall & Player, 2008). In this study, experienced fingerprint experts were asked to judge pairs
of fingerprints either in the context of forgery (low emotional context) or murder (high emotional
context). Although experts self-reported that their analysis was affected by the context, the
conclusions did not differ between the high and low emotional contexts (Hall & Player, 2008). It
has been debated in the published literature that this null finding could have resulted
from various methodological factors (such as weak emotional manipulation or the experts
knowing they were taking part in this study, as opposed to being a true null finding (Dror, 2009;

Kassin et al., 2013; Saks, 2009)).

There is a consensus among researchers that emotions and stress are closely related (Du et al.,
2018). For instance, the cognitive appraisal of stress can generate negative emotions, such as
anger and anxiety (Du et al., 2018). However, empirical studies have been able to identify the
impact of factors focused on emotions (e.g., Osborne et al., 2014) distinctly from stress (e.g., Arora

et al., 2010) on human decision-making.
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2.3 Stress and Decision-Making in Forensic Science

2.3.1 Characteristics of Stress

There is no universally accepted definition of stress or workplace stress (Adderley et al., 2012;
Epel et al., 2018). A commonly used definition of stress comes from the theory of stress and coping
(Lazarus & Folkman, 1984). This theory defines stress as when a person perceives the demands
of the environment to be larger than their ability to cope by meeting, lessening, or altering these
demands (Epel et al., 2018; Lazarus & Folkman, 1984). From this perspective, workplace stress
broadly refers to the responses employees develop due to being exposed to demands at work that
exceed their available resources and coping capabilities (Anshel, 2000; Kelty & Gordon, 2015).
However, these definitions appear to be limited to the impact of high levels of stress on individual.
The low levels of stress are also important for assessing expert performance (e.g. low stress can

lead to boredom (Driskell et al., 2014)).

Despite there being no generally accepted definition of stress, there are general characteristics
that have been recognised as being associated with stress (Epel et al., 2018). Stress is contextual,
and dependant on the interactions of individuals with the environment (Epel et al., 2018; Kelty &
Gordon, 2015; Lazarus & Folkman, 1984). Additionally, stress is dynamic, which means it can
change over time (Kelty & Gordon, 2015; Lazarus & Folkman, 1984). For instance, daily
discrimination against a worker by their supervisor (i.e., short-term, intense stress) can lead to

long-term, chronic stress and disease (Epel et al., 2018).

Stress involves both physiological and psychological responses in an individual (Benson & Casey,
2013; Quick & Henderson, 2016). Under stress, people often engage in a physiological reaction
commonly referred to as “fight or flight” (Benson & Casey, 2013). In this stress response, the brain
triggers the autonomic nervous system to prepare the person to fight or flee from the problem.
This reaction is accompanied by physiological changes, such as increases in stress hormone levels
from the adrenal glands, an increase in heart rate, tightening of the muscles, and suppression of
the immune system (Benson & Casey, 2013). A psychological response of “cognitive appraisal”,
which involves perceptions of people to a stressful event, is a key component of the stress
response. In other words, it is more about the individual’s perception of stress that makes a

situation stressful rather than a stressor per se (Epel et al., 2018; Lazarus & Folkman, 1984).
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Individual-level responses to stress vary, making some individuals better able to cope and perform

under stress than others (Cooper & Marshall, 1976).

2.3.2 Stress and Performance

Stress does not always have a negative effect. Stress can have a positive impact on human
decision-making performance (Kowalski-Trakofler et al., 2003; Paton & Flin, 1999; Yerkes &
Dodson, 1908). The Yerkes-Dodson law empirically shows an inverted-U-shape relationship
between stress and performance (Yerkes & Dodson, 1908). Performance is low at low levels of
stress then increases with increased stress. However, this increased performance continues only
until the level of stress is moderate — a “eustress stage” (Quick & Henderson, 2016). This can push

individuals to meet deadlines (Benson & Casey, 2013; Jeanguenat & Dror, 2018).

Once stress increases beyond the eustress stage and moves towards high levels of stress,
performance starts to drop (Benson & Casey, 2013; Yerkes & Dodson, 1908). LeBlanc et al. (2005)
asked 30 paramedics to calculate drug dosage after working in a highly stressful scenario and
found that acute stress could increase medical errors. Additionally, repeated exposure to stress
has been shown to impair the cognitive ability of individuals (Deligkaris et al., 2014) and the well-
being of forensic examiners at the workplace (e.g., Holt & Blevins, 2011). This is because repeated
stress can result in negative workplace experiences. These occupational experiences can include
causing physical (e.g., stomach distress and heart disease), psychological (e.g., anger and
job dissatisfaction) and behavioural reactions (e.g., substance use, smoking and absenteeism)
(Benson & Casey, 2013; Spector, 2012). High levels of stress or prolonged stress within the
workplace can lead to poor work performance and decreased productively (Driskell et al., 2014).
Equally important, stress can lead to diminished cognitive performance, mainly by affecting

working memory (Deligkaris et al., 2014).

2.3.3 Stress and Working Memory

Working memory is thought to be a main cognitive function that can explain the association
between stress and cognitive performance (see Deligkaris et al., 2014, for a review). This is based
on the role working memory plays in many major cognitive functions needed for accurate
performance, such as attention (Baddeley & Logie, 1999; Deligkaris et al., 2014; Gutshall et al.,
2017).
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Stress has been found to have an impact on working memory (Gutshall et al., 2017). The influence
of stress on attention, as mediated by working memory, is still not clear (Deligkaris et al., 2014).
Several studies have reported that stress narrows attention span (i.e., causes tunnel vision) under
acute stress conditions. This occurs because the decision maker adapts to a simpler way of
information processing to minimise nonessential information and focus more on the task at hand
(Dror, 2007; Kowalski-Trakofler et al., 2003). In contrast, some researchers found that
individuals under stressful conditions are more susceptible to distraction because of broadening

of attention span (Keogh & French, 2001).

2.3.4 Risk-Taking Under Stress

The same decision problem may produce a different judgment if processed by a different decision-
making system (Dror, 2007). There is a growing body of published literature that suggests that
humans operate under two decision-making systems: system 1 is fast and intuitive, and system 2
is deliberative and logical but slower (Evans & Stanovich, 2013; Kahneman, 2003). This dual-
system processing has been subject to criticism by some researchers who have argued that there
is a continuum of the processing styles rather than there being discrete types (Osman, 2004). Yet,
it can still offer a valuable model in understanding human decision-making behaviour (Evans &
Stanovich, 2013), including making decisions under stressful situations that involve risk-taking
(Reyna, 2004). For instance, it is evident that under time pressures, system 1 can offer a
fast, heuristic decision based on intuition. This ready-made decision is based on the familiarity
and experience of the decision maker (Kahneman, 2003), i.e., the top-down cognitive processing
discussed earlier in Section 2.1.4. However, often good decisions are reached when both systems
are involved because each system can support and constraint different aspects of the decision

(Dror, 2007).

Cognitive strategies in human decision-making also involve risk-taking when under stress
(Kerstholt, 1994; Maule et al., 2000). In the policing domain, for example, a police officer might
decide to shoot a person who could be innocent, or might not shoot a person who could undertake
a terrorist act (Dror, 2007) Risk-taking involves a complex equation of assessing
different alternative choices and their consequences before making a decision —the “payoff
matrix” (Kornbrot, 1988). The decision to take a risk depends on decision parameters (e.g., the
complexity of the decision, number of alternative choices), internal factors (e.g., the state of mind
of the decision maker), and external factors (e.g., stress and context (Dror, 2007)). For instance,
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Dror et al. (1999) found that time pressure decreased thresholds to make decisions. This means
that less evidence is required before reaching a conclusion. This dynamic risk-taking under
stressful conditions is also argued to be applicable to the forensic science discipline, as inferred
from the cognitive model in forensic science (Dror & Langenburg, 2019). For example, fingerprint
experts may opt for the less risky “inconclusive” conclusions because they are typically
not challenged in courts, and are most often not verified —as opposed to identification decisions

(Dror & Langenburg, 2019).

2.4 Sources of Workplace Stress in Forensic Science

2.4.1 Common Organisational-Level Sources

There are three main sources of stress at work (Cooper & Marshall, 1976): organisational-level
factors (e.g., promotions and career development), extra-organisational factors (e.g., financial
and family problems), and individual-level factors (e.g., tolerance for ambiguity; see also Section
2.3.1 for a discussion on individual-level responses to stress) (Cooper & Marshall, 1976; Epel et
al., 2019; Kelty et al., 2021). These factors of workplace stress form part of the model of stress at
work by Cooper and Marshall (1976), which is still being utilised as a framework to research

workplace stress (e.g., Johnson et al., 2005).

The organisational-level factors are intrinsic to the job and the workplace environment (Cooper
& Marshall, 1976). Forensic experts face organisational-level stress factors, which are either
common across other domains or specific to the forensic science context (Jeanguenat & Dror,
2018; Kelty & Gordon, 2015). Common stress factors can originate from workload,
from interactions with stakeholders (e.g., colleagues and managers), or from other organisation-

specific aspects (e.g., work shifts and salaries; Kelty & Gordon, 2015).

Case workload has increased in the forensic science discipline, which adds pressure for the
forensic examiners (National Institute of Justice, 2019). For example, forensic examiners who had
more working hours per week reported higher levels of stress (Holt et al., 2017). There are various
causes for the increased forensic caseload. Staff shortage is a common cause in the crime scene
field (Kelty & Gordon, 2015). This shortage can affect staff morale particularly when there is an
unexpected increase in major crimes that require the findings to be reported in less time (Kelty &

Gordon, 2015). Technological advancement is another cause of increased forensic caseload
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because forensic science is being used more often in nonviolent crimes (Becker et al., 2005;
Jeanguenat & Dror, 2018; National Institute of Justice, 2019). This kind of culture promotes

continuous pressure to take more and more cases.

Relationships in the workplace are another common organisation-level stress factor in forensic
science (Jeanguenat & Dror, 2018). They can be one of the primary causes of stress among
criminal justice employees in general (Cullen et al., 1985; Holt et al., 2017; Johnson et al., 2005).
As forensic examiners interact with multiple stakeholders — in the legal, investigative, forensic,
regulatory, and public domains (Almazrouei et al., 2019; Dror & Pierce, 2020) — possibilities for
task ambiguity or competing demands are possible for the examiners (Holt et al., 2017; Holt &
Blevins, 2011). Such conflicting, unclear communication to the forensic examiners were found to
be a significant factor for increased levels of stress in the forensic science discipline (Holt et al.,

2017).

2.4.2 Context-Dependant Organisational-Level Sources

Several stress factors specific to the context of forensic science have been identified (Jeanguenat
& Dror, 2018). One of these stress factors is the intensified scrutiny of forensic techniques and
approaches and criticisms of their validity (e.g., National Academy of Sciences, 2009). This can
create adverse working environments (Jeanguenat & Dror, 2018). Additionally, there are
unreasonable expectations placed on the forensic experts by management and supervisors to not
make mistakes due to the high stakes of the forensic results to stakeholders (Charlton et al., 2010;
Murrie et al., 2019; Mustonen et al., 2015). Another unique stress factor is that forensic science
across the board is underfunded despite increased demand (House of Lords Science and
Technology Select Committee, 2019; Morgan & Levin, 2019; National Institute of Justice, 2019).
Forensic experts may have a sense of job insecurity and uncertainty because their salaries and
laboratory equipment are dependent on securing government funding (Jeanguenat & Dror, 2018;

National Institute of Justice, 2019).

Forensic examiners can be directly exposed to emotionally distressing elements of crime scenes.
These elements can come from violent crimes against children (Burruss et al., 2018; Kelty &
Gordon, 2015), bloody and violent scenes (Salinas & Webb, 2018), and examining decomposed
bodies (Iorga et al., 2016). For example, in Kelty and Gordon (2015), 9 of 19 crime scene
examiners reported the presence of friends or family of victims at the crime scene to be one of the
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highest sources of workplace stress. Theytry to manage this stress by attempting to
cognitively detach themselves and focusing on the scientific evidence (Kelty & Gordon, 2015).
Alternatively, examiners can be indirectly exposed to case details and photographs when they get
involved with managers to prepare the case strategy to triage the samples for examination

(Jeanguenat & Dror, 2018).

2.4.3 Extra-Organisational Sources

There are several extra-organisational sources of workplace stress that can influence the physical
and mental well-being of individuals in the workplace (Cooper & Marshall, 1976). These can
include family problems (e.g., relationship with their spouse) and financial difficulties (Bell et al.,

2012; Burke, 1994).

Stress from the personal life can “spill over” into the workplace and vice versa (Sok et al., 2014).
For instance, in investigating 139 academics, Bell et al. (2012) found that individuals with higher
perceived levels of stress at the workplace had a poorer balance between the workplace and
personal life. This imbalance caused increased levels of work-life conflict (Bell et al., 2012). High
work-life conflict has been shown to reduce job satisfaction and lower performance in the
workplace (Burke, 1994; Frank et al., 2017; Hall et al., 2010). However, it is critical to emphasise
that the personal life of individuals can serve as a coping mechanism for stress in addition to being

a source of stress (for example, communicating feelings with the spouse (Kelty & Gordon, 2015)).

2.4.4 Moderating Factors of Stress

It has been found that considering the different attributes of individuals (such as their core field,
sex, and years of experience) can help with understanding the moderating variables of stress (Holt
et al., 2017; Kavanagh, 2005). Workplace stress within the same agency can differ according to the
field of expertise. For example, the digital forensic field faces different stress factors to other
forensic science fields (e.g., thejob responsibilities of digital examiners can involve
examining emotionally disturbing child pornography images and videos (Burruss et al., 2018;
Holt & Blevins, 2011)). Different fields can have different caseloads, which can affect the stress
from working on too many cases. For instance, in examining 4,205 criminal cases from five U.S.
jurisdictions, it was found that biological evidence was more represented in rape cases, whereas
latent prints dominated cases of burglaries and robberies (Peterson et al., 2013). Field-specific

workloads can change. For instance, the recent dramatic increase in demand of digital evidence
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caused an approximate threefold increase in turnaround time (National Institute of Justice,

2019).

Considering sex differences when looking at the occupational experiences in regard to forensic
workplace stress is vital. Women make up most of the forensic science discipline workforce. For
example, in a study of 15 U.S. forensic laboratories, 58% of the scientific employees were female
(Houck, 2009). Several studies reported that women can experience higher stress levels than men
at the workplace for reasons such as having additional family responsibilities outside the
workplace (Sharma et al., 2016) and differences in coping styles (Matud, 2004). However, there
is still no clear relationship between sex and forensic science workplace stress. For instance, Holt
and Blevins (2011) found that female digital forensic examiners experienced less stress than male
counterparts. The opposite was reported in a subsequent study using a bigger sample size and
looking into various forensic fields (Holt et al., 2017). Holt and Blevins (2011) did not provide
an explanation for their findings, which opposed their hypothesis, because the duties of male and

female digital examiners are the same.

Similar to stress varying according to the field of expertise and sex, there is still no clear pattern
in how years of experience in forensic work may affect stress (Holt et al., 2017). In addition,
contradictory findings—yet plausible causes of workplace stress, as it relates to experience— have
been reported. For instance, some argue that more experienced individuals report higher stress
for reasons such as having more responsibilities or being in a supervisory role (Holt & Blevins,
2011). Others reported that more experienced individuals would be less stressed because they
have fewer stressful day-to-day tasks (Patterson, 2003), or because they develop adaptive coping

strategies for stress (Gutshall et al., 2017).

2.5 Stress and Fingerprint as Evidence

2.5.1 Stress and Fingerprint Decision-Making

As indicated in Sections 2.2.22.2.3and 2.2.3, a number of published studies have investigated the
impact of human factors, such as context (e.g., Dror et al., 2006; Smalarz et al., 2016; Stevenage
& Bennett, 2017) and emotions (e.g., Hall & Player, 2008; Osborne & Zajac, 2015) on fingerprint

decision-making . However, there is still a lack of literature studying the impact of stress on the
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decision-making in forensic science (Jeanguenat & Dror, 2018), including its impact on

fingerprint decision-making.

It is contended by Ulery et al. (2017) that systematic bias can occur when the forensic organisation
encourages the decision maker to make one decision over another. Such stress factors can
vary among laboratories and cases, and responses of experts can vary according to these stressors
(Ulery et al., 2017). For instance, some fingerprint experts reported that they were discouraged
from making inconclusive decisions when the latent and known prints were of value and included
a large area for comparison (Ulery et al., (2011); see Section 2.3.4 on a discussion on risk-taking).
Another study found that some fingerprint experts seek conclusive outcomes due to a “need for
closure”, especially when working with serious crimes (Charlton et al., 2010). Therefore, the stress
environment in which the examiner operates can be a contributing factor in the conclusions

reached by fingerprint experts (Ulery et al., 2017).

Importantly, biased fingerprint conclusions were discovered in high profile case studies (e.g.,
Office of the Inspector General, 2006; The Fingerprint Inquiry, 2011), which led to doubts about
the claims that fingerprint identification is accurate and infallible (for example, see Leadbetter,
2007). Reasons for these claims include the beliefs that fingerprints are permanent and unique to
the individual (Cole, 2006) and the overconfidence of fingerprint examiners in their abilities or
in the strength of fingerprint evidence (Mnookin, 2008). However, the validity of these beliefs has
been criticised, with the individualisation conclusion to be with no scientific basis (Saks &
Koehler, 2008). Similarly, the method of fingerprint examination and formulating conclusions
have been questioned (Dror & Langenburg, 2019; Kellman et al., 2014; Mnookin, 2008), as will

be illustrated in the next section.

2.5.2 Fingerprint Examination and Conclusions

Examining fingerprints is a complex task. Even with technologies like the Automated Fingerprint
Identification System (AFIS), the assessment of fingerprints relating to crime still fundamentally
relies on the visual-based decisions of fingerprint examiners (Dror et al., 2012; Thompson &
Tangen, 2014; VanderKolk, 2011). This is partially because fingermarks from crime scenes
typically have less data than fingerprints collected under more controlled situations (for example,
reference fingerprints for comparison (Dror & Cole, 2010; Towler et al., 2018)). In addition,
detailed fingerprint examination involves assessing the perceptual elements within the
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fingerprint area (Busey & Dror, 2011). This assessment, as with other types of pattern recognition
domains, such as facial recognition and aircraft identification, requires human expertise (Busey

& Dror, 2011).

Fingerprint experts often reach their conclusions using the ACE-V approach (analysis,
comparison, evaluation, and verification). First, examiners assess the suitability of the latent
fingermark from the crime scene (analysis). Then, examiners compare the suitable latent mark
with the reference fingerprint from the suspect, searching for similarities and differences
(comparison). In the evaluation stage, the similarities and differences between the mark/ print
are assessed to reach a conclusion. In the verification stage, if conducted, a second examiner
verifies the conclusion made by the first examiner (Langenburg et al., 2009; Stevenage & Bennett,
2017; VanderKolk, 2011). It is contended that the ACE-V approach is not a formalised method
(Kellman et al., 2014; Mnookin, 2008), and it varies across jurisdictions/ labs (Langenburg, 2011;
Stevenage & Pitfield, 2016). This is because there are no clear metrics or specifications on how to
analyse the latent mark, or how to compare or evaluate the prints; hence, there is no specificity

on how to assess and what counts as sufficient to make a conclusion.

At the end of the ACE-V approach, fingerprint examiners typically report a categorical conclusion:
identification, exclusion, or inconclusive. The examiner makes an identification conclusion (i.e.,
the latent fingermark was made by the known fingerprint) if there are sufficient corresponding
features (or similarities) between the two prints. An exclusion conclusion is reported (i.e., the
latent fingermark was not made by the known fingerprint) wherein the examiner decides that
there are sufficient differences (or dissimilarities) between the marks and prints. If the fingerprint
examiner cannot decide whether the latent fingermark can be identified or excluded from the
known fingerprint, an inconclusive conclusion is made (Langenburg et al., 2009; Stevenage &
Bennett, 2017; VanderKolk, 2011). As indicated earlier in this section, there is a variability across
jurisdictions on the threshold of reaching these conclusions (Langenburg, 2011; Stevenage &
Pitfield, 2016). Not only do different jurisdictions use different thresholds, but examiners working
within the same lab may have different thresholds. Furthermore, the same examiner, examining
the same pair of prints, may use different thresholds at different times (Dror, 2016; Ulery et al.,

2012).
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2.6 Identified Gaps

2.6.1 Sources of Workplace Stress in Forensic Science

A few published studies have addressed the understanding of stress felt by forensic examiners in
the workplace, such as looking at crime scene examiners exposed to horrific crimes (e.g., Kelty &
Gordon, 2015; Yoo et al., 2013) and forensic odontologists exposed to mass casualties (e.g., Webb
et al., 2002). Webb et al. (2002) argued that research on the psychological consequences of stress
on forensic science professionalsis lacking because of the general belief that professionals
involved in emergency situations, such as forensic odontologists in mass disasters, are expected
to deal with stress and demands as part of their job. It appears that most of the relevant research
carried out so far has mainly focused on the stress experienced by crime scene examiners (e.g.,
Adderley et al., 2012; Craven et al., 2022; Kelty & Gordon, 2015; Salinas & Webb, 2018) or forensic
examiners exposed to crimes against children, such as forensic interviewers (e.g., Bonach &
Heckert, 2012; Brady et al., 2019) and digital forensic examiners (e.g., Burruss et al., 2018; Holt

& Blevins, 2011; Seigfried-Spellar, 2018).

This gap in the evidence-base has driven some national bodies to call for more research into
understanding workplace stress in forensic science. For instance, in 2020, the U.S. National
Institute of Justice awarded more than $4 million in funding to this line of research (National
Institute of Justice, 2020). Additionally, The American Society of Crime Laboratory Directors
recently formed a Trauma and Stress Working Group (American Society of Crime Laboratory
Directors, 2019). Notably, stress and mental health research on professional disciplines, including
forensic science discipline, has gained momentum as a result of the COVID-19 pandemic (De Kock
et al., 2021; Fournier et al., 2022; Puzzo et al., 2022). However, research into the workplace stress

of core fields, such as forensic biology and fingerprinting, is still lacking (Holt et al., 2017).

The most comprehensive study investigating workplace stress surveyed 670 forensic examiners
from various forensic science fields (Holt et al., 2017). This study included examiners from
different state and federal forensic laboratories in the United States (Holt et al., 2017). However,
inter-laboratory differences in the working cultures could have confounded the findings of the
study. There is therefore a need to account for this possibility by targeting forensic examiners
from within the same laboratory. Furthermore, this study, along with the other aforementioned

studies, focused on the perceived influence of stress on the well-being of examiners (such as the
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trauma from stress (Burruss et al., 2018; Yoo et al., 2013)). However, they neglected data
collection, or at minimum a focused discussion on its potential impact on the decision-making in

forensic science (Jeanguenat & Dror, 2018).

Research addressing the stress experienced by forensic experts that considers demographical
factors such as forensic science field, sex, and years of experience is also lacking (Holt et al., 2017).
Such variations can help understand the factors that moderate stress, and how different factors
play a role in creating, reducing, and managing stress (Holt et al., 2017; Kavanagh, 2005).
Establishing the factors that forensic experts perceive to be stressful has implications for
developing relevant, evidence-based approaches to improving the well-being of experts (Holt et

al., 2017) and their decision-making performance (Jeanguenat & Dror, 2018).

2.6.2 The Impact of Stress on the Decision-Making in Forensic Science

Workplace stress has been shown to have an impact on the quality of decisions made by
professionals in a variety of specialised domains, such as medicine (e.g., Arora et al., 2010) and
policing (e.g., Akinola & Mendes, 2012). In the medical domain, for instance, a review of 22
empirical studies indicated that high levels of stress factors (such as bleeding, time pressure and
procedural complexity) can affect the performance of surgeons (Arora et al., 2010). The
relationship between stress and cognitive decision-making has “clear implications for professions
that are characterised by high levels of work pressure and intense cognitive demands” (Deligkaris
et al., 2014, p. 118), such as those in forensic science (Helsloot & Groenendaal, 2011; Jeanguenat
& Dror, 2018). There is a lack of the aforementioned experimental paradigms in the forensic

science fields (Jeanguenat & Dror, 2018), including fingerprinting.

The fingerprint field was chosen for the experimental studies in this thesis because fingerprint
evidence is used frequently and can carry significant weight in court decision-making (Mustonen
et al., 2015), so understating whether stress influences those decisions is critical. Furthermore,
there is evidence from research (e.g., Charlton et al., 2010; Ulery et al., 2017) and casework (e.g.,

Kassin et al., 2013) to suggest that stress can affect fingerprint decision-making.

To date, no peer-reviewed studies have explicitly investigated the impact of stress on fingerprint
decision-making (and, more broadly, on any forensic field). The small number of studies that
included a stress factor in their design were limited in the following respects. First, the main aims,
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method, and findings did not explicitly address the direct impact of stress on the judgments in
forensic science. For example, in the crime scene field (Helsloot & Groenendaal, 2011), forensic
team leaders were asked to make decisions in settings that resemble real casework (i.e.,
ambiguous crime scene that involves making important decisions under time constraints after
receiving contextual information at different times — hence, the implicit stress). Similarly, in the
fingerprint field, the main aim of Stevenage and Bennett (2017) was to study the impact of
contextual bias from prior knowledge of DNA results on fingerprint conclusions, not the impact

of stress arising from the time pressure induced.

Furthermore, the design of the limited studies that indirectly assessed the impact of a stressor
(predominantly time pressure) on fingerprint decision-making might not have been ecologically
valid (Kellman et al., 2014; Stevenage & Bennett, 2017; Thompson & Tangen, 2014; Zou et al.,
2021). The time allowed to make the fingerprint assessments was extremely short (e.g., two
seconds to provide a fingerprint decision (Stevenage & Bennett, 2017)). In forensic settings,
fingerprint examiners typically have ample time to make fingerprint evaluations (Kellman et al.,
2014), and even when there is pressure to report conclusions faster, the deadline would not be so
short. Additionally, these studies in the fingerprint field forced the participants to make either an
identification or an exclusion (Stevenage & Bennett, 2017; Thompson & Tangen, 2014). In real

casework, inconclusive decisions are allowed (Dror & Langenburg, 2019; Kellman et al., 2014).

To address these gaps, it is critical to examine the experiences (self-reported) and behaviour
(experimental) of forensic experts. Forensic experts are the ones who perform the actual forensic
casework (Almazrouei et al., 2019). Further, their decisions can affect subsequent police or court
decision-making (Earwaker et al., 2020; Kelty & Gordon, 2015; Morgan et al., 2018). Collecting
both self-reporting and experimental data can offer a more holistic understanding of the impact
of workplace stress on the well-being of forensic experts, as well as their decision-making
performance. This can ultimately provide an evidence-base for more efficient, accurate,

reproducible and robust crime reconstructions.

2.7 Aims and Research Questions

Therefore, the aim of this PhD thesis was to explore the extent to which the forensic experts
experience stress in the workplace, and its potential impact on their decision-making. Specifically,
this research sought to provide data on the possible sources of stress as felt by the examiners,
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including the explicit and implicit pressures from the feedback they receive during casework
(objective (a)). In addition, to address objective (b), experimental work was undertaken to explore
the possible influence of stress on forensic science decision-making by considering whether stress
has a positive or a negative impact on the quality of experts’ decisions, and willingness to take

risks by reporting inconclusive decisions.

This thesis addresses the following main research questions:

e Research question 1: What degree of workplace stress (and feedback) do forensic experts
experience? To address research question 1, forensic examiners were asked to complete
two surveys about the stress they feel and its sources (Chapters 3 and 4). Answering this
question contributes to objective (a) of the thesis.

e Research question 2: Does stress impact conclusions reached in crime reconstructions by
forensic experts? Specifically, does stress influence conclusions reached by fingerprint
experts, and does this influence differ between experts and novices? To address research
question 2, online experiments were conducted (Chapters 6), after developing a method
to stress participants online, without the presence of researchers (Chapter 5). Addressing

this question contributes to objective (b) of the thesis.

Findings from this thesis offer a holistic understanding on the possible sources (self-reported)
and impact (experimental) of stress on decision-making in forensic science contexts. Hence, this
research may help devise appropriate strategies for optimal working environments for forensic

experts who perform the actual casework.
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Chapter 3 Organisational and Human Factors Affecting Forensic
Decision-Making: Workplace Stress and Feedback (Study 1)

3.1 Introduction

Forensic examiners operate in a stressful environment (Holt et al., 2017; Kelty & Gordon, 2015;
National Institute of Justice, 2019). For example, Holt and Blevins (2011) surveyed 56 digital
forensic examiners and found that around 68% were working under a lot of pressure at work.
Participates in this study reported a number of coping mechanisms, such as drinking alcohol and
smoking. As stress becomes high, performance and quality of decisions start to drop (Yerkes &
Dodson, 1908). In forensic science, quality of judgments includes accuracy, but also other issues,
such as confidence levels, documentation of the decision-making process, reporting of the
conclusions, ability to justify the decisions and their presentation in court (Dror & Pierce, 2020;

see also (Dror, 2016) for Hierarchy of Expert Performance).

Feedback is a critical factor in its own right, that can impact well-being and performance (Choi et
al., 2018), as it can have implications for the motivation, expectations and the decision-making of
forensic examiners (e.g., questions 8 and 9 in (Kukucka et al., 2017)). Therefore, understanding
the ways feedback given to forensic examiners and how it may affect their decision-making, is
important for understanding the context in which decisions are made (Almazrouei et al., 2019;
Dror & Pierce, 2020). This has the potential to impact the entire crime reconstruction process

(Morgan et al., 2020).

Human factors are not independent, and often affect one another. For example, stress and
emotions are closely related, as stress can generate negative emotions (Du et al., 2018). Similarly,
stress and feedback are related (e.g., pressures from feedback can cause stress). Importantly, such

pressures can impact conclusions (Ulery et al., 2017):
“Errors and disagreements among examiners may be due to in part . . . [to] systemic

pressures encouraging some decisions more than others. These pressures will vary by

agency or among cases, and examiners’ responses to these pressures will vary.” (p. 66)
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The study reported here deals with these human factors of stress and feedback that can affect
decision-making. A questionnaire was designed to contain questions about stress and feedback
(see Appendix A). For clarity in presenting the findings, this chapter is divided into two parts. The
first part focuses on stress experienced at the workplace, examining the existence of and sources
of stress in forensic science laboratories. The second part addresses the feedback provided,

examining how it is perceived by practicing forensic examiners.

3.2 Part One: Workplace Stress

Research on workplace stress factors in forensic science have generally been neglected in the
published literature (Jeanguenat & Dror, 2018; National Institute of Justice, 2019). There is a lack
of research addressing workplace stress of examiners working in forensic science in general, and
specifically across core forensic science fields (such latent prints and forensic chemistry) (Holt et
al., 2017), and across different stages of their career. It is argued that research on the
psychological consequences of stress experienced by forensic science professionals is
lacking because of the general belief that professionals involved in emergency situations are

expected to deal with stress and demands as part of their job (Webb et al., 2002).

Research on stress experienced by forensic experts can help in understanding the factors that
moderate stress, and how different factors play a role in creating, reducing, and managing stress
(Holt et al., 2017; Kavanagh, 2005). This may have implications for developing relevant evidence-
based approachesto improve the wellbeing of experts as well as their decision-making
performance. Therefore, this study explores the factors that may cause forensic science examiners
to feel stress. It was of interest to examine the contribution of stresses attributed to the workplace
as opposed to personal factors; whether there were differences in the stresses felt by examiners
working in different forensic science fields; and whether the years of experience moderated the

level of stress experienced.

3.2.1 Method

3.2.1.1 Questionnaire

Following established approaches in decision-making studies within the forensic science

discipline (Gardner et al.,, 2019; Hamnett & Jack, 2019; Kukucka et al., 2017), and studies
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addressing perceptions of workplace stress factors (e.g., Burruss et al., 2018; Holt et al., 2017), a

questionnaire was designed to examine workplace stress (Part One) and feedback (Part Two).

Part One contained questions to ascertain whether forensic examiners had felt stressed at work,
and how much of the stress they attributed to personal reasons (e.g., family, medical, and/or
financial matters) as opposed to relating the stress to the workplace (see Figure 3-1). The
participants were required to rank their responses on a seven-point Likert-type scale. The
participants were also asked to provide demographic information on their primary forensic field

and years of experience.

3.2.1.2 Participants

A total of 150 forensic examiners from a major forensic laboratory in the United States took part
in the study (71% response rate; N = 212). All the participants were practicing forensic examiners,
and they were from the same forensic laboratory, so that it was possible to examine and compare
variables (e.g., fields of expertise and years of experience) without introducing inter-laboratory

variations.

Forensic examiners identified their primary fields as: biology/ DNA (n = 42), latent prints (n =
40), controlled substances (n = 24), forensic alcohol (n = 7), toxicology (n = 4), firearms (n = 9),
and trace evidence (n = 5). Nineteen (13%) did not report their primary field, and three latent
print examiners stated that they also work as crime scene examiners as a secondary field. The
fields were grouped together on the basis of the type of expertise deployed, giving three field
categories: forensic biology (n = 42; DNA and biology), latent prints (n = 40), and forensic
chemistry (n = 35; controlled substances, toxicology, and forensic alcohol). The remaining fields
(trace evidence, firearms, and crime scene investigation as a secondary field) were excluded from
the analysis by field of expertise, because they contained low participant numbers and did not fit

within any of the three main field categories.

The mean years of experience was 12 (SD = 9.7 years, with a range from 1 to 47 years; did not
respond: n = 12). Four examiners provided a qualitative written response to the question about
their years of experience (e.g., “many” or “lots”) or the number written was illegible and thus not

included in the years of experience analysis (i.e., 16 participants (11%) were excluded from the
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analysis by experience, leaving 134 participants). Following the accepted approach in the
published literature to categorise data, such as the years of experience (e.g., Holt et al., 2017; Yoo
et al., 2013), the years of experience were grouped into categories of comparable sample sizes:
early-career (0 to 5, n = 36); mid-career (6 to 10, n = 28) and (11 to 20, n = 40); and late-career

(>20, with n = 30).

3.2.1.3 Statistical Analysis

Both descriptive and inferential statistics were applied, using SPSS (version 25), to measure the
reported stress levels in general, and to examine stress by field and years of experience. Following
previous research (Holt et al., 2017), the seven-point Likert-type scale responses were converted
to an ordinal, categorical scale of low, moderate, and high scores: scores 1—2 as low (i.e., low
feelings of stress), scores 3—5 as medium, and scores 6—7 as high (i.e., strong feelings of stress).
Equal categories of low and high scores were made as per previous published research (Holt et
al., 2017). However, it should be emphasised that some of the neighbouring scores (e.g., scores 2
and 3) are grouped in different categories (i.e., low and medium) and this is reflected in the
interpretation. Likert scales can be categorised (e.g., Kukucka et al., 2017) and can be statistically
treated at an ordinal level (Jamieson, 2004). This categorisation helps to examine the variability

of stress experienced by the examiners.

A chi-square test (goodness of fit) was used to determine whether the categorical responses for
each question differed significantly (i.e., low vs. high stress scores; see Figure 3-1). An alpha
significance level of 0.05 was used for all the statistical tests. In addition to the significance

testing, the means and standard deviations are reported.

One-way ANOVA and post hoc (Bonferroni) were used to compare the mean workplace stress
levels across the categories of forensic fields and years-of-experience. In case that the
homogeneity of variance assumption was not met, as assessed by Levene's test, then a one-way
Welch ANOVA and post hoc (Games-Howell) were used instead. In addition to comparing the
means, a chi square test was used to test whether the responses of the high scores for the three
categories of forensic fields differed significantly from one another. The stress scores were

particularly important at the high levels where the influence of stress on the well-being and

Page 59 of 211



performance of forensic examiners can be most critical (Benson & Casey, 2013; Deligkaris et al.,

2014; Yerkes & Dodson, 1908).

3.2.2 Results

3.2.2.1 Workplace Stress

One in three forensic examiners (36%, n = 53) reported that they often experience stress while at
the workplace (low vs. high stress scores, x2(1, N = 79) = 9.23, p = .002; M = 4.61, SD = 1.90; see
Figure 3-1). For the high stress levels felt by the examiners, stress was attributed more from the
workplace (i.e., 25%, n = 37, from management and/ or supervisors (x2 (1, N = 96) = 5.04, p =
.025; M = 3.62, SD = 2.16), and 20%, n = 29, from backlog pressure (x2(1, N = 95) = 14.41, p <
.001; M = 3.30, SD = 2.05)) than from the personal life (11%, n = 16; x2(1, N = 84) = 32.19, p <
.001; M = 3.14, SD = 1.85).

Percentage (%)
o 5 10 15 20 25 30 35 40 45 50

1. In the past year, I often felt stressed while at work

2. The stress I felt originated from personal reasons
(e.g., family, medical and/ or financial)

3. The stress I felt originated from management
and/ or supervisors

4. The stress I felt originated from backlogs and pressure
to do many cases

m High score #® Low score

Figure 3-1: Scores of stress levels. * p < 0.05 for x2 of low vs. high stress level scores.
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3.2.2.2 Stress by Field and Experience

On average, moderate workplace stress (question 1) were felt by all forensic field categories:
biologists (M = 5.02, SD = 1.94), latent print examiners (M = 4.75, SD = 1.77) and forensic
chemists (M = 4.09, SD = 1.92). Whilst the mean stress levels did not vary across the three field
categories (questions 1-4, p > .05), the level of high stress differed from backlog pressure only, x2
(2, N = 24) = 7.75, p = .021. The percentage of forensic biologists (34%, n = 14) who strongly felt
that their stress originated from backlog pressure was higher than the other fields, i.e. latent print

examiners (18%, n = 17) and forensic chemists (9%, n = 3).

The mean stress levels varied across experience groups, but only due to stress from management
and/ or supervisors (question 3, Welch’s F(3, 67.7) = 6.01, p = .001) and backlog stress (question
4, Welch’s F(3, 67.7) = 8.15, p < .001; see Table 3-1). There were no interactions between the
forensic field and years of experience on the reported stress levels (univariate ANOVA for

questions 1-4, p > .05).

Table 3-1: Mean responses for questions (3), (4) and (77) where significant findings were found

among the means of four experience groups in the current study.

Question 0-5 6-10 11-20 >20

3. Management stress 2.53 (1.63)>bc  4.21(2.83)2 3.70 (2.12)P 4.20 (2.28) ¢

4.  Backlog stress 2.06 (1.51)4ef 3,37 (1.98)d 3.98 (2.19)¢ 3.50 (1.94)f

7. Feedback on expected 2.18 (1.62)8 2.89 (1.85) 2.76 (1.48) 3.33 (1.94)8
conclusions

a,bc.defpco.05, Post hoc (Games-Howell); 8 p<0.05, post hoc (Bonferroni)
3.2.3 Discussion

3.2.3.1 Workplace Stress

On average, forensic examiners in this study reported a moderate frequency in feeling stressed at
the workplace (question 1, M = 4.61, SD = 1.90). However, there was variability in the data as
reflected by the standard deviations, and by the low and high stress scores (see Figure 3-1).
Variability is expected given individual differences in responding to stress factors (Epel et al.,

2018; Lazarus & Folkman, 1984). Also worth noting is that although question 1 asked examiners
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on the frequency of their stress at work (i.e., “often”), the responses to this question can also
reflect their level of stress. It is generally reasonable to assume that people who feel stressed more
frequently also feel higher levels of stress (e.g., see transdisciplinary model of stress that describes
‘stress’ as a set of integrated processes, including the history of stressors in the life of an individual
(Epel et al., 2018)).

In this study, 36% of the forensic examiners strongly felt that they are often stressed at work.
Published research from other domains has shown that repeated exposure to stress or when stress
levels are high, the well-being (Benson & Casey, 2013) and decision-making performance drops
(Deligkaris et al., 2014; Yerkes & Dodson, 1908). For example, LeBlanc et al. (2005) asked 30
paramedics to calculate drug dosage after working in a highly stressful scenario and found that

intense stress increased medical errors.

The data from the study reported here concerns the feelings experienced by forensic examiners.
It does not include objective measures of the performance and quality of decisions of the
participants. Hence, the data reported does not show the nature of the causational relationship, if
any, between high stress and performance. Higher levels of stress can impact performance in a
number of ways. These data cannot ascertain the impact, but clearly shows that stress is felt by

forensic examiners, and hence warrants further research.

Future research needs to experimentally examine the impact of stress on the decision-making
performance in the forensic science context, as has been studied in other specialised domains (see
for example, Arora et al. (2010) for a review of studies that investigated the impact of stress in the
medical domain). Such experimental research is important given the critical nature of forensic

science decisions within the criminal justice system (Morgan, 2017a; Morgan et al., 2020).

In the current study, 17% of forensic examiners reported feelings stressed at work relatively
infrequently (if they felt stressed at all). It has been observed in some contexts that low levels of
stress can lead to underload, boredom and lower performance (Driskell et al., 2014). Conversely,
moderate stress can improve performance (Yerkes & Dodson, 1908), as it can, among other
things, push individuals to meet deadlines (Jeanguenat & Dror, 2018). Hence, the published

literature addressing stress suggests that there could be benefits in maintaining moderate stress
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levels at the workplace of forensic examiners (by, for example, providing new, interesting tasks to

motivate underloaded, low stressed individuals (Driskell et al., 2014)).

The findings of this study suggest that the forensic laboratory management and/ or supervision
contribute to the stress levels felt by the forensic examiners (the way the question was framed in
the survey does not allow us to determine if it was the laboratory management or the supervisor
that created the stress, or both —it is only possible to identify that there was stress felt and it was
attributed to either or both of these factors). Published research addressing stress suggests that
relationships in the workplace are a common organisational-level stress factor, and that they can
be one of the primary causes of stress among criminal justice employees in general (Cullen et al.,
1985; Holt et al., 2017). Hence, it would appear that forensic management and/ or supervisors

may play a key role in optimising the stress levels and well-being of forensic examiners.

Similarly, the findings of the current study reveal that backlogs and pressure to complete many
cases can contribute to the stress felt by the forensic examiners. It has been suggested in the
published literature that pressure from case backlog is intensified by the increase of requests from
prosecutors and law enforcement agencies for rapid forensic analysis and reports (e.g., Houck &
Speaker, 2020), in addition to increasing forensic service requests for non-violent crimes in
an under-resourced and overtaxed forensic science environment (Jeanguenat & Dror, 2018;
National Academy of Sciences, 2009). However, it is acknowledged that backlog pressure is a
complex measure and can vary from one forensic organisation to another (National Institute of

Justice, 2019).

The findings show that more examiners strongly felt that their stress originated from the
workplace than arising due to personal reasons. It is, however, important to note that the
questions posed in the this study did not directly relate personal and workplace causes of stress
in one question so as to offer the opportunity for examiners to rate one type of stress factor directly
against the other. Further research on personal life stress is needed, as it has been suggested in
the published literature that stress from the personal life can affect the work-life balance, increase
work-life conflict, reduce job satisfaction and lower performance in the workplace (Burke, 1994;

Hall et al., 2010).
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3.2.3.2 Stress by Field and Experience

On average, forensic biologists, forensic chemists, and latent print examiners reported moderate
frequencies or levels of stress at the workplace (again, it is important to note that there were
individual differences even within the same forensic science field). Previous research targeting
specific forensic fields yielded inconsistent findings. For instance, forensic odontologists reported
low stress levels when attending mass casualty incidents, for reasons such as having sense
of achievement and obtaining invaluable professional experience (Webb et al., 2002), whereas
digital forensic examiners reported moderate levels of stress in undertaking their roles (e.g.,
examining child pornography (Holt & Blevins, 2011)). These previous studies were conducted
across laboratories, hence, it is not possible to attribute the different findings to the forensic fields,
because these differences may arise from other confounding factors, such as the general

workplace culture and environment in the laboratory.

The results from this study, within a single laboratory, allows for a better comparison across
forensic fields. These data indicate that high levels of stress from backlog pressure varies among
the three fields; specifically, more forensic biologists strongly felt stress from backlog pressure in
comparison to forensic chemists and latent print examiners. However, as previously mentioned,
backlog is a complex measure and has been shown to vary across forensic organisations — even
within the same field of expertise - and can change with time (National Institute of Justice, 2019).
The dynamic and complex nature of backlog pressure suggests that each forensic organisation
may be well advised to evaluate the way they communicate their own backlogs among the different
forensic fields, and how it can influence the well-being and performance of their forensic

examiners.

The findings also reveal that mid and late career examiners— i.e., over 5 years of experience— felt
more stress originating from management and/ or supervision and from backlogs in comparison
to early career examiners—i.e., under 5 years of experience (there were no interactions between
field of expertise and years-of-experience categories in all the stress questions). A previous study
suggested that examiners with more experience have more workload responsibilities, such as
having a supervisory role (Holt & Blevins, 2011), which may go some way towards offering insight

to this trend that was observed in this study.
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There are differences in the levels of workplace stress across occupations (Johnson et al., 2005).
There is insufficient understanding and data about stress in forensic science to enable a
meaningful comparison to other occupations. This study is one of the first to address workplace
stress from various forensic science fields (with statistical comparisons of examiners working in
primary fields, such as forensic biology and chemistry). In addition, since data were collected from
one laboratory, the data does not necessarily generalise to other forensic laboratories. However,
there are good reasons to believe that forensic science is a high stress occupation in comparison
to typical working environments (Jeanguenat & Dror, 2018; National Institute of Justice, 2019).
Working environment and organisational culture are human factors that impact forensic

decision-making (Dror, 2020a).

3.3 Part Two: Workplace Feedback

Feedback is a key component of the conceptual model of communication in forensic science
presented by Howes (2015). Additionally, feedback received by forensic examiners who perform
casework analysis and interpretation, is an important component of monitoring and improving
performance, and motivating and rewarding examiners for hard work (e.g., Choi et al., 2018).
Feedback can be explicit (messages that can be directly codified and articulated) (Ellis et al., 2006;
Morgan, 2017b), such as an immediate supervisor saying “well-done” to the examiner. Feedback
can also be implicit, meaning that messages are not direct and less codified (Ellis et al., 2006;
Morgan, 2017b). An example of implicit feedback would be the supervisor “smiling” to the
examiner, which can cause subjective interpretation and experiences of emotions (Soderkvist et

al., 2018).

Stress and pressure resulting from explicit and/ or implicit feedback can influence forensic
science judgments. In an earlier study, some fingerprint examiners reported that they were not
allowed or were discouraged from making inconclusive decisions when the latent mark and
known prints were of value and included a large area for comparison (Ulery et al., 2011).
Moreover, Kassin et al. (2013) discussed that a contributing factor of the misidentification in the
2004 Madrid train bombings was the increased ‘need for closure’ (i.e., the desire to provide clear-
cut judgments (Ask & Granhag, 2005)), which resulted in a subsequently established erroneous
identification of Mayfield. It is salient that an independent investigation report on this case stated

that the criteria for reaching an inconclusive result could lead to implicit pressures on an examiner
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to reach an identification when making a difficult comparison of marks, particularly when the

case was very serious (Office of the Inspector General, 2006).

Previous published research has started to look into the possible relationships between perceived
feedback and forensic expert decision-making (e.g., questions 8 and 9 in Kukucka et al. (2017)).
Yet its impact and scope are still largely unexplored. This current study assessed the explicit and
implicit feedback, as felt by the forensic examiners with the following key actors (see Figure 2-2):
forensic management and/ or supervisors (the forensic services domain), police investigators (the
investigative domain) and legal advocates (the legal domain). These have been identified as actors
that can impact decisions made during crime scene work, laboratory analysis, and/ or judicial
procedures (Julian & Kelty, 2015; Kelty et al., 2018; Murrie et al., 2013; National Academy of

Sciences, 2009).

Therefore, the second part of this current study sought to identify the level of explicit and implicit
feedback as felt by the forensic examiners, and whether the feedback varied by forensic science

field of expertise or years of experience.

3.3.1 Method

The same methodology was followed as outlined in Part One, with the only difference being the
inclusion of three questions on feedback. Specifically, the feedback questions addressed whether
forensic examiners received feedback about their work from stakeholders, such as from
management, supervisors, police investigators and/ or legal advocates (i.e., explicit feedback; see
question 5 in Figure 3-2). In addition, questions 6 and 7 asked whether the forensic examiners
felt that the stakeholders appreciated them more when they help to solve a case (such as when
finding a ‘match’ rather than ‘inconclusive’) and whether the examiners sometimes felt they know

what the stakeholders expect or want their conclusions to be (i.e., implicit feedback; Figure 3-2).

3.3.2 Results

3.3.2.1 Workplace Feedback

About half (49%, n = 71; M = 3.06, SD = 1.93) of forensic experts reported low scores for feeling
that management, supervisors, police investigators and/ or legal advocates appreciated it more

when they were helping to solve cases, and that sometimes they felt they knew what these
Page 66 of 211



stakeholders wanted or expected their conclusions to be (53%, n = 77; M = 2.75, SD = 1.77).
Nevertheless, some examiners, albeit a small minority, reported high scores for feeling such
feedback and expectations, 14%, n = 20, x2(1, N = 91) = 28.58, p < .001 and 8%, n = 11, x2(1, N =
88) = 49.50, p < .001, respectively. Examiners were equally divided (27%, n = 40, high scores vs.
28%, n = 42, low scores; p > .05) on whether they receive explicit feedback (M = 3.95, SD = 2.00;

see Figure 3-2).

Percentage (%)
0 10 20 30 40 50

5.1 get feedback about my work (e.g., from management,
supervisors, police investigators and/ or legal advocates

6.1 feel management, supervisors, police investigators
and/ or legal advocates appreciated it more when I
help to solve a case (e.g., when I find a 'match' rather
than 'inconclusive')

7. Sometimes I feel I know what management, supervisors,
police investigators and/ or legal advocates want or
expect my conclusion to be

m High score # Low score
Figure 3-2: Scores of explicit and implicit feedback. * p <0.05 for x2 of low vs. high.

3.3.2.2 Feedback by Field and Experience

On average, most forensic biologists (M = 4.49, SD = 2.06), forensic chemists (M = 3.77, SD =
2.00) and latent print examiners (M = 3.62, SD = 1.96) felt they received moderate explicit
feedback from their management, supervisors, police investigators and/ or legal advocates. Both
the explicit and implicit mean feedback levels did not significantly differ by field of expertise
(questions 5-7, p > .05). However, for the high scores of the explicit feedback question, more
forensic biologists (41%, n = 17) reported receiving feedback than latent print examiners (21%, n
= 8) and forensic chemists (20%, n = 7; approaching statistical significance, x2(2, N = 32) = 5.69,
p =.058).
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Question 7 on expected conclusions was the only feedback question that varied by experience
(approaching significance, F(3, 126) = 2.54, p = .060; see Table 3-1). There were no interactions
between the forensic science field and years of experience on the reported feedback levels

(univariate ANOVA for questions 5-7, p > .05).

3.3.3 Discussion

3.3.3.1 Explicit Feedback

Forensic examiners were divided on whether they receive low or high amounts of explicit feedback
about their work from the stakeholders they interact with. Additionally, on average, forensic
examiners reported receiving similar levels of explicit feedback across the investigated forensic
science fields and experience groups. However, more forensic biologists reported receiving high
levels of explicit feedback than the latent print examiners and forensic chemists did, whilst at the
same time, more forensic biologists reported experiencing high levels of stress from backlog
pressure than the other two fields of expertise (see Part One). The data, however, do not include
measures to inform an understanding of how such feedback impacts the well-being and the
performance of the forensic examiners. Therefore, in order to consider the explicit feedback
within the crime reconstruction process further, it will be important for future research to identify
what type and level of feedback is warranted (Almazrouei et al., 2019; Dror & Pierce, 2020;

Morgan et al., 2018).

3.3.3.2 Implicit Feedback

A few forensic examiners strongly felt that sometimes they knew what stakeholders wanted their
conclusions to be (question 7, 8%; see Figure 3-2). Despite being a low proportion, this finding on
implicit feedback is concerning because each forensic examiner is involved in casework analysis
and interpretation (Dror, 2018). The findings also show that a higher level of implicit feedback
was felt by late career (>20 group) in comparison to early career examiners (0-5 group), in terms
of what stakeholders wanted or expected their conclusions to be (see Table 3-1). This finding is
consistent with previous research, which found that 63.6% of forensic examiners agreed (i.e.,
slightly agreed, agreed and strongly agreed) that on occasions they know what conclusions they
are expected to find (Kukucka et al., 2017), and that forensic examiners can be pressured to extend

opinions beyond their scientific findings (Becker et al., 2005).
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To be clear, the aforementioned findings do not demonstrate that the examiners are in fact being
pressured by the stakeholders to reach expected conclusions. Rather, the data illustrate what the
examiners perceive and feel as implicit pressure. It is the perception and feeling of stress that
makes a situation stressful rather than there being an actual stress factor (Epel et al., 2018;
Lazarus & Folkman, 1984). It is important to consider the context within which decisions are
being made to ensure there is transparency in this process to mitigate conditions that exert

pressure on examiners to make ‘expected’ decisions.

The findings from this study demonstrate that some (question 6, 14%) forensic experts felt
strongly that stakeholders in the forensic services, investigative and legal domains appreciated it
more when they reported conclusions of high certainty (e.g., a clear-cut, match conclusion as
opposed to inconclusive). While this is a low percentage of the sample, this high implicit feedback
score is also concerning. It shows that some active casework scientists may feel an implicit
pressure to reach certain conclusions. As stated earlier, it is the ‘cognitive appraisal’ of the
individual to the situation that makes it pressurising (Epel et al., 2018; Lazarus & Folkman, 1984),
even in the absence of such pressures. It is of course important to note that these data cannot

indicate whether conclusions are being influenced by such implicit pressures.

3.4 General Discussion

Taking the stress and feedback findings together, many of the forensic examiners in this study
perceived that they operate under pressure, and that the level of pressure varies by field and
experience, during casework and reporting conclusions. The findings emphasise that one must
consider the operating environment that forensic examiners work in, and the importance of

managing the levels of workplace stress and feedback.

The insights from the data provide a valuable but limited insight into the possible relationships
between feedback, stress and forensic decision-making. This study clearly cannot identify and
characterise the relationships but indicates that this could be a fruitful avenue for future studies.
Additionally, as detailed earlier, human factors (such as stress and feedback) are interrelated and
affect one another (Du et al., 2018). Hence, it is possible that the questions addressing the feelings
of examiners regarding implicit feedback (i.e., questions 6 and 7) can be related to stress and/or

other human factors.

Page 69 of 211



The current study further contributes to the forensic science literature by synthesising relevant
stress and feedback literature from other domains. It offers a focused theoretical discussion, along
with empirical data, on how workplace stress and feedback can affect forensic science judgments
(whereas most of the previous research mainly focused on the relationship between stress and
well-being of forensic examiners (e.g., Burruss et al., 2018; Holt et al., 2017)). In addition, the
current study unpacks the notion of feedback, an under-researched but important human factor
in forensic science. It is hoped that this study will drive further research directed towards

workplace feedback and its potential effects on expert decision-making.

The published literature suggests that there can be individual differences in perceiving and coping
with stress (Epel et al., 2018; Lazarus & Folkman, 1984). This means that forensic examiners can
perceive and cope with stress and feedback differently, even among those examiners who work in
the same laboratory and forensic field, and have the same years of experience. The current data
accounts for inter-laboratory variations (Roux et al., 2021), as it has been collected from a single
laboratory. However, differences in individual stress perceptions and coping styles were not

investigated, and so should be considered in future research and also in practice.

It is important to note that self-reporting from a participant of how they feel about stress or
feedback can offer valuable and informative insights. However, individuals cannot accurately
describe the rationale of their decision-making, as this often involves unpacking complex
cognitive processes (Gardner et al., 2019; Nisbett & Wilson, 1977). It is possible, for example, that
the workplace stress felt by the forensic examiners is originating from personal reasons (Hall et
al., 2010), and it could have been difficult for participants to separate the workplace from personal
causes of stress. In addition, the responses of forensic examiners may have been affected by social
desirability bias (Chung & Monroe, 2003), in particular for the implicit feedback questions.
Although the current study included a large sample size of 150 practicing forensic examiners from
the same laboratory, it may not be representative to forensic laboratories worldwide. The reported
levels of stress and feedback may vary in other jurisdictions that have different working

environments and cultures.

3.5 Conclusion

This study surveyed active forensic examiners with different fields of expertise and years of
experience working within one laboratory. The examiners reported feeling varying levels of
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workplace stress, and levels of explicit and implicit feedback. More high levels of stress were
reported to originate from the workplace (specifically, stress from backlogs and pressure to do
many cases, and management and/or supervisors) than from stress derived from personal
reasons outside the workplace. More forensic biologists perceived high levels of backlog pressure
than latent print examiners and forensic chemists. Mid and late career examiners (i.e., over 5
years of experience) reported higher stress levels originating from management and/ or
supervision, as well as backlog pressure in comparison to early career examiners (i.e., less than 5

years of experience).

It was concerning that a few forensic examiners sometimes felt strongly that they knew what the
stakeholders in the forensic services, investigative and/ or legal domains expected or wanted their
conclusions to be, and that some forensic examiners also strongly felt that the same stakeholders
appreciated it more when they helped to solve a case (e.g., by finding a match as opposed to

inconclusive).

In a broader context, the creation of working environments that can address the negative impacts
of the types of stress examiners are exposed to will be valuable. It is also important to be aware of
the impact of both explicit and implicit feedback, and to develop practices that ensure the positive
assistance and timely explicit feedback. This may include preventive risk management measures
(Dror & Pierce, 2020), such as the evaluation of the how backlogs are measured and
communicated to forensic examiners across different fields of expertise. It is also important to
consider the context within which decisions are being made to ensure there is transparency in this

process to mitigate conditions that exert pressure on examiners to make ‘expected’ decisions.

To further address objective (a) of this thesis, a follow up study was conducted (Chapter 4) to
explore other stress factors (such as stress originating from crime scene work), the level of support
that forensic examiners experience, and whether experts think that they are influenced by stress

or not.
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Chapter 4 Workplace Stress and Support: The Perspective of
Forensic Experts (Study 2)

4.1 Introduction

Stress is not necessarily negative (Benson & Casey, 2013; Yerkes & Dodson, 1908) as stress, at
moderate levels, is recognised to be a motivating factor (Driskell et al., 2014). However, research
that assesses levels of support and the sources of workplace stress and their potential effects on
forensic examiners’ well-being and decision-making is still lacking (Jeanguenat & Dror, 2018;
National Institute of Justice, 2019). Such research efforts are needed to keep pace with other
professional domains, such as medicine (e.g., Arora et al., 2010; Zavala et al., 2018), terrorism
(Corner & Gill, 2019) and policing (e.g., Akinola & Mendes, 2012; Cullen et al., 1985). To date in
the forensic science published literature there have been very few studies that have considered
organisational factors and their implications for decision-making in casework across different

forensic science fields and career stages (Almazrouei et al., 2020; Holt et al., 2017).

Constructive relationships and adequate support are primary factors associated with stress (or
lack thereof) among criminal justice employees in general (Cullen et al., 1985; Holt et al., 2017;
Johnson et al, 2005). Forensicexaminersinteract and develop relationships
with multiple stakeholders, some external to their workplace, such as investigators and lawyers,
and some within their workplace (e.g., managers and supervisors (Almazrouei et al., 2019; Dror
& Pierce, 2020)). Communications between examiners and top-level management and immediate
supervisors occur for various reasons, such as to manage caseload, review cases, verify
conclusions or reach resolutions in disputed conclusions (Mustonen et al., 2015). These
interactions can be a source of stress but can also be supportive and reduce stress. For example,
it has been identified that the higher the level of perceived management and supervisory support,

the lower the level of workplace stress (Holt et al., 2017).

This chapter develops the findings from Chapter 3 by identifying the perceived sources of
workplace stress, along with considerations of whether examiners receive support from
management, and whether examiners believed the stress they experienced affected their

judgements.
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4.2 Method

4.2.1 The Questionnaire

A questionnaire was designed to record the feelings experienced by forensic examiners regarding
workplace stress and support, in a similar manner to previous studies addressing the perceptions
of workplace stress (e.g., Burruss et al., 2018; Holt et al., 2017; Holt & Blevins, 2011). The
questionnaire contained 10 questions about the sources of stress (questions 1—3, 6—10) and about
support from management (questions 5 and 6). These questions required the examiners to rank

their responses on a seven-point Likert-type scale.

An additional question was included that linked stress to the decision-making of forensic
examiners: ‘In your opinion, are your own judgements influenced by stress?’ For this question,
examiners could answer ‘yes’, ‘no’ or ‘don’t know’. This is the same question asked by Kukucka et
al. (2017), but the term cognitive bias was replaced by stress. The examiners were also asked to
provide demographic information about their field of expertise, sex, years of experience and

whether they were active in casework or retired.

4.2.2 Participants

In total, 41 forensic examiners from two forensic laboratories participated in this study. The mean
years of experience for the forensic examiners was 14.4 (SD = 8.2; range = 2 to 31). The experience
of participants was categorised in groups of comparable sizes (see Table 4-1). Forensic examiners
reported that they worked within 11 primary fields of expertise. For the analysis by field, the
reported fields were categorised into one of two broad categories: crime scene examination (n =
11, 27%) or analytical (n = 19, 46%, i.e. fields that primarily have analytical casework within the
forensic laboratory, which include document examination, firearms examination, DNA,
fingerprint examination and chemical criminalistics). A few (n = 3, 7%) forensic examiners did
not report their field or reported that their primary field did not fall into any of the two broad field
categories (n = 8, 20%), and so these examiners were not included in the analysis by field of
expertise (see Table 4-1). Both descriptive and inferential statistics were applied to measure the
reported stress and support levels. Unless otherwise clarified, the assumptions for the statistical

tests used were assessed and fully met.
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Table 4-1: Demographical information of participants.

n Valid%
Work Status
Active 38 93
Retired 0] 0]
Did not report 3 7
Sex
Male 18 44
Female 22 54
Did not report 1 2
Years of Experience*
1-6 7 17
7—10 7 17
11-15 8 20
16-20 7 17
>20 8 20
Did not report 4 10
Field of Expertise*
Crime scene examination 11 27
Document examination™ 3 7
Firearms examinationt 3 7
DNAT 4 10
Fingerprint examinationt 8 20
Chemical criminalisticst 1 2
Facial recognition# 3 7
Forensic medicine* 1 2
Fire investigation# 2 5
Digital investigation* 1 2
Imaging#* 1 2
Did not report 3 7

*The percentages do not add to exactly 100% due to rounding.
t Analytical examiners.
* primary field do not fall into any of the two broad field categories.

4.3 Results

4.3.1 Workplace Stress and Support

The mean response to each question addressing the feelings of stress encountered or support
provided in the workplace is shown in Table 4-2. Figure 4-1 illustrates the reported feelings of
stress and the support the forensic examiners received. The widest variations were observed in
the feelings respondents had in terms of management support, (questions 4 and 5), where 50% of
the data were between scores 2 and 5, with additional responses ranging from the extreme low

score of 1 to the extreme high score of 7.
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When converting the whole data set (n = 402) into standardised z-scores, 13 data entries (3.2%)
had absolute z-scores between 1.96 and 3.29 (no absolute z-scores were above 3.29). The obtained
z-score percentages were lower than the suggested cut-offs, as outlined by Field (2018; see Table
4-3 for details). Hence, no further statistical treatment, such as exclusion of outliers, was required
(Field, 2018).

Table 4-2: Means and standard deviations for the 10 questions on workplace stress and support.

Question M (SD)

1. How often do you feel generally stressed? 3.61 (1.26)
2. How often do you feel stressed at work? 3.85(1.39)
3. How often do you feel stressed because of management/supervisors? 3.95 (1.47)
4. Do you feel that your management is concerned with your wellbeing? 3.85 (1.81)
5. Do you receive support from your management? 3.98 (1.86)
6. How gften do you feel stressed from backlogs and the need to do many 3.43 (1.55)

cases?

7. Was the source of stress related to the nature of cases (e.g. terrorism, murder, 1.87(1.11)
rape)

8. Was the source of stress related to high-profile cases (i.e. media coverage) 1.97 (1.31)
9. Was the source of stress related to the circumstances at your work (e.g. 2.88 (1.70)
pressure exerted by investigators/prosecution, competition with colleagues)?

10. Was the source of stress related to personal reasons? 2.70 (1.29)
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Figure 4-1: A box plot for questions 1—10 on workplace stress and support.
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Histograms and Q-Q plots were assessed to confirm that the data were normally distributed for
each of the 10 questions, which was the case for all questions except for questions 7, 8 and 9
(where the data were skewed). Hence, non-parametric tests (e.g., Mann-Whitney U) were used in

the analysis of these three questions.

In a manner akin to Yoo et al. (2013), a stepwise multiple regression analysis was run to develop
a model that predicted the general stress (question 1) of forensic examiners. Specifically,
backward stepwise regression was chosen for this analysis because it provided a regression model
with only the significant predictors (the insignificant predictors are removed from the model
without having a substantial effect on how well the data fit the model) and because it is more
preferable than forward regression (Field, 2018). Of all the predictors (questions 2—10), only
workplace stress (question 2, B = 0.714, SEg = 0.076, B = 0.786, p < 0.001) and personal stress
(question 10, B = 0.303, SEz= 0.083, B = 0.305, p = 0.001) were statistically significant predictors
of general stress in the model, F(2, 37) = 54.203, p < 0.001, adj. R2= 0.732 (see Figure 4-2).
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Table 4-3: Percentages of standardised z-scores to objectively assess for outliers.

Absolute z-scores % cut-offs (Field, 2018) Current study (%)
Greater than 1.96 =5% 3.2%

Greater than 2.58 = 1% 0.7%

Greater than 3.29 0% 0%

Given that in the first model workplace stress was a stronger predictor of general stress than stress
due to personal reasons (f of 0.786 vs. 0.305, respectively), another series of backward stepwise
regressions was run to develop a second model to predict workplace stress (thereby excluding
personal reasons (question 10) and general stress (question 1) as predictors in this second model).
Stress from case backlogs and the need to do many cases (question 6, B = 0.431, SEz= 0.107, p <
0.001) and stress from managers or supervisors (question 3, B = 0.407, SEg= 0.120, p = 0.002)
were the only significant predictors in model 2, F(2, 35) = 21.262, p < 0.001, adj. R2= 0.523. The
two stress factors were of comparable strength in predicting workplace stress (i.e.  of 0.488 vs.

0.412, respectively; see Figure 4-2).

Pearson correlations were conducted to test the relationships of management support (questions
4 and 5) with stress from the workplace (question 2) and with stress from managers or supervisors
(question 3). No statistically significant relationships were found between management support

and either workplace stress or stress from management/supervisors, p > 0.05.

4.3.2 Effects of Field, Sex and Experience

Two-tailed t-tests were applied to determine if there were differences in stress and support levels
between participants within each field category and between male and female examiners. The
Mann-Whitney U test was used for questions 7, 8 and 9. Crime scene examiners (mean rank =
21.05) reported feeling significantly more stressed than analytical examiners (mean rank = 11.31)

as a result of the nature of the cases that they were dealing with (question 7; U = 32.50, z = -3.27,
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p = 0.002, r2 = 0.37). Similarly, the score for personal reasons as a reported source of stress
(question 10, approaching significance; t(30) = -1.98, p = 0.057, d = -0.75, 95% CI[-1.84, 0.03])
was higher for crime scene examiners (M = 3.27, SD = 1.27) compared with analytical examiners
(M = 2.37, SD = 1.17; see Figure 4-2). The responses to the remaining questions did not

significantly vary by field of expertise (i.e., all at p > 0.05).

Female forensic examiners reported feeling more stressed in general (question 1, M = 4.27, SD =
1.08; t(40) = 4.26, p < 0.001, d = 1.36, 95% CI[-0.76, 2.12]) and at the workplace (question 2, M
= 4.45,SD =1.10; t(40) = 3.12, p = 0.003, d = 0.99, 95% CI[0.43, 2.03]) relative to male examiners
(M = 2.83, SD = 1.04 and M = 3.22, SD = 1.40, respectively). However, the sources of stress
(questions 3 and 6—10) and view of management support (questions 4 and 5) did not significantly

differ between female and male examiners (i.e., p > 0.05).

A one-way ANOVA was conducted to determine if the perceived levels of stress and support were
different for the different years of experience groups. A Kruskal-Willis H test and post hoc analysis
(with the Bonferroni correction for multiple comparisons) were used for questions 7, 8 and 9.
When reported stress levels varied significantly across experience groups, it was due to
circumstances at work (question 9, x2(4) = 14.16, p = 0.007, ng2 = 0.32) or personal reasons
(question 10, F(4, 32) = 2.81, p = 0.042, 1p2 = 0.26). The reported stress levels resulting from
workplace circumstances were higher for 11—15 years of experience (mean rank = 29.69) than for
7—10 years of experience (mean rank = 10.14), with an adjusted p = 0.004. No statistically
significant variations were found among the experience groups for reported stress from personal
reasons (p > 0.05, post hoc [Bonferroni]). Univariate analysis of variance showed no significant

interactions between field, sex and experience for any of the 10 questions, p > 0.05.

4.3.3 Stress and Decision-Making

Forensic examiners were divided on whether they thought their judgements were influenced by
stress; 39% (n = 16) answered ‘yes’ to this question, while 22% (n = 9) answered ‘no’, and the rest
of examiners (39%, n = 16) were unsure. Responses did not vary significantly by field (p = 1.000,
Fisher’s exact test), sex (p = 0.722, Fisher’s exact test) or experience (p = 0.517, Fisher’s exact
test).
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Figure 4-2: A summary of the results showing the significant findings at an alpha level
of 0.05. Regression models 1 and 2 (Adjusted R2; standardised B); stress by field of
expertise (orange box; CSI = crime scene investigation field; Ana = analytical field;
Cohen’s d; Mann-Whitney U r2); stress by sex (green box; F = female; M = male); and
stress by experience (light blue box; one-way ANOVA n;2; Kruskal-Willis H ng2).
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4.4 Discussion

4.4.1 Workplace Stress and Support

Forensic examiners reported a range of feelings of stress and views of support levels (low to high
scores in all the questions; see Figure 4-1). On average, examiners reported feeling a moderate
level of stress in general (question 1) and at the workplace (question 2). Findings in the published
literature have suggested that the wellbeing and performance of an individual is optimum at
moderate stress levels and deteriorates at either high or low stress levels (Benson & Casey, 2013;
Yerkes & Dodson, 1908). It should be noted that questions 1, 2, 3 and 6 included the term ‘often’
which relates to the frequency of stress, but the responses can also reflect the level of stress.
Hence, it can be considered reasonable to assume that examiners who are stressed more

frequently also feel higher stress levels (Almazrouei et al., 2020; Epel et al., 2018).

Stress deriving from workplace and personal factors were significant predictors of the reported
general stress of forensic examiners. The first regression model, containing these two factors
alone, accounts for 73.2% of the variability in the general stress of examiners (see Figure 4-2).
Additionally, reported stress from the workplace was 2.5 times stronger than personal reasons as
a predictor of general stress. This finding suggests the workplace environment and culture where

forensic examiners operate is an important factor in the general wellbeing of forensic examiners.

Female examiners reported feeling more stressed than male examiners from both general stress
and workplace stress. Previous research reported women can experience higher stress levels than
men at the workplace for reasons such as having additional family responsibilities outside the
workplace (Sharma et al., 2016) and differences in coping styles (Matud, 2004). However, the
data of this current study did not identify the specific sources of stress that influence female
examiners differently to male examiners (i.e., p > 0.05 for questions 3, 6—10). Therefore, future

research could usefully investigate the variability of causes of perceived stress.

Given the importance of understanding the contributing factors to workplace stress, a second
regression was run. Model 2 identified management and case backlog as factors that were
significant predictors of perceived stress, accounting for 52.3% of the variability of perceived
workplace stress. These two factors were also found to contribute more to the high stress levels

felt by forensic examiners than personal reasons (Almazrouei et al., 2020). This is unsurprising
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given that stress caused by mangers/ supervisors and case backlogs are common organisational-
level sources of stress that are documented in other domains outside forensic science (Cooper &

Marshall, 1976; Jeanguenat & Dror, 2018).

Stress that arises from outside the work environment, such as from personal reasons, can affect
performance at the workplace and vice versa (Bell et al., 2012; Sok et al., 2014). In this study,
perceived stress as a result of personal factors (such as financial and family issues) was a
significant predictor of feelings of general stress, and crime scene examiners reported higher
stress levels from personal reasons (albeit, approaching significance) compared with analytical
examiners (see Figure 4-2). Previous research found that shift work was a major source of stress
to crime scene examiners, as it impacts their inability to make plans and keep commitments in
their personal life (Kelty & Gordon, 2015). In addition, stress from personal reasons varied with
years of experience; however, it should be emphasised that the number of years of experience that
a forensic examiner has, can also be correlated to age (e.g., Patterson, 2003), which also correlates
to other variables. Hence, it is not possible to attribute the findings to experience per se as it may

be due to a correlation to other factors rather than causation.

Neither the nature of cases nor working in high-profile cases were reported to be major sources
of stress (see low mean scores in questions 7 and 8, Table 4-2). Field-specific differences were
found in reported levels of stress from the nature of cases, such as working at murder scenes,
where crime scene examiners felt more stressed than analytical examiners. Typically, analytical
examiners are not exposed to stress elements from a crime scene, such as bloody scenes
(Jeanguenat & Dror, 2018), or stress from managing critical decisions at a crime scene under time
pressure (Helsloot & Groenendaal, 2011). These differences in working environments and tasks
may provide insights into why crime scene examiners reported feeling more stressed than

analytical examiners working on the same type of case.

Similarly, stress from circumstances at work, such as feeling pressure from investigators or
prosecutors or enduring competition from colleagues, was relatively low (question 9). Post hoc
analysis revealed differences between the years of experience groups. Examiners in the 11-15
years of experience group felt more pressure as a result of circumstances at work than examiners

in the 7-10 years of experience groups. This may be a result of the differences in roles and
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responsibilities for examiners who have more experience, or related to other correlated factors,

such as age (see above).

Relationships in the workplace, including managerial and supervisory support, can be important
factors related with stress (Cullen et al., 1985; Holt et al., 2017; Johnson et al., 2005). In this study,
on average, forensic examiners reported feeling that their management was moderately
concerned with their wellbeing and that they received moderate support from management (see
Table 4-2). Management support (questions 4 and 5) was not a significant predictor of either the
general stress (question 1) or workplace stress (question 2) reported by forensic examiners. Also,
the correlation between the findings from these four questions were insignificant. In contrast, a
previously published study found management and supervisory support were significant
predictors of reduced stress and increased job satisfaction (Holt et al., 2017). The different

findings may be due to different working environments in different laboratories.

4.4.2 Stress and Decision-Making

Examiners were divided as to whether stress affected their judgments. Some forensic examiners
(39%) felt that stress affected their judgements. To enable clear and transparent forensic science
judgments, it has been argued that having a decision-making environment that manages the risks
of stress (National Institute of Justice, 2019) and uncertainties (Georgiou et al., 2020; Morgan et
al., 2018; see also Dror and Pierce (2020) for quality control and risk management) is important.
However, the findings from this study are derived from self-reporting responses, and such
responses are outputs of highly complex cognitive information and processing (Gardner et al.,
2019; Nisbett & Wilson, 1977). A perception that stress may have influenced a judgement does
not necessarily mean the decisions and conclusions made have been influenced by a single

stressor or combination of stressors (Almazrouei et al., 2020).

It is worthy of note that extensive empirical research from other domains indicates that stress
influences expert decision-making (Akinola & Mendes, 2012; Arora et al., 2010; Corner & Gill,
2019; Gok & Atsan, 2016; Yu et al., 2015). However, in this study, some examiners in the forensic
services domain (22%) said that stress did not bias their own judgements. Different explanations
may exist for this finding. It could mean examiners do not think their judgements are influenced
at all — with or without stress. Such a bias blind spot has been identified when an expert does not
believe context (including bias from stress) affects their own decision-making and conclusions,
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but that it can affect others (Kukucka et al., 2017; Page et al., 2012). Alternatively, this finding
could indicate that stress does not affect the decisions of examiners perhaps due to examiners
being more attentive when stressed. This would be a fruitful area for further research that
addresses the multivariate complexity of the impact of stress on decisions within crime

reconstructions.

The findings of this study provide insights into the sources of stress for forensic examiners, their
feelings on the support they receive in the workplace, and their perceptions of whether stress
affects their judgements. However, it is important to consider the findings in this study with
caution, due to limited statistical power from the relatively small sample size of forensic experts.
In addition, it is important to note that this study includes data from more than one laboratory
which may have potentially introduced confounding factors. This is because each has its own
working culture and work practices (such as case backlogs and managerial support), and also due

to the variations in the demographics of expert participants recruited from each lab.

4.5 Conclusion

This study surveyed forensic examiners working in different fields of forensic expertise and with
different years of experience on their feelings of stress and support in the workplace. On average,
examiners reported feeling moderate stress levels. Workplace and personal stress factors were
significant predictors of general stress. Stress from management and/ or supervisors and case
backlogs were significant predictors of workplace stress. Management support was not a

significant predictor and was not associated with either general stress or workplace stress.

Feelings of stress that arise as a result of the type of case, from working in high-profile cases, and
from circumstances at work (such as enduring pressure by investigators or prosecutors) was
relatively low (mean scores of these stress factors were below 3 (out of 7)). Crime scene examiners
reported feeling higher stress than analytical examiners from personal reasons and from the
nature of cases they were involved with. Male examiners reported feeling less stressed than female
examiners from both general stressors and workplace stressors. Examiners within the 7-10 years
of experience group reported feeling less stress due to circumstances at work than those within

the 11-15 years of experience group at work.

Page 83 of 211



Going forward, gaining a greater understanding of the positive and negative impacts of stress, and
the feelings examiners experience of stress in the workplace will be highly valuable for the
development of a working culture that addresses the negative impacts of stress on forensic science

examiners and their judgements.

In this study, examiners were divided by their opinion on whether stress affected their
judgements. There are different plausible explanations for this, but it is evident that the impact of
stress on forensic science decision-making should be explored further. An experimental approach
offers a more objective assessment of the possible impact of stress on forensic science judgments,
compared with self-reported data as in Chapter 4. Hence, Chapters 5 and 6 present data that was
collected to address this, thereby contributing to objective (b) of the thesis. A new stress-inducing
method was developed and presented in Chapter 5. Then, the possible impact of this stressor on

a forensic science task was explored in Chapter 6.
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Chapter 5 A Method to Induce Stress in Human Subjects in
Online Research (Study 3)

5.1 Introduction

Generating stress in human subjects for research can be a challenging task (Ferreira, 2019). This
is because, on the one hand, the experimental design needs to effectively generate stress but, on
the other hand, avoid long-term effects on the participants (Ferreira, 2019). Adding to this
challenge is the variability in how individuals perceive and react to the same stress factor (Epel et

al., 2018; Lazarus & Folkman, 1984).

It has been observed that using only participants that can attend and participate in a study in
person can have an impact on the diversity of the participant sample (Upadhyay & Lipkovich,
2020). Added to this, the value of being able to carry out online experiments has been highlighted
particularly during the coronavirus pandemic (Wigginton et al., 2020) when much of the face-to-
face research involving human subjects was paused worldwide. There has therefore been growing
recognition of the value of creating opportunities for studies to be delivered online rather than

face-to-face, including stress-inducing studies (Kirschbaum, 2021).

A meta-analysis of 208 laboratory-based stress studies found that the combination of social—
evaluative threats (when one is judged negatively by others, such as receiving negative feedback)
and uncontrollability (when nothing can be done to avoid negative consequences or change a
situation, such as having a time limit for completing a task) were the stress factors that produce
the greatest stress response in human subjects (Dickerson & Kemeny, 2004). Therefore, methods
that combine social—evaluative threats and uncontrollability elements, such as the Trier Social
Stress Test (TSST; Kirschbaum et al.,, 1993), considered the “gold standard” for inducing
experimental stress in human subjects (Allen et al., 2017; Le et al., 2020), have potential for

effectively inducing stress in an online setting.

Several studies have been conducted to try and validate online versions of TSST, delivered through
virtual reality tools (e.g., Zimmer et al., 2019), and more recently delivered by video conferencing
online (Eagle et al., 2021; Gunnar et al., 2021; Harvie et al., 2021). However, some of these

internet-delivered studies did not include a control group (Eagle et al., 2021; Gunnar et al., 2021),
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which limits the opportunity to understand and interpret the outcomes of the stress manipulation,
for example, by not accounting for potential additional psychological stress as a result of video
conferencing (Riedl, 2022). One study included a control group (Harvie et al., 2021), but required
the (virtual) presence of at least three experimenters (i.e., the researcher and two panellists) in
each video conferencing session, which limits online stress studies to live tasks in which the

presence of the researchers is required nevertheless (virtually rather than in-person).

Therefore, in this study, alternative stressors were considered that combine social—evaluative
threats and uncontrollability yet were still feasibly operationalised in an internet-delivered
environment without the need of the researchers to be present. One such stressor is the Trier
Mental Challenge Test Stress Protocol originally developed by Kirschbaum et al. (1991)—referred
to here as the ‘Mental Challenge Test’. In the Mental Challenge Test, participants are asked
through programmed software to answer a number of arithmetic questions without a calculator
under a time limit and receive feedback, such as “wrong” for incorrect answers (Kirschbaum et
al., 1991). The studies that utilised the Mental Challenge Test were computer-assisted, yet, to date
they have been conducted in the presence of the researchers (Allendorfer et al., 2014, 2019;

Dedovic et al., 2005; Kirschbaum et al., 1991).

This study presents a method that has been developed for inducing stress in an online setting,
without the presence of researchers (either in-person or virtually). This method may enable
advancements in stress research, by accessing large number of international participants rapidly
and in a cost-effective manner. In this method, participants were asked to answer a number of
general knowledge and mathematical questions selected specifically for this study under stress
conditions of social evaluative threats (such as displaying negative feedback) and uncontrollability

(such as imposing time limits).

5.2 Method

5.2.1 Participants

Data were collected from 120 participants through the Prolific platform in a single session. Two
participants in the stress group withdrew their data and were excluded from analysis. The final
sample consisted of 118 participants, of whom N = 66, 56% were in the control group and N = 52,

44% in the stress group (see Table 5-1). Thirteen participants dropped out (n = 11 from the stress
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group and n = 2 from the control group). A drop-out is counted when a participant starts

answering the mathematical and general knowledge questions then drops out by exiting the study.

Table 5-1: Demographical information of participants.

Mean (SD) Range
Age 33.3 (7.0) 25-59
n Valid%
Sex
Male 58 49.2
Female 60 50.8
Highest Degree Completed
High school diploma/ A-levels or equivalent 18 15.3
Technical/ community college 9 7.6
Undergraduate degree (BA/BSc/Other) 46 39.0
Graduate degree (MA/MSc/MPhil/Other) 37 31.4
Doctorate degree (PhD/Other) 6 5.1
Other* 2 1.7

*The two participants reported PGCE (postgraduate certificate in education) as their highest
completed education. Their data were coded within the ‘graduate degree’ holders, since PGCE
is an advanced education after the bachelor’s degree.

5.2.2 Stress Procedure

Participants signed the consent form and were then given instructions about the exercise (see
Figure 5-1). The consent form and instructions were carefully written to offer fully informed
consent, but without revealing the specific aim of the study (i.e., inducing stress to participants).
Then, participants were randomly allocated into either the stress or the control group through
Qualtrics. The stress group were shown a warning message that performance was being
monitored. They were then asked to answer a block of eight random mathematical/general
knowledge questions with time limits and with feedback given (i.e., Stress Block A; see Appendices
B-1, B-2 and B-3 for further details on the feedback messages and mathematical/general
knowledge questions). If a participant answered a question incorrectly, a “WRONG!” message in
red would appear immediately on the screen. Conversely, a neutral “OK” message appeared in
grey if a question was answered correctly. If the time allocated to the question ran out, a “TIME

OUT!” message appeared in red.
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At the end of the mathematical/general knowledge question block, either a neutral message or a
negative message was given to participants, depending on their performance (compared to a
preset criterion score of three correct answers). If the participant scored three correct answers or
lower in this block, then a negative message would appear explicitly comparing the individual
score with those of other participants. This had the potential to further increase the social
evaluative threat component of stress (Dickerson & Kemeny, 2004; Kirschbaum et al., 1991). If
the participant scored four or more questions correctly in this block, a neutral message would
appear that had no reference to individual or group performance. This approach was repeated in
two more blocks (i.e., Stress Blocks B and C). The control group was asked to complete a
comparable number and genre of questions but without feedback or a time limit. Questions were
randomised through Qualtrics. To prevent and detect cheating or random responses, a range of
quality assurance measures were included, such as adding a commitment statement, including a

tool to detect potential bot responses and attention check questions (see Appendix B-1).

After three blocks of mathematical/ general knowledge questions, the participants were asked to
complete the state anxiety scale (Spielberger et al., 1983) and a visual analogue scale on stress,
referred to as ‘VAS-stress’ scale from here onwards. Next, participants were asked to provide their
demographic information of age, sex and their highest level of education. Participants were then
asked to complete the trait anxiety scale (Spielberger et al., 1983). At the end of the experiment,
participants were debriefed that this study specifically aimed to induce momentary stress. In the
debrief, participants were given the opportunity to withdraw their data without giving a reason
and without it affecting the rights and benefits (such as payment) to which they were entitled, or

it having any negative repercussions for them.

Stress @ %
Consent and — Demographical

Instructions Math and General Information

Debrief

>

Knowledge Questions State anxiety VAS-Stress Trait anxiety

Control @;% l

Figure 5-1: Graphic timeline of the experimental procedure.
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5.2.3 Stress Manipulation Check

The effectiveness of the stress manipulation was assessed using two self-reported measures. First,
to capture the situational anxiety levels of participants (i.e., the anxiety feelings in the present
moment; see Appendix B-4), the state scale of the State—Trait Anxiety Inventory (STAI) was used
(Spielberger et al., 1983). This state anxiety scale is a validated and commonly used measure for
various stress manipulations (Arora et al., 2010; LeBlanc et al., 2005; Spielberger et al., 1983;
Tanida et al., 2007). The scale consists of 20 statements (e.g., I feel nervous) for which users
indicate their degree of agreement on a 4-point scale, in regard to how they feel ‘right now’ (score
range is from 20 to 80 (Spielberger et al., 1983)). Second, following the approach of Le et al.
(2020), participants were asked to report their stress levels on a VAS-stress, retrospectively:
“Looking back, how stressed did you feel throughout answering the mathematical and general
knowledge questions?” The participants rated their feelings from 0% (not stressed at all) to 100%

(extremely stressed).

5.2.4 Trait Anxiety

Participants were also asked to complete the STAI trait anxiety scale (Spielberger et al., 1983; see
Appendix B-5) to ensure that the background anxiety levels of participants do not confound the
reported state anxiety or VAS-stress levels. The trait scale consists of 20 statements that measure
how people ‘generally’ feel (score range from 20 to 80). The STAI manual recommends placing
the trait anxiety scale, after the state anxiety scale if both scales are administered together,
because the former measures a more stable anxiety construct that should not be affected with
situational stress (Spielberger et al., 1983). Accordingly, the trait anxiety scale was placed at the

end of the experiment.

5.3 Results

5.3.1 Overall Stress and Trait Anxiety

The mean stress levels, as measured by the state anxiety scale, was significantly higher for the
stress group (M = 48.89, SD = 13.01) than for the control group (M = 34.35, SD = 10.66), M = -
14.54, 95%CI [-18.85, -10.22], t(116) = -6.67, p < .001, Cohen’s d = -1.24. In addition, participants
in the stress group (M = 73.17, SD = 24.01) reported higher VAS-stress ratings than the control
group (M = 30.55, SD = 22.90). This was also a statistically significant difference, M = -42.63,

95%CI [-51.22, -34.04], t(116) = -9.83, p < .001, d = -1.82. On average, the stress (M = 45.79, SD
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= 11.30) and non-stress groups (M = 41.58, SD = 12.37) were comparable in terms of their
background stress (i.e., trait anxiety levels), M = -4.21, 95%CI [-8.59, 0.16], t(116) = -1.91, p =
.059, d = -.35.

5.3.2 Trait anxiety as a Stress Moderator

Two linear regression models were run to investigate whether the trait anxiety or the
demographical variables (i.e., age, sex and education) moderated the reported state anxiety or
VAS-stress scores. In both models, the trait anxiety was the only factor (p < .001) that moderated
the dependent variables. In addition, trait anxiety was significantly correlated with both state

anxiety (r(118) = .55, p < .001) and VAS-stress scale ((118) = .33, p < .001).

Hence, it was necessary to account for trait anxiety, as a background stress, to further understand
the effectiveness of the online stressor presented here. To do so, participants were divided into
three homogenous groups in terms of reported trait anxiety levels: low, moderate and high anxiety
(this approach is similar to Horikawa and Yagi (2012)). The high anxiety group (N = 35; n = 15in
the control condition and n = 20 in the stress condition) were those whose trait scores were 0.5
SD above the mean trait score of 43.43 (SD = 12.04). Conversely, the low anxiety group (IV = 40;
n = 27 in the control condition and n = 13 in the stress condition) were those whose trait scores
were 0.5 SD below the mean trait score. The rest of participants (IV = 43; n = 24 in the control

condition and n = 19 in the stress condition) were classified to have moderate trait anxiety levels.

The state anxiety levels varied significantly between the stress and control conditions, in the low
anxiety group (M = -16.00, 95%CI [-25.77, -6.23], Welch’s #(13.57) = -3.52, p = .004, d = -1.19)
and moderate anxiety group (M = -12.82, 95%CI [-17.75, -7.90], t(41) = -5.26, p < .001, d = -1.61),
but not in the high anxiety group (M = -7.20, 95%CI [-15.43, 1.03], t(33) = -1.78, p = .084, d = -
0.61; Figure 5-2). However, when comparing the VAS-stress scores, there were statistical
significant differences in all the three anxiety groups (low anxiety: M = -35.24, 95%CI [-54.00, -
16.49], t(38) = -3.80, p = .001, d = -1.28; moderate anxiety: M = -44.21, 95%CI [-56.30, -32.13],
t(41) = -7.39, p < .001, d = -2.27; high anxiety: M = -39.87, 95%CI [-54.77, -24.96], Welch’s
t(21.48) = -5.55, p < .001, d = -1.90). Note that Welch’s t-test is used when the assumption of

homogeneity of variances has been violated, as assessed by Levene’s test for equality of variances.
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5.3.3 Performance on Stress Blocks

The majority (67.3-88.5%) of participants in the stress group scored 3 correct responses or less in
stress blocks A, B and C. This means that those participants received negative feedback after
completing those blocks of questions. One participant was able to score 7 of 8 questions correctly

in Block C, and no one scored 8 of 8 questions correctly (see Table 5-2).

Table 5-2: Frequency and cumulative percentages of correct responses in Stress Blocks A to C.

Correct Response Stress Block A Stress Block B Stress Block C
N N % N % N %

(o} 10 19.2 7 13.5 5 9.6

1 21 59.6 19 50.0 5 19.2
2 10 78. 10 69.2 13 44.2
3 4 86.5 10 88.5 12 67.3
4 3 92.3 5 08.1 7 80.8
5 2 96.2 1 100 6 92.3
6 2 100 0 100 3 98.1
7 o) 100 o) 100 1 100
8 0 100 0 100 0 100
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Figure 5-2: Mean state anxiety (top) and VAS-stress scores (bottom) for low, moderate and

high trait anxiety participant groups. Error bars reflect 95% confidence intervals.
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5.4 Discussion

The stress manipulation was found to be effective in the sample who participated in this study.
The state anxiety and VAS-stress scores were significantly higher for the stress group than the
control group, with and without accounting for trait anxiety as a moderator. The exception was
the state anxiety levels in the high trait anxiety group. Here, the state anxiety levels in the stress
condition were still higher than the non-stress condition, although the difference was not
statistically significant. One possible explanation is that the online stress method was not effective
enough to induce momentary stress to already highly anxious participants —a clear sign of a ceiling
effect.

Directly comparing the findings of this study with published studies on stress-inducing methods
can be limited (Narvaez Linares et al., 2020), especially that the online stressors are by their very
nature less powerful than classical in-person stress tasks. Variations of TSST in previous research
were able to cause elevations in state anxiety and VAS-stress levels comparable to the current
stressor, but with smaller sample sizes. For instance, Guez et al. (2016) and Le et al. (2020)
reported large effect sizes of their stressors on state anxiety (n2, = 0.23, N = 46) and VAS on stress
(d = 1.74, N = 76), respectively. This difference in magnitude is likely to be due to a number of
factors that may include the absence of researchers during the stress inducing period. Notably,
however, findings of the current study appear to be more in line with the impact of established
stressors that had minimal interactions of investigators during the stress manipulation (Dedovic

et al., 2005; see Discussion in p. 325).

The stress stimuli selected for this study appear to be challenging since most participants scored
3 or less questions correctly. Thus, the selected stress stimuli made it possible to give negative and
potentially stressful feedback to participants in all three stress blocks. It may also be inferred from
the data that engagement of some participants in answering the questions in the stress blocks may
have been sustained (e.g., some participants were able to score four, five, six or even seven
questions correctly in a block, all of which were above the pre-set criterion score of three (see
Table 5-2). However, the possibility that this procedure might lead to reduced engagement in
some participants cannot be ruled out. Future studies should incorporate a consideration of
whether low engagement/motivation might influence scores if, for example, a cognitive task was

used after the stress induction.
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The higher drop-out rate in the stress condition compared with the control condition could be due
to a number of factors, namely the stress manipulation effectively causing stress and thus reduced
motivation to complete the difficult tasks. The drop-out rate in this study appears to be higher
than other validated stress methods. For instance, in a recent TSST method that was delivered by
Zoom, one of 72 participants discontinued the study during the stress period (although it is worth
noting that a total of 31 participants dropped out by the end of the experiment for other reasons,

such as not showing up in scheduled sessions (Eagle et al., 2021)).

Participants recruited through crowdsourcing platforms, as in the current study, appear to have
a higher dropout rate than in-person/offline studies (Stewart et al., 2017; Zhou & Fishbach, 2016).
This may be due a range of factors including participants having the ability to preview the study
(Stewart et al., 2017), and potentially returning the study before completing the tasks and without
affecting their reputation score on the crowdsourcing platforms (Palan & Schitter, 2018).
Furthermore, there may be fewer barriers to dropping out of an online study due to the anonymity
afforded by the online setting in comparison to dropping out of a live study (in person, or online
but with a video connection with the researchers). In addition, researchers may not be aware of
participants who have dropped out as they do not count towards the quota allocated in a
crowdsourcing platform, and thus researchers under-report them in published papers (Zhou &
Fishbach, 2016).

Importantly, drop-outs can be condition-dependent, for reasons such as experiencing more
mental fatigue in one condition compared to the other (Zhou & Fishbach, 2016). Though selective
attrition can potentially influence internal validity, it is not likely that this caused a meaningful
impact on the findings of this study, because the remaining randomised sample sizes in each
condition for the method validation were reasonably comparable (i.e., 56% in comparison to
44%). Nevertheless, it may be beneficial for studies that use crowdsourcing platforms to include
proactive countermeasure strategies (e.g., telling participants upfront that dropping out could

affect the quality of data (Reips, 2000; Zhou & Fishbach, 2016)).
A number of limitations do exist in regard to using this online stress method that should be

addressed in future studies. First, the findings from this study are based on the assessment of

stress from self-reported measures (Nisbett & Wilson, 1977). Future research can include
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additional physiological measures, such as the approach taken by Harvie et al. (2021) who had

participants measure their own heart rate.

Another limitation is that the baseline stress (e.g., via VAS) was not balanced for both groups. It
was of concern that placing a VAS before the stress manipulation (so it could be balanced across
conditions) could impact feelings and expectations of the participants, and hence impact their

performance (e.g., Christensen-Szalanski & Willham, 1991).

Furthermore, as with any remote online study, there is no control over what participants do
during the exercise. Despite the effort made by the researchers to control experimental stimuli
and set explicit instructions for the exercise, participants are not monitored and may be carrying
out other activities while taking part in the study (such as doing the exercise while relaxing on the
sofa compared to a desk). Such variations in behaviour in completing the exercise may have the
potential to influence the stress levels of participants, as opposed to being solely induced by the

stress stimuli themselves.

Nevertheless, this is the first method that has been designed and used to induce stress in human
participants effectively online without the presence of the researchers. It offers a cost-effective
and easy-to-use method to induce momentary stress to human subjects in a controlled manner in
an online setting. In addition, by not requiring the researchers to be agents of stress, the online
method also enables quick access to large participant samples globally through crowdsourcing
platforms (Peer et al., 2017). The method includes unpredictable social evaluative threats
common in everyday life, including those in professional domains, which means it is a method

that can offer a degree of ecological validity.

5.5 Conclusion

This chapter presents a new method to stress human subjects in an online setting without the
presence of researchers. This method offers a cost-effective way to collect data from a diverse
range of participant cohorts, which is particularly useful in situations where there is a need to
carry out research in online environments. The building blocks of this method (such as having
specific measures to enhance data quality collected) could be useful for in a wide range of studies

that aim to collect quality psychological data online.
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Having developed an online method that has been found to be effective in inducing stress in
human participants, the next step is to evaluate the impact of this stressor on forensic science
decisions. Chapter 6 utilises the developed stressor to study its possible influence on
fingerprinting tasks (fingerprint comparisons were chosen as an example of pattern recognition
tasks, like handwriting analysis and bullet comparisons), to further addresses objective (b) of the

thesis.
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Chapter 6 The Impact of Stress on Fingerprint Assessments:

Novices vs. Experts (Study 4)

6.1 Introduction

Workplace stress has an impact on the quality of decisions made by professionals in a variety of
expert domains, from healthcare (Arora et al., 2010) to policing (Akinola & Mendes, 2012).
However, research discussion on the potential impact of stress on decision-making in forensic
science has only recently been considered (e.g., Almazrouei et al., 2021; Jeanguenat & Dror,
2018). Stress has “clear implications for professions that are characterised by high levels of work
pressure and intense cognitive demands” (Deligkaris et al., 2014, p. 118), so a consideration of the
implications of stress upon forensic examiners is timely (Almazrouei et al., 2020; Helsloot &
Groenendaal, 2011). Hence, the aim of Chapter 6 is to present a study on the impact of stress on

forensic decision-making.

Several studies have investigated the influence of biasing task-irrelevant information (e.g., Dror
& Charlton, 2006; Earwaker et al., 2015; Smalarz et al., 2016) or motivational and emotional
factors (e.g., Charlton et al., 2010; Dror et al., 2005; Hall & Player, 2008; Osborne et al., 2014) on
decisions in a forensic science context (for a review, see, Kukucka & Dror, 2022). However, there
is a lack of research that investigates the impact of stress on forensic decision-making. Since
fingerprint evidence is widely used and can carry significant weight in court proceedings
(Mustonen et al., 2015), the research reported here considered the impact of stress on a
fingerprint decision-making task. The trends that have been identified may well apply and reflect
the impact of stress across other forensic domains where pattern recognition tasks are important

(e.g., handwriting, toolmarks, etc).

The few studies on fingerprint decision-making that included a stress factor were limited in a
number of ways. Some assessed the impact of a stressor (predominantly time pressure) on
fingerprint decision-making in approaches that may make the findings not be ecologically valid
(Kellman et al., 2014; Stevenage & Bennett, 2017; Thompson & Tangen, 2014; Zou et al., 2021).
For example in some studies, the time provided to make a decision was unrealistically short (e.g.,
two seconds to reach a conclusion (Stevenage & Bennett, 2017)). In forensic settings, there is not

often such time pressures (Kellman et al., 2014). Additionally, some of these studies used a two-
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alternative forced choice experimental paradigm (TAFC; see Bogacz et al., 2006) whereby the
participants had to either decide an identification or an exclusion, but were not allowed to reach
an inconclusive decision (e.g., Stevenage & Bennett, 2017; Thompson & Tangen, 2014; Zou et al.,
2021). In casework, inconclusive decisions are allowed (Dror & Langenburg, 2019). Inconclusives
are often considered to be less risky decisions compared to conclusive judgments (Dror &
Langenburg, 2019), but they can have practical implications (e.g., potentially not identifying

suspects) and should be considered when assessing expert performance (Dror & Scurich, 2020).

There are a number of different approaches used to induce stress on human subjects in research.
One approach includes elements of social—evaluative threats, when one is judged negatively by
others, such as receiving negative feedback. Another approach is uncontrollability, when nothing
can be done to avoid negative consequences or change a situation, such as having a time limit for

completing a task (Allen et al., 2017; Dickerson & Kemeny, 2004).

A meta-analysis of 208 laboratory-based stress studies found that stressors that combine the
social—evaluative threats and uncontrollability approaches produced the greatest stress response
in human subjects (Dickerson & Kemeny, 2004). In addition, it has been suggested that stressors
that contain uncontrollable threats to the social self, such as public speaking, can have ecological
validity (Allen et al., 2017) as they can occur in daily life (Lehman et al., 2015). Furthermore, they
are common across cultures (Dickerson & Kemeny, 2004) and can be unpredictable or
uncontrollable, even in professional domains (Akinola & Mendes, 2012; Arora et al., 2010;
Schuetz et al., 2008). An example from the medical domain would be to have unexpected external

visitors observing the progress of a surgical procedure (Schuetz et al., 2008).

Therefore, the aim of Chapter 6 was to collect data that offer insights into the impact of
uncontrollable social evaluative stressors on fingerprint decision-making tasks. The study was
comprised of two experiments: the first with novice participants, and the second with fingerprint
expert participants. The first experiment acted as a pilot study to test the experimental design
with novices before launching the second experiment with fingerprint experts, as well as serving

as a comparison to consider the impact of stress on experts relative to novices.
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6.2 Method

6.2.1 Fingerprint Stimuli

Prior to the study, 23 fingerprint pairs were chosen from a database of fingerprint pairs where the
ground truth was known (i.e., same-source or different-source). The fingerprint pairs were
assessed for difficulty by nine fingerprint experts (mean experience, 13.8 years; range, 3-34), in
order to choose pairs of varying difficulty for inclusion in the experiments (see Appendices C-1
and C-2). For the difficulty assessment, the fingerprint pairs were presented side by side with a 5-
point difficulty scale. A mean rating among the experts of 3.5—5.0 was considered “difficult”; 2.5—

3.5 “medium”; and 1.0—2.5 “easy.”

Of the 23 piloted pairs, 12 pairs were chosen for the study; six difficult pairs of which three were
same-source and three were different-source pairs, and six easy pairs of which three were same-
source and three were different-source pairs. The fingerprint pairs were randomly distributed and
counterbalanced within Qualtrics by condition and by difficulty, so each participant made
assessments of six pairs: three were difficult and three were easy. The aim was to account for the

range of difficulty that fingerprint experts encounter in real casework (Kukucka et al., 2020).

Overall, the novice participants in the first experiment made 690 decisions (115 participants X 6
pairs each), half were different-source and half same-source. The control group made 366
decisions and the stress group 324 decisions. In the second experiment, expert participants made
204 decisions (34 participants x 6 pair of prints; 104 different-source and 100 same-source). The

control group made 96 decisions and the stress group made 108 decisions (see Appendix C-3).

6.2.2 Stress Manipulation

The stress manipulation involved asking participants to answer 24 general knowledge and
mathematical questions under a time limit, and feedback was given (e.g., “WRONG!” or “TIME
OUT!”). Participants in the control group answered a comparable number of general knowledge
questions, but without time limits and with no feedback. Furthermore, the questions in the stress
condition were selected to be more difficult and prone to error than those in the control group in
order to increase the level of stress (by increasing the probability of participants making mistakes

and receiving negative feedback). Hence, this experimental design included both social evaluative
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threat (such as feedback messages after answering each question) and uncontrollability stress

elements (such as time pressure for answering the questions), as outlined in Chapter 5.

6.2.3 Stress Manipulation Check

The effectiveness of the stress manipulation was assessed using the state anxiety scale
(Spielberger et al., 1983). This established scale captures the situational anxiety levels of
participants (i.e., the anxiety feelings at the present moment). This scale consists of 20 statements
(e.g., I feel nervous) for which users indicate their degree of agreement on a 4-point scale, in
regard to how they feel “right now”. The scores range from a minimum of 20 to a maximum of
80 (Spielberger et al., 1983). While this is a self-reporting assessment, the scale has been validated
and is commonly used to measure the effectiveness of stress manipulations (Arora et al., 2010;

LeBlanc et al., 2005; Spielberger et al., 1983; Tanida et al., 2007).

6.2.4 Attention Check Screeners

Four attention check screeners were used to check that participants paid attention to the study
tasks (Oppenheimer et al., 2009). Two of the four attention checks were related to a video on how
to make a fingerprint assessment (in the first experiment with novices). Here, participants were
asked to summarize the content of the video in two to three sentences. Additionally, the time they
spent watching this 5-min, 43-s video was also assessed. The other two attention check screeners
were related to completing the state anxiety scale. An additional item was embedded within the
questionnaire as an attention check, requesting participants to “please tick somewhat.”
Furthermore, the pattern of answering the state anxiety questionnaire was checked (e.g., whether

a participant consistently stating the same response of “Not at All” in an arbitrary fashion).

6.2.5 Measures

Participants were asked to report a conclusion (identification, exclusion or inconclusive) and the
confidence level in their conclusion for each fingerprint pair. To understand the impact of stress
on these decisions, the proportions (%) of each category of conclusion was calculated (see
Appendix C-3). In addition, response times were recorded in Qualtrics without the knowledge of

participants.
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6.2.6 Procedure

Both experiments followed a between-subjects design, with participants randomly allocated via
Qualtrics software into either a stress or a control condition. In each condition, there were three
blocks. In each block, the participants made decisions on two pairs of fingerprints after which
they answered eight general knowledge and mathematical questions. In the stress condition, these
eight questions were difficult, presented with time limits, and feedback was given to participants.
In the control condition, the questions were relatively easy, presented with no time limit and no
feedback was provided to participants. In total, each participant answered 24 general knowledge/
mathematical questions and made decisions on six pairs of fingerprint. The six pairs of fingerprint
varied in difficulty and the ground truth.

After the three blocks of general knowledge and mathematical questions and the pairs of prints,
the effectiveness of the stress manipulation was measured with the state scale of State—Trait
Anxiety Inventory (see Spielberger et al., 1983). Participants were then asked to provide their
demographic information. At the end of the experiment, participants were debriefed and told that
this study specifically aimed to induce momentary stress. In the debriefing, participants were
given the opportunity to withdraw their data without giving a reason and without it affecting their

rights and benefits. Ethical approval was granted by UCL Research Ethics Committee
(#15395/003).

Novices in the first experiment received a short training on how to make fingerprint assessments
before starting the actual study. This consisted of a five-minute online video tutorial and three
exercises on fingerprint assessments in which feedback was given (one identification, one

exclusion and one for inconclusive).

6.2.7 Participants

In the first experiment with novice participants, the participant selection criteria were 25—-60
years of age with a minimum level of high school (or equivalent) education. These parameters
were chosen to ensure that the cohort were comparable with that of expert fingerprint examiners
and comparable to other studies with forensic experts. For example, Holt et al. (2017) reported

the mean age for the 670 forensic examiners they surveyed was 39 years (median = 37, range =
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23—-66), and a few (6% of sample, n = 40) had an education level equivalent to that of a two-year

degree or less.

Data were collected from 120 novice participants using the Prolific Academic platform. Five
participants were excluded from the analysis (withdrew their data, did not meet the inclusion
criteria as they were under the age of 25; or failed most of the attention checks). This left a final
sample of 115 novice participants of whom 54.8% were males (n = 63; prefer not to disclose the
sex: n = 1, 0.9%). The mean age of participants was 35 (SD = 8; range = 25-60). There were 61

(53%) participants in the control condition and 54 (47%) in the stress condition.

In the second experiment, data were collected from 34 fingerprint experts of whom 38.2% were
males (n = 13) and 58.8% were females (n = 20; prefer not to disclose the sex: n = 1, 2.9%). The
experts were based in five different countries: Bahrain, Saudi Arabia, the United Arab Emirates,
the United Kingdom, and the United States. The mean experience of participants in fingerprint
assessments was 17.4 years (SD = 11.0; range = 1-35). The mean age of participants was 43 (SD =

10; range = 25-57).

It is of note that initially there were 43 expert participants, but nine dropped out, all from the
stress condition. This was perhaps a sign that the stress condition was indeed stressful. As a result
of the drop-out, more expert participants were assigned to the stress condition. In the end, 18
experts (52.9%) were in the stress condition while 16 experts (47.1%) were in the control

condition.

6.3 Results

6.3.1 Stress Manipulation

In the first experiment, the mean stress levels, as measured by state anxiety scale, were higher for
the stress group compared with the control group, Welch’s t(96.34) = -6.84, p < .000, with a mean
of 51.15 (SD = 13.10) compared with a mean of 36.33 (SD = 9.63), respectively. The Welch t-test
was used when the assumption of homogeneity of variances was not met, as assessed by Levene's

test for equality of variances.
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Neither age nor sex moderated state anxiety levels. Specifically, there was no correlation between
momentary stress levels and age in either the control group (r(61) = -0.08, p = .547) or the stress
group (r(54) = 0.004, p = .976). Moreover, there was no main effect of sex, t(112) = -0.18, p =
.857, with a mean of 43.53 (SD = 13.63) for females and a mean of 43.06, (SD = 13.71) for males.

In the second experiment, the mean state anxiety score was higher for the stress group (M = 40.22,
SD = 10.77) compared with the control group (M = 36.94, SD = 12.07). However, this was not
statistically significant, t(32) = -0.84, p = .408. State anxiety levels were not moderated by age
(r(34) = -0.26, p = .145), years of experience (r(34) = -0.30, p = .090) or sex (#(31) = -1.48, p =
.148).

6.3.2 Decisions for Same-Source Evidence

The findings suggest that stress improved fingerprint expert assessments for same-source
specimens (see Figure 6-1). Specifically, stress resulted in an observable increase in identification
decisions (47% vs. 55%) and a decrease in exclusion decisions (20% wvs. 12%) made by the
experts—both changes could be categorised as improvement in performance. It appears that the
difficulty of the fingerprint evidence moderated these findings, since increased identifications and

decreased exclusions were most noticeable in the easy pairs.

Overall, stress did not influence expert risk-taking for same-source evidence (i.e., inconclusive
decisions). However, stressed experts were evidently more risk averse when the fingerprint pairs
were difficult (54% vs. 71%). Interestingly, stress resulted in similar changes to decisions for

novices and experts, but only for the overall changes (see top chart of Figure 6-1).
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Figure 6-1: Proportions of decisions on same-source evidence for all fingerprint pairs

(top), difficult pairs (bottom left) and easy pairs (bottom right). Number of decisions

is shown in brackets; lines represent directionality of change between control and

stress conditions.
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6.3.3 Decisions for Different-Source Evidence

Overall, stress did not result in noticeable decision-making changes in either the expert or novice
cohorts (see Figure 6-2). However, the difficulty of the fingerprint assessments played a role in
this negligible effect of stress (consistent with same-source findings). For instance, for easy pairs,
stress did not influence expert decisions or risk-taking at all—a possible sign of ceiling effect.
However, for difficult pairs, stress resulted in minor changes that can be categorised as improved
performance (i.e., increase of exclusions: 50% vs. 57% and decrease in identifications: 4% vs. 0%).

No clear pattern was noticed for the decisions reached by novices.
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control and stress conditions.
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6.3.4 Confidence Levels and Response Times

On average, nonexperts in the first experiment had moderate confidence in making their decisions
(M = 59.60; SD = 23.56). In comparison, fingerprint experts had high confidence in making their
decisions in the second experiment (M = 89.35; SD = 15.94). Table 6-1 summarises the findings
on the impact of stress on confidence levels as well as response times. An additional targeted
significance test was made on inconclusive decisions made by experts on difficult same-source
evidence, since it was desired to understand the observable change in these decisions further (see

bottom left chart of Figure 6-1).

The response time for each decision was recorded in seconds. In the first experiment, an outlier
was identified and excluded, whose score was more than 30 IQRs above Q3 (i.e., the 75th
percentile). Similarly, one outlier was also identified and excluded in the second experiment. With
a single score excluded, novices spent an average of 26.67 seconds (SD = 26.27; Med = 18.30) on
each judgment and experts spent considerably longer with an average of 128.59 seconds (SD =
177.40; Med = 68.66) on each decision. Nevertheless, the response times remained skewed as
assessed via the histograms and Q-Q plots. Hence, Mann-Whitney U was used to compare

response times across the stress and no-stress conditions (see Table 6-1).

Table 6-1: The impact of stress on confidence Levels (CL) and response times (RT).

Control Stress Significance Testing
Novices
CL (%, mean (SD)) 61.34 (22.26) 57.70 (24.84) t(653.35) = 2.02 p =.044
RT (sec, mean rank) 362.26 325.44 U =52790.50,z=-2.42 p=.015
Experts
CL (%, mean (SD))
Overall 87.06 (18.37) 91.38 (13.19)  t(170.31) = -1.91 p =.058
Inconclusives 72.77 (23.76) 89.71(13.84) t(18.12) =-2.29 p =.034
for difficult
same-source
evidence
RT (sec, mean rank) 110.02 94.94 U = 4368.00, z = -1.83 p =.068
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6.4 General Discussion

The findings indicate that stress, as it was induced in this experiment, can improve fingerprint
decision-making for both novices and experts, but mainly for same-source evidence. These
findings are consistent with the published literature on the impact of moderate stressors on
performance. Specifically, when stress is moderate, it can improve human performance (Epel et
al., 2018; Yerkes & Dodson, 1908), including for experts in professional domains (e.g., in policing
(Akinola & Mendes, 2012)). This could be due to alertness and improved attention (Kowalski-
Trakofler et al., 2003; Paton & Flin, 1999)—a cognitive function that is mediated by working
memory (Deligkaris et al., 2014). The induced stress level in the current study is considered
‘moderate’ because the mean state anxiety scores in the stress group (i.e., 51.15 for the experiment
with novices, and 40.22 for the experiment with experts) were mid-way between the minimum

score of 20 and maximum score of 80.

A key implication of this finding is that it may be useful to induce or maintain moderate levels of
stress on forensic experts in general, and specifically on fingerprinting. It is acknowledged that
forensic experts already operate in stressful situations, including potentially uncontrollable social
evaluative threats. It may also be beneficial for the task to be challenging, thus enhancing the
sense of stress during the performance of the task. Previously published research suggests that
underload, boredom and repetitive tasks can impair performance of individuals (Driskell et al.,
2014). Supervisors could play an important role in optimising expert performance through

effectively communicating with the experts on their task loads and other needs .

However, it must be emphasised that the stressor used in this study did not induce a sharp
improvement in decision-making, especially in different source-evidence contexts where changes
were negligible. Several explanations could account for this observation. It could be that stress,
does not impact decisions in the different-source evidence in the same way as same-source
evidence. Another explanation could be that the nine experts who dropped out resulted in a
different pattern of results than might otherwise have been if they had completed the study. This
latter point could also explain the nonsignificant differences in stress manipulation for experts,
as those who were possibly most impacted by stress simply dropped out of the study. Yet, since
the dropped out experts were all from the stress group, this by itself may reflect the effectiveness

of the stress manipulation.
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Stress did not have a noticeable effect on fingerprint expert risk-taking, since the proportions of
inconclusive decisions was comparable in the stress and control condition for both the same-
source and different-source evidence. However, when the same-source prints were challenging,
stressed experts were more conservative than non-stressed experts. Specifically, stressed experts
reported more inconclusive decisions than non-stressed expert participants (a 17% difference),
and with higher confidence levels. It is also worth noting that most of these difficult decisions
were reported as inconclusives for both the stress and control conditions (more than 50%). This
makes interpreting the impact of stress on expert performance challenging, especially given that
inconclusives are already complex to interpret (Dror & Langenburg, 2019). On the one hand,
reaching an inconclusive decision can be justifiable, given the difficulty level of the fingerprint
pairs and that experts may be motivated to avoid erroneous identifications. On the other hand, it
has been contended that reporting a large rate of inconclusives can result in a practical trade-off
in potentially having fewer crimes resolved (e.g., see a discussion on “false inconclusives” (Dror,

2020b)).

As expected, fingerprint experts performed better than novices under stress and under no-stress
(see Figure 6-1 and Figure 6-2). Experts took more time in making their judgments—on average,
they spent approximately five times longer time in making their judgments compared with
novices. Moreover, the stressor in this study had a noticeable impact on the fingerprint decision-
making process of novices, but not as much on experts. Specifically, stressed novices made their
fingerprint decisions faster and with lower confidence levels than the control group of novices
(see Table 6-1).

Nevertheless, it is interesting that novices performed reasonably well despite the minimal training
on fingerprint assessments they received in this experiment (e.g., identification decisions were
reported in about 40% of decisions for same-source evidence, and the trend of improved
performance for novices was similar to experts for same-source evidence; see Figure 6-1). Indeed,
previous research found that even minimal training in fingerprinting received by naive
participants was effective (Stevenage & Pitfield, 2016). Specifically, this study reported that
trained naive participants performed significantly better on fingerprint assessments than
untrained students, but their performance remained substantially lower than fingerprint experts
(Stevenage & Pitfield, 2016).
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Whilst it appears that novices outperformed experts in making more identifications for difficult
same-source evidence, this could be due to experts taking less risk when reaching conclusive
judgments. Experts consistently reported more inconclusive decisions than novices for both the
difficult same-source and different-source fingerprint pairs, regardless of the stress condition.
Indeed, previous empirical research has found that fingerprint experts were more risk averse than

members of the general public (Mannering et al., 2021).

In the expert cohort, only one erroneous identification was made. However, the experts made a
total of 16 erroneous exclusions. When examined closely, most (IV = 13) of these errors arose from
same-source fingerprint pairs that were determined to be difficult matching pairs in the pilot of
fingerprint stimuli (see Section 6.2.1). Hence, on these occasions, it appears that the difficulty of
the matching process played a more important role than the induced stress. Koehler and Liu
(2021) suggested that experts can be prone to high error rates (up to 28.1%) when the fingerprints
are difficult to assess. In such difficult assessments, opting for inconclusive decisions is what
examiners tend to do —depending how these are scored (Dror & Scurich, 2020). The scoring of
the inconclusive decisions is tricky, as there is no criteria to assess when these decisions are

correct and when they are erroneous (Dror & Langenburg, 2019).

The limitations of the study design are acknowledged. This study was conducted online and
therefore naturally induced less stress than real-life stress at work (see discussion in Chapter 5).
In addition, this study did not investigate the individual differences in stress responses. It is
important to remember that there are individual differences in responses to work related stress,
both because different people may have different stress factors in their life outside of their work,

as well as different people responding differently to stress.

6.5 Conclusion

The data produced from this study indicated a complex relationship between stress and forensic

expert decision-making. Specifically:

e Stress improved the performance of both novices and experts on fingerprint assessments,
but mainly for same-source evidence.

e Stress did not have an overall observable effect on the risk-taking of experts, measured
through inconclusive decisions. However, when the same-source prints were difficult,
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experts under stress exhibited less risk-taking by reporting more inconclusives than the
control group.

e Fingerprint experts performed better than novices under stress and under no-stress.

e The stressor utilised in this study had a significant impact on the overall confidence levels

and response times of novices, but not as much on experts.

This study demonstrates that stress can improve the performance of individuals in making
decisions in a fingerprint comparison task. This study draws attention to the potentially positive
impact of stress, and opens up avenues for both research to explore the drivers and mechanisms
of this in order to inform practice. With additional insights, it may be that there is value in
momentary stress on forensic experts, and adjusting the working environment to create challenge
and variability of forensic tasks performed by experts. This study also highlights the importance
of considering the risk-taking of experts, measured through inconclusive decisions, when
assessing performance in stressful situations. Additional research should investigate the impact
of stress on forensic decision-making, including in-person experimental stressors that maybe

more reflective of stressors within the workplace of forensic experts.
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Chapter 7 Discussion

7.1 Introduction

This thesis had two primary objectives. Studies 1 and 2 (Chapters 3 and 4) explored possible
sources of stress that forensic experts experience in the workplace. Then, Studies 3 and 4
(Chapters 5 and 6) investigated though an experimental approach the possible impacts of stress
on actual decisions about forensic evidence. This chapter presents a synthesised overview of three
key themes that have emerged from these empirical studies, and their implications to research

and practice:

Theme 1 Addressing common stress factors is a priority;
Theme 2 The positive impact of stress on decision-making; and

Theme 3 Evaluating stress and its impact is not simple or straightforward.

7.2 Theme 1: Addressing Common Stress Factors is a Priority

Stressors can be classified either as common across occupations, such as workload or lack of
advancement, or forensic science-specific, such as being exposed to distressing crime scenes
(Jeanguenat & Dror, 2018). Forensic experts seem to perceive much of their stress to come from
sources that are common. For example, in Studies 1 and 2, two common sources (i.e., stress from
management/supervisors, and stress from backlogs and the need to conduct many cases) stood
out from forensic-specific stressors that were explored in this thesis (e.g., working in high-profile
cases that may involve media coverage), and from extra-organisational stressors (e.g., personal
issues). Previous research also highlighted the importance of common stressors, like case

backlogs (Busey et al., 2021; National Institute of Justice, 2019).

This is an important observation because it could potentially drive stress-optimising efforts in a
direction that is meaningful in practice (i.e., towards addressing common sources of stress). In
addition, given that these sources of stress are common across occupations, there may be lessons
from other domains that could be beneficial for achieving optimised stress levels in forensic
science. Indeed, a recent thematic review identified that supportive supervisors are one of three
key organisational stress optimisation factors in the forensic science workplace (Kelty et al.,

2021). It should be clarified that this does not mean that forensic science-specific stressors are
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not important to address. Not all forensic science-specific stressors and their possible impacts on
expert decision-making were explored in this thesis (e.g., cross-examination of experts, and other
adversarial legal challenges (Jeanguenat & Dror, 2018)). It should also be noted that the term
stress-optimising is used in Chapter 7, rather than stress-mitigation, because stress can also have

a positive impact on performance.

7.3 Theme 2: The Positive Impact of Stress on Decision-Making

Stress is often considered as negative—for example its role in impacting well-being and decision-
making. However, it has emerged from the findings of this thesis that there can be a positive
impact of stress. Specifically, the stress method (Study 3) induced moderate stress, which in turn
resulted in improving some of the expert fingerprint assessments (Study 4). It might be that
moderate stress improved decision-making through increased attention, a cognitive function that
is mediated by working memory (Deligkaris et al., 2014). These findings are consistent with
studies in other domains which found that moderate stress can enhance expert performance
(Akinola & Mendes, 2012; Epel et al., 2018; Kowalski-Trakofler et al., 2003; Yerkes & Dodson,
1908).

This is important so that stakeholders in forensic service providers do not solely think or treat
stress as negative. Otherwise, the other side of the coin—the positive impact—could be neglected.
This negative connotation about stress is already evidenced in the literature. For example, using
the terms stress-mitigation or stress-minimisation strategies might imply that workplace stress
needs to be uniformly reduced (e.g., “management can take steps to mitigate this stress” (Busey
et al., 2021, p.4); “providing multiple types of interventions to mitigate occupational stress”

(Goldstein & Alesbury, 2021, p.4)).

Furthermore, a common understanding is that stress is about how people perceive demands (e.g.,
tasks at work) as greater than their ability to respond to them (Lazarus & Folkman, 1984).
However, there is also the aspect of lower demands and boredom in doing the workplace tasks
(Driskell et al., 2014), which could cause issues of vigilance. Hence, the possible positive impact
of stressors suggests that there might be occasions when stress at the forensic science workplace

should be enhanced, not mitigated, so that expert performance is enhanced.
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7.4 Theme 3: Evaluating Stress and its Impact is not Simple or Straightforward

This thesis has highlighted that understanding the role of stress in forensic science is a complex
issue. For instance, findings from Studies 1 and 2 indicated that forensic experts who have more
experience doing their job, reported higher levels of stress. Yet, this evaluation needs to be
considered with caution, since experience of experts could be confounded with age (Patterson,
2003) or job role, or other factors that could also moderate the stress levels. Furthermore, the
task of inducing stress to human subjects is challenging. This is because stress research requires
to generate feelings of stress effectively, but at the same time, the research should carried in an

ethical manner to mitigate possible long-term effects of stress (Ferreira, 2019).

The three themes that emerged from the thesis, including that evaluating stress within the
forensic science context is complex, has driven the development of Stressor-Stress Response in
Expert Decision-Making model. This model, presented in Figure 7-1 (see section 7.5.4), aims to
capture this complexity and its different contributing elements that could play a role in expert

decision-making under stress.

7.5 Synthesis

7.5.1 Common Stressors in Forensic Science

To understand the role of common stressors (Theme 1), there is value in considering the factors
that might motivate forensic science professionals, such as the role of popular media (Cole and
Dioso-Villa 2009) and the sense of contributing to society and justice through identifying
perpetrators and solving crimes (Charlton et al. 2010). These factors, in combination with the
reported low feelings of stress identified (e.g., questions 7 and 8 in Study 2), might suggest that
some forensic science-specific sources of stress are positively motivating rather than negatively
stressful. Some researchers classify the stressors that may offer personal development and
achievement for the individual as challenge stressors, and the stressors that may negatively
impact one’s performance as hindrance stressors (Wood & Michaelides, 2016). It seems that
common stressors, such as supervisory roles or managing caseloads, act more as hindrance
stressors (see Studies 1 and 2). In other words, it might be that the working environment and
organisational culture surrounding the forensic experts doing their tasks (Dror, 2020a;

Gochhayat et al., 2017), not the forensic tasks themselves, have more negative impacts.

Page 114 of 211



Two common stressors were identified as potential main sources in this thesis: stress from
management/supervisors, and stress from backlogs and the need to conduct many cases (Studies
1 and 2). Managers and supervisors are key stakeholders that forensic experts communicate with
during forensic casework and with whom they build relationships (Almazrouei et al., 2019). Such
relationships could be a source of stress to forensic experts. For example, one in four forensic
experts strongly felt that their stress originated from their management/supervisors (Study 1, Part
One). Importantly, stress from managers/supervisors may also have an influence on the decision-
making of forensic experts, such as implicit pressures to reach certain forensic conclusions (Study
1, Part Two). In cases of implicit/explicit pressures, ‘transparency’ of such contexts may well be
useful for stakeholders that rely upon forensic science (Almazrouei, 2020; see also Principle 7 of

the Sydney Declaration (Roux et al., 2022)).

Relationships with managers/supervisors could, paradoxically, be supportive so as to moderate
the stress felt by forensic experts (Harper, 2022; Holt et al., 2017). Supportive supervisors was
identified as one of three key organisational stress-optimisation strategies in the forensic science
workplace (Kelty et al., 2021). Kelty et al. (2021) reported that that supervisors (and managers)
could buffer stress by being proactive in necessary actions, such as becoming an integral part of
the team, being flexible, not micromanaging, being knowledgeable on specific tasks and building
mutual trust. It has also been suggested that managers should develop skills and abilities to be
emotionally intelligent where they can manage emotions and stress at an individual level with
forensic experts (termed The Emotion-Regulation Skills-Abilities Model (Harper, 2022)). In such
supportive environments, managers could adapt a human-centred approach rather than a task-
centred one. Enhancing emotional intelligence may enable managers to actively listen and build
confidence with forensic experts so as to manage their stress and well-being (Harper, 2022),

which may result in enhanced performance at the forensic science tasks.

The second potential main source of stress, as identified in the thesis, originates from case
backlogs. Backlogs and the need to work on many cases is not a new issue in forensic science
(Houck, 2020; Roux & Weyermann, 2020), and could be considered a common source of stress
(Jeanguenat & Dror, 2018). Therefore, it was suggested that backlogs should be considered a
typical issue for most forensic science providers, unless they are extreme (Busey et al., 2021).
However, it is acknowledged that how case backlogs are measured and assessed could be complex.

For instance, the measure of backlogs (e.g., turnaround time to complete cases) may differ across
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forensic science providers (Kobus et al., 2011). Adding to this complexity is how experts perceive
stress from case backlogs. For example, the experts in Studies 1 and 2 might have interpreted the
survey questions about backlogs in a way that they were constantly on work-mode, even outside
the workplace. With technologies (e.g., smartphones) there may be an expectation for availability
and connectivity beyond the working hours (Beer & Mulder, 2020), thus enhancing online
vigilance (Johannes et al., 2021), and potentially affecting employees’ stress and well-being—an

area that needs further investigation in future forensic science research.

Busey et al. (2021) indicated that direct measures and quotas of case backlogs at the workplace
can be counterproductive. It was suggested that experts may change their behaviour and cut
corners to meet the quotas, thus potentially affecting the quality of forensic science judgments. In
addition, adding extra overtime may cause fatigue that can influence the performance of experts
(Busey et al., 2021). Hence, novel approaches that view backlogs as normal (unless extreme) and
not as static metrics, may be necessary (Busey et al., 2021). One approach suggests that forensic
science providers could address supply-demand imbalances by being dynamic (Kobus et al.,
2011). This may mean continual process improvement, by including stakeholders (such as legal
and police stakeholders), for effective triaging and reduced backlogs (Houck, 2020). Another
approach suggests having a two-way dialog between supervisors/managers and forensic experts
on aspects, such as what motivates them to work and how to best optimise laboratory demands
with resources to address backlogs (Busey et al., 2021), that is working towards stress-

optimisation (Theme 2).

7.5.2 Re-thinking of Stress as a Human Factor in Forensic Science

Supervisors, managers and experts in the forensic science workplace need to first recognise that
stress is an important human factor issue, because it could negatively or positively (e.g., Study 4)
affect their own well-being and performance (Jeanguenat & Dror, 2018). It might be useful to
rethink how stress is perceived in forensic science organisations—from an issue that may be
considered as part of the job (e.g., Webb et al., 2002), or when mental health crises like Covid-19
occur (De Kock et al., 2021; Fournier et al., 2022; Puzzo et al., 2022), to a human factor matter
on its own that needs continuous evaluation. For instance, private corporations, such as Google,
were proactively creating workplace environments that can address the negative impacts of stress
on their experts, even before the Covid-19 pandemic (Schaufenbuel, 2015). Some researchers even
argue that practitioners and researchers in forensic science should learn from lessons learnt in
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the pandemic to prepare for challenges (Roux & Weyermann, 2020), such as creating workplace

environments to address the negative of impact of stress in forensic science.

The working cultures and stress factors vary across forensic science organisations, and even
across forensic fields and individuals within the same organisation. Hence, it is not possible to
recommend a one-size-fits-all solution. Therefore, it might be useful for the forensic service
providers to take steps to measure stressors and their impact within their own context. This might
also enhance the effectiveness of stress-optimisation strategies that the forensic service providers

would implement.

Forensic service providers should consider the possible negative or positive impacts of stress on
forensic expert decision-making. For instance, a key finding of Study 4 is that moderate stress
enhanced forensic expert performance in some forensic tasks, which is consistent with the
established knowledge (Benson & Casey, 2013; Yerkes & Dodson, 1908). Hence, it might be
beneficial for forensic science providers to take steps to ‘nudge’ experts (Thaler & Sunstein, 2009)
in ways to increase or sustain optimal stress levels if/when appropriate. Since a stress response is
an individual issue (Epel et al., 2018; Lazarus & Folkman, 1984), it might be valuable to first
identify experts who are underloaded or have been doing the same forensic tasks for a long time,

which may cause boredom, and then introduce challenging tasks (for example, by rotating roles).

In highly stressful situations, targeted training could be an approach that may enhance responses
to these contexts. For instance, e-training on crime scene scenarios using technologies, such as
virtual reality, may prepare experts for handling stressful elements in real scenes (Dror, 2007). In
addition, introducing training on mindfulness techniques at the workplace can provide necessary
skills required to effectively respond to challenging scenarios, rather than reacting in a fight-or-
flight, auto pilot response (Jeanguenat & Dror, 2018). Ideally, any approach that aims to optimise
stress, or enhance performance under stress, needs to be empirically informed for its effectiveness
in the workplace. Moreover, empirical testing of stress-optimising strategies could be particularly

useful, given the complexity of stressor-stress response relationship (Theme 3).

7.5.3 Complexity of Stress Evaluation in Forensic Science

The most challenging part of this thesis was designing a stressor that could be utilised to induce

stress feelings in human subjects online in an ethical manner (Study 3; see also Almazrouei et al.

Page 117 of 211



(2022)). The online stress method that was developed for this thesis is based on ecological
stressors of social-evaluative threats and uncontrollably (Dickerson & Kemeny, 2004). It will
hopefully make a significant contribution to future work in this field, and beyond, by creating a
means of being able to carry out studies of this nature in an online setting, which can increase the
diversity of participants able to take part (Upadhyay & Lipkovich, 2020), and enable research to
continue when in-person research may not be possible (Wigginton et al., 2020). However, it is
acknowledged that an online stress method without the presence of stressing agents (e.g., the
researchers) is naturally less effective that an in-person stress paradigm or real stressors in the

workplace, so these latter types of stressors could be potential avenues for future research.

On a practical level, collecting data to understand forensic expert stress, or to test stress-
optimising strategies might be challenging, because experts are typically busy with forensic
casework. A potential solution would be to collect data from non-experts when/if applicable.
Evidence from Studies 3 and 4 highlighted that novices can offer valuable insights on human
behaviour under stress, even in an online environment where researchers were not present. For
instance, with minimal training, novices performed reasonably well and followed a pattern
consistent with experts when assessing same-source fingerprint pairs (Study 4). However, whilst
data from novices could be valuable, insights from their data are limited and may not necessarily
fully translate to expert decision-making. This is partially because experts are more reliant on
shortcuts or schemas from their accumulated experience to enable processing information more

efficiently (Gigerenzer & Gaissmaier, 2011).

7.5.4 Stressor-Stress Response Model in Expert Decision-Making

Evaluating stress and its impact is highly complex (Theme 3). A Stressor-Stress Response Model
in Expert Decision-Making is presented in Figure 7-1, which aims to offer a holistic overview of
stressors and stress responses in professional disciplines. Here, the model is illustrated with
examples within the forensic science discipline, yet its insights could be applicable to any
professional disciplines where experts may operate under stress (e.g., policing, medical and legal

professionals).

Considering the forensic science context, the model highlights the cognitive factors affecting
forensic expert decision-making under stress at the crime scene, in the laboratory and/or in the
court. The model is derived from theories and concepts in the published literature, such as
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cognitive factors in decision-making (Dror, 2007), models of stress (Cooper & Marshall, 1976;
Epel et al., 2018), and the integrated forensic science process (Morgan, 2017a). In addition, it is
supported by empirical evidence from the published literature and the current thesis. The
introduced model (Figure 7-1) may help in highlighting current gaps in knowledge in stress
research within the forensic science contexts, and beyond. It is also hoped that this model will
assist managers with the identification of possible sources of stress and the impact of stressors to

contribute to the design of stress-optimising strategies in the workplace.

Stressors «—> Stress-Responses

External Factors Behavioural

E.g., caseloads, E.g., risk-taking,
horrific crime scenes, smoking
time pressures

Decision Parameters Internal Factors Psychological Physical

E.g., decision E.g., emotional state, E.g., job E.g., stomach distress,
ambiguity, number of anxiety level dissatisfaction, headaches
choices vicarious trauma

Figure 7-1: Stressor-Stress Response Model in Expert Decision-Making. Here,
forensic experts are at the core of the model. Stressors could be pertinent to the
decision parameters that the experts are making, internal to the individual experts
themselves, and/or external factors. Responses to these stressors could be in the
form of behavioural, psychological, and/or physical responses. These stressors and
stress responses are interconnected with each other, and may cognitively affect the
whole forensic science process (crime scene to court). Two-way arrows show the

connectivity between the elements of the model.
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7.5.4.1 Stressors

At the core of this model is the decision maker—the forensic experts. It is the experts who conduct
forensic casework and analysis. Three cognitive factors could be involved in expert decisions
under stress: decision parameters, internal and external factors (Dror, 2007). Decision
parameters pertain to how complex the decision is. Examples may include the complexity of the
decision and the number different alternative choices (e.g., type and number of available minutiae
to consider in fingerprint assessments). Forensic experts—as is the case for all experts—have
limited cognitive resources to examine different alternatives (Kahneman, 2003), and make either
a definitive or a non-definitive decision. This is an important factor that needs consideration when

evaluating the impact of stress.

To illustrate the aforementioned point, there has been recent criticism that non-definitive
decisions (such as inconclusive conclusions in the fingerprint field (Dror & Langenburg, 2019), or
an undetermined manner of death in forensic pathology field (Dror et al., 2021)) may be a
preferred option to take (see a discussion on inconclusive decisions in Part Two of Study 1 and
also in Study 4). Opting for non-definitive decisions, like inconclusives, could be a way to avoid
risky definitive decisions that maybe challenged in court (Dror & Langenburg, 2019). Added to
this complexity is the interpretation of inconclusive judgments in forensic science contexts (Study
4). For instance, an increase in inconclusive decisions could be the result of decision fatigue (i.e.,
inability to make decisions as a result of casework pressures and stress; see Busey et al., (2015)),
or an increase in inconclusive decisions could be the result of experts being more conservative

when stressed.

Individual characteristics of the decision maker play an important role in stress responses (See
Model of Stress at Work (Cooper & Marshall, 1976)). These relate to internal factors that can
impact forensic experts, not the decision itself or external circumstances (Dror, 2007). Examples
may include the expert’s level of anxiety, aversion to ambiguity, emotional state, or confidence
levels (Dror, 2007; Raptis et al., 2017; Saposnik et al., 2017). For instance, it was found in Study
3 of this thesis that non-expert individuals with high trait anxiety were not influenced by the
online stressor, in contrast to individuals with low and moderate trait anxiety levels. Despite the
insight that decision parameters and internal factors are distinct, they could also be interrelated

and affect one another (Dror, 2007). For instance, forensic examiners who are highly averse to
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ambiguity (i.e., those who have extreme dislike of events of unknown probabilities (Levy et al.,
2010)) may be influenced when faced with complex and time-pressured decisions (Helsloot &
Groenendaal, 2011), such as collecting traces from ambiguous crime scenes (de Gruijter et al.,

2016; van den Eeden et al., 2019).

Making decisions in stressful situations could also involve external factors, such as time pressure
that police officers may face when deciding to shoot a suspect (Dror, 2007), or that forensic
experts may also face (Helsloot & Groenendaal, 2011; Zou et al., 2021)—but arguably to a lesser
degree. External factors are not about the decision or the decision-maker, but they are pertinent
to the circumstances surrounding forensic expert decision-making. Such factors may include
forensic-specific stressors (e.g., being exposed to horrific case details), or stressors that are not
specific to forensic science (e.g., lack of advancement at work; see Theme 1). Notably, it is
contended that external factors could be connected with both decision and internal factors (Dror,
2007). For instance, time-pressure was found to raise cognitive demands on individuals (Dror et
al., 1999). In turn, individuals could make a choice among a complex decision of different choices
given the available cognitive resources (Dror, 2007), such as triaging which items collected from

the crime scene to send for forensic analysis (US Bureau of Justice Assistance, 2019).

7.5.4.2 Responses to Stress

As demonstrated in Figure 7-1, responses to stress could be broadly categorised as: behavioural,
psychological, or physical (Kelty & Gordon, 2015; Spector, 2012). When faced with stressors,
forensic experts may behave differently, affecting their decision-making (Jeanguenat & Dror,
2018). For instance, fingerprint examiners were more likely to find a ‘match’ when they in a highly
emotional context (Dror et al., 2005). Importantly, stress response is an individual-level issue
(Lazarus & Folkman, 1984). Hence, the same stressor could be perceived differently (Epel et al.,
2018; Lazarus & Folkman, 1984), which can result in different expert decision-making processing
or conclusions. In addition, responses to stress could be either positive (i.e., result in
improvement of expert decision-making performance; see Theme 2), or negative on experts’
decision-making, or even their coping mechanisms with stress. Some may use positive or adaptive
coping mechanisms to manage stress (e.g., use of humour in the workplace (Kelty & Gordon,
2015)). Alternatively, forensic examiners may go for negative or maladaptive coping mechanisms

(e.g., smoking (Holt & Blevins, 2011)).
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The published literature reported different forms of psychological responses that forensic experts
may experience. For example, these responses could be momentary (e.g., anger), or over a period
of time (e.g., job satisfaction); they could also be direct responses (e.g., post-traumatic stress
disorder (Yoo et al., 2013)), or indirect responses (e.g., secondary traumatic stress from exposure
to contents that involve crimes against children (Burruss et al., 2018; Busey et al., 2021)). The
final category of stress responses pertains to physiological reactions of participants (e.g.,
headaches, dizziness, stomach distress (Spector, 2012)). These physical reactions could result
from forensic-specific or common stressors, including the working environment of experts. For
instance, Kelty et al. (2021) discusses that the working environment, such as working space with
excessive heats or furniture inappropriate for long hours of sedentary tasks, is a key stressor to

digital examiners (Kelty et al., 2021).

Stressor responses could be interconnected and influence one another. For instance, working in
a high-profile case for a prolonged period of time could result in fatigue (physical), which can
affect expert decision-making (behavioural) (for example, see the discussion on the effect of
fatigue on working memory of fingerprint experts (Busey et al., 2015)). Another example that links
psychological and physical response is where secondary traumatic stress may include physical

signs, such as headaches and muscle tension (e.g., see Table 1 in Kelty et al. (2021)).

Forensic experts make decisions and are exposed to stressors throughout the forensic science
process: crime scene, laboratory, and court (Morgan, 2017a, Morgan et al., 2018; see also Section
7.5.4.1). Morgan et al., (2018) clarify that forensic expert decision-making is a connected process.
That is, decisions influenced by context, risk-taking or other human factors happening early at
the crime scene may well cascade to the laboratory, which then may affect the legal outcome of
the forensic case (Dror et al., 2017; Nakhaeizadeh et al., 2017). Adapting this understanding, the
model highlights that those stressors affecting crime scene decisions may well extend beyond the

crime scene, up until the stage where decision-making is taking place in a court setting.

It is hoped that this model can help in identifying gaps to be addressed in future research. For
instance, this thesis did not address the impact of stress at the crime scene or in the court stages
of the forensic science process. The model may also offer a systems-level view to forensic service

providers to develop stress-optimising strategies that are specific to the stressors or stress
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responses outlined (see also the discussion on forensic science as a ‘system’ within a broader

context and interactions in the criminal justice system (Houck, 2020)).

However, this model is limited and could be improved in future research. For instance, it might
be useful to expand on the stress model by including the specific relationships between forensic
expert and other stakeholders in forensic science. Specifically, forensic experts could
communicate with multiple stakeholders about their work (e.g., judges, lawyers, ISO auditors,
regulators, family, victims, etc (Almazrouei et al., 2019; Dror & Pierce, 2020)). These interactions
could generate different types of stressors to experts (e.g., adversarial allegiance with lawyers
(Murrie et al., 2009)) that may require context specific solutions. Approaches, such as System
Thinking (Houck, 2020; Midgley & Lindhult, 2021) or Social Network Analysis (Campana, 2016)
might be helpful in better understanding such interactions. This is because these approaches
suggest assessing the individuals (e.g., the forensic expert) in connection within the broader

context, system or network that they operate at, rather than in isolation.
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Chapter 8 Conclusion

The main aim of this PhD research was to gain insights into the possible sources of stress and
their impact on decision-making in forensic science. Deeper understanding of stress in the
forensic science workplace has the potential to contribute to best practices and to enhance the
quality of forensic expert decision-making, particularly under conditions of stress. To address
this aim, the thesis addressed two main research questions through a holistic approach that

brought together self-reporting and experimental data approaches:

e Research Question 1: What degree of workplace stress (and feedback) do forensic experts
experience? (Self-reported data)

e Research Question 2: Does stress impact forensic science decision-making? Specifically,
does stress influence fingerprint assessments made by novices and fingerprint experts?

(Experimental data)

In this chapter, the key findings of this thesis that have addressed the possible sources and impact
of stress on forensic experts’ well-being and decision-making are presented. Ten practical

implications of these findings are then outlined.

8.1 Key Findings

8.1.1 Research Question (1): What degree of workplace stress (and feedback) do

Jforensic experts experience?

In Study 1 (Chapter 3), 150 practicing forensic experts from the same laboratory were surveyed
about their experiences of workplace stress, and the explicit and implicit feedback they receive.
Forensic examiners reported that their high stress levels originated more from workplace related
factors (management and/ or supervision, backlogs and the pressure to do many cases) than from
personal related factors (family, medical and/ or financial). The findings showed that a small
proportion (8%) of the forensic examiners sometimes felt strong implicit feedback about what
conclusions were expected from them, and that some (14%) also felt strongly that they were more
appreciated when they helped to solve a case (e.g., by reaching a ‘match’ as opposed to an

‘inconclusive’ conclusion). Differences were found when comparing workplace stress and
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feedback levels across three core forensic science fields (forensic biology, chemistry and latent

prints), and across career stages (early, mid, and late).

Study 2 followed-up the insights gained from the work presented in Chapter 3. In this study, a
new sample of 41 forensic experts from two laboratories were surveyed about the sources of their
stress, the support they receive, and the potential influence of stress on their decisions (see
Chapter 4). Stress from managers, supervisors and case backlogs were identified as significant
factors that contributed to stress in the workplace. Neither the type of case nor working in high-
profile cases were reported to be major sources of stress. Crime scene examiners reported feeling
higher levels of stress from personal reasons and from the nature of their cases than analytical
examiners. Female examiners reported feeling more stressed than male examiners from both
general stressors and workplace stressors. Examiners in the 11—15 years of experience group felt
more pressure as a result of circumstances at work than examiners in the 7—10 years group. The
level of management support was not associated with either the feelings of general stress or stress
in the workplace. Examiners varied in their perceptions of whether stress affected their
judgements: 39% felt that their judgments were influenced by stress, while 22% did not and 39%

Wwere unsure.

Therefore, Chapters 3 and 4 contribute data to address research question 1. Taking the findings
together, many of the sampled forensic examiners felt that they operate under pressure, and that
the level of pressure varies by field, sex and experience. These stress feelings could extend to

pressure from feedback during casework and reporting conclusions.

8.1.2 Research Question (2): Does stress impact forensic science decision-
making? Specifically, does stress influence fingerprint assessments made by

novices and fingerprint experts?

To address this question, a new method was developed to induce stress in human subjects during
online participation in a research study, without the presence of researchers (see Chapter 5). In
working towards the validation of this method, participants in the stress inducing condition (N =
52, 44%) were asked to answer general knowledge and mathematical questions which people
often get wrong, and did so under time pressure as well as receiving feedback. In contrast,
participants in the control condition (N = 66, 56%) did not have time pressure or receive feedback.
The stress manipulation was found to be effective, as the reported state anxiety and visual analog
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scale on stress scores were higher for the stress group than for the non-stress group (both findings,
p <.001). Consistent findings were found when accounting for trait anxiety as a moderator, with
the exception of the state anxiety levels in high trait anxiety group. This stressing method
combines the established stress conditions of uncontrollability (such as time pressures) and social
evaluative threats (such as negative feedback). In addition, the method contains specific measures
(such as a commitment statement and attention check questions) to enhance the internal validity
by preventing and detecting cheating or random responses. This method can be deployed through
any commonly available online software. It offers a simple and cost-effective way to collect data
online —which fits the increasing need to carry out research in virtual and online environments

(Kirschbaum, 2021; Upadhyay & Lipkovich, 2020).

Following the development of the stress-inducing method presented in Chapter 5, an
experimental study was conducted to examine the impact of stress on forensic science decision-
making contexts, where experts can face various levels of stress. This study examines fingerprint
decisions made under stress, by novices (N = 115) and fingerprint experts (N = 34). Findings
suggested a complex relationship between stress and expert performance. On the one hand, stress
improved the performance of both novices and experts on fingerprint assessments, but mainly for
same-source evidence. On the other hand, stress had an impact on risk-taking. When the same-
source prints were difficult, stressed experts were less risk-taking and reported more inconclusive
conclusions with higher confidence than the control group. Furthermore, stress had a significant
impact on the overall confidence levels and response times of novices, but not experts. Stress and
decision-making tasks are important factors that should be considered when creating optimal

working environments for increasing decision quality.
Therefore, Chapters 5 and 6 contribute data to address research question 2. The stressor used in

this thesis had a positive impact on fingerprint assessments by both novices and experts.

However, this relationship is a complex one, given the secondary impact of stress on risk-taking.
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8.2 Practical Implications

The findings from this thesis have the potential to inform and contribute to policies to enhance

the well-being and decision-making of forensic experts. Practical implications may include:

1. Going forward, it is important to recognise that stress is an important human factor that
may negatively or positively impact the well-being and decision-making of professionals
in the workplace. Evidence from Study 2 demonstrated that experts were divided and did
not have the same perception on the potential impact of stress on their judgments. Such a
recognition by the experts and their supervisors/managers could be a first step to putting
forward stress-optimising strategies. It has been suggested that a focus on managing the
stress and mental health of employees has increased in the last two years due to the Covid-
19 pandemic (De Kock et al., 2021; Fournier et al., 2022; Puzzo et al., 2022). However, it
might be useful to re-consider stress as an integral organisational factor in expert decision-
making (Dror, 2020a) that needs continuous assessments, not just when crises happen.
Lessons from private organisations could be useful here. For instance, Google, Target and
other private corporations have been proactive in creating workplace environments that
can address the negative impacts of stress on their experts, even before the Covid-19

pandemic (Schaufenbuel, 2015).

2. Designing stress-optimising strategies to specifically address stressors that are common
across occupations, such as stress from supervisors/managers in forensic science
(Jeanguenat & Dror, 2018). For instance, the findings in Studies 1 and 2 suggest that
supervisors/ managers play an important role in why forensic experts feel stressed at
work. It has also been identified in the literature that supportive supervisors could
moderate stress (Kelty et al., 2021). Hence, a possible strategy would be to have targeted
training for supervisors/ managers on emotional intelligence (Harper, 2022; Lidén,
2020). Emotional intelligence is described as a competence that may enable a person to
alleviate stress of another through acquired skills, such as active listening and
understanding expectations of another (Harper, 2022). In a working environment that has
been characterised as time-pressured (Helsloot & Groenendaal, 2011) and with case
backlogs (National Institute of Justice, 2019), it might be beneficial for supervisors/
managers to acquire skills needed to ‘pause’, when necessary, to manage the emotions and
needs of the forensic experts.
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3. Approaches to increase the transparency of how expert decisions are reached (Almazrouei
et al., 2019; Almazrouei, 2020; Earwaker et al., 2020) may need to be integrated with
standard operating procedures of forensic service providers (Dror & Pierce, 2020; Heavey
et al., 2022). Evidence from Study 1 suggest that experts may feel implicit pressures that
come from feedback with stakeholders (such as police investigators), to reach certain
conclusions (e.g., by reaching a ‘match’ as opposed to an inconclusive conclusion). If such
pressures occurred in a case, they may play a role in the decision-making of experts.
Hence, in these situations, a transparency approach, such as the forensic disclosure model,
may be useful in demonstrating the context of experts’ decisions (Almazrouei et al., 2019;
Almazrouei, 2020). The model suggests that it might be beneficial to document these
communications in the casework files, and be transparent about them by disclosing them

to stakeholders (e.g., judges), when/if appropriate (Almazrouei et al., 2019).

4. Stress-optimisation strategies should be context-specific (e.g., considering the
demographical background of experts). For instance, Study 2 revealed that experts who
operate at the crime scene experienced higher stress from personal factors (such as family
and financial issues) than those who operate mainly in the laboratory. Hence, it would be
valuable to understand better the context of crime scene work in order to offer effective
solutions, such as addressing stress from work shifts and commitments of crime scene

experts with their families (Kelty & Gordon, 2015).

5. There may need for a reconsideration of how case backlogs contribute to the stress and
performance of experts. The findings from this thesis identified that case backlogs and the
need to work on many cases were perceived to be key stressors by forensic experts (Studies
1 and 2), even more than other workplace stress factors, such as working in high profile
cases or circumstances at work from investigation/prosecution pressure (Study 2).
However, as the pressure to work on many cases could be a common issue (Jeanguenat &
Dror, 2018), this factor might need to be considered as a typical challenge unless it is
extreme (Busey et al., 2021). Hence, a valuable recommendation to optimise experts’
stress originating from case backlogs might be to re-assess how backlogs are measured
(e.g., possibly by abandoning direct quotas, as experts may cut corners to meet such quotas

(Busey et al., 2021)).
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6. Stress does not always have a negative impact (e.g., see Study 4), so forensic service
providers may need to consider opportunities to optimise stress levels to enhance expert
performance in specific situations or scenarios. This could be achieved in practice through
different approaches, since the response to stress is dependent on individuals (Epel et al.,
2018; Lazarus & Folkman, 1984), and the stress originating from the forensic science
tasks. In the case of low stress, it might be valuable to first identify experts who are
underloaded or have been doing the same forensic science tasks for a long time, which
may cause boredom (Driskell et al., 2014), and then introduce challenging tasks (for
example, by rotating roles). In the case of high stress, targeted training is an approach that
may enhance responses in stressful situations. For instance, e-training on crime scene
scenarios using technologies, such as virtual reality, may prepare experts for handling

stressful elements in real scenes (Dror, 2007).

7. Inconclusive decisions should be considered when evaluating expert performance in
casework. If an expert completes many cases quickly by unjustifiably reporting too many
inconclusives, then one might argue that their performance is high, if inconclusive
decisions are not considered. However, taking low risks through not making conclusive
decisions could negatively impact casework (e.g., not identifying suspects) (Dror &
Langenburg, 2019). Study 4 has taken a step forward towards this direction, by assessing
inconclusives decisions. This evaluation revealed insights on the complex impact of stress
on fingerprint assessments in that expert may justifiably not take risks when the
fingerprint decisions are difficult (Study 4). It is acknowledged that there is still no
consensus among researchers on how inconclusive conclusions should be incorporated in
assessing expert performance (Dror & Scurich, 2020; Scurich & Dror, 2020; Weller &

Morris, 2020), but these disagreements should not hinder efforts towards this direction.

8. Being able to carry out online studies has a number of advantages, such as being able to
carry the studies when in-person research may not be possible (Wigginton et al., 2020)
and to increase the diversity of participants (Upadhyay & Lipkovich, 2020). Hence,
researchers and practitioners in forensic science, and beyond, may benefit from using
measures to enhance quality of online studies or interventions (e.g., piloting a stress-

optimisation strategy). Specifically, Study 3 of this thesis contained specific measures
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(such as adding a commitment statement) to enhance the internal validity of online

studies by preventing and detecting cheating or random responses (see Appendix B-1).

9. Collaborative research is encouraged, particularly for addressing difficult research
questions and real-life challenges (e.g., see a recent Manifesto on Collaborative Research
(Barker et al., In Press)). For instance, the development of the online stress-inducing
method was not a simple task (Study 3), and it required insights from multiple disciplines
(e.g., political science for enhancing data quality on knowledge-based questions (Clifford
& Jerit, 2016)). Furthermore, informal ‘collaborative’ insights were gained from
supervisors, colleagues, friends and family throughout the development of this study. The
outcome was a novel stress-inducing method, which may enable advancements in
addressing stress challenges within the workplace and life generally (Almazrouei et al.,

2022).

10. Researchers as well as practitioners in forensic science fields (and other disciplines) may
benefit from the Stressor-Stress Response Model in Expert Decision-Making (Chapter 7).
This model offers an overview of stressors and stress-responses within the forensic science
context, and the possible relationships that may exist between them. Hence, the model
might help in identifying gaps in knowledge on stress research (e.g., stress situations
during forensic expert testimony at courts), and might help informing the design of stress-

optimising strategies in the forensic science workplace.

This thesis has investigated some of the possible sources and impacts of stress in forensic science
contexts. Specifically, research undertaken here differs from other stress research in forensic
science in that it offered a discussion and data focused on forensic expert decision-making, as
opposed to solely their well-being. In addition, the experimental approach was a step forward to
better understand the relationship between stress and expert performance, which is critical
because it is the forensic experts themselves who make decisions that are relied upon by other

stakeholders (e.g., police for investigations).
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Appendix A: Questionnaire for Chapter 3

Please rate the following statements. It is totally anonymous, so please be honest.

1 2 3 4 5 6 7
(Low) (High)

1. In the past year, I often
felt stressed while at work.

2. The stress I felt originated
from personal reasons
(e.g., family, medical and/
or financial).

3. The stress I felt originated
from management and/or
Supervisors.

4. The stress I felt originated
from backlogs and
pressure to do many
cases.

5. I get feedback about my
work (e.g., from
management, Supervisors,
police investigators
and/or legal advocates.

6. Ifeel management,
supervisors, police
investigators and/ or legal
advocates appreciated it
more when I help to solve
a case (e.g., when I find a
'match' rather than
'Inconclusive').

7. Sometimes I feel I know
what management,
supervisors, police
investigators and/ or legal
advocates want or expect
my conclusion to be.

Which section do you work at (e.g., DNA, firearms, latent prints, etc)?
Years of experience:
Thank you.
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Appendix B: Supplementary Materials for Chapter 5

Appendix B-1: The three phases in developing the online stress method

This study presents a method developed for inducing stress online, but without the presence of
researchers. The development of this stress method—adapted from the Trier Mental Challenge
Test Stress Protocol originally developed by Kirschbaum et al. (1991)—had three phases. In Phase
I, stress stimuli that consisted of mathematical and general knowledge questions was selected. In
Phase II, the stress stimuli were piloted to determine the mean response time for each question
and to determine the accuracy rate for each question. In Phase III, the stress elements, such as
calculating time deadlines for answering the questions based on the mean response times in Phase

I1, were identified.
Phase I — Selection of Stress Stimuli

Two main categories of questions were selected for the online method: mathematical questions
(N = 30) and general knowledge questions (N = 30). Because the study was conducted online and
without the presence of researchers, it was critical to have a mix of questions for inducing stress.
This way, participants were prevented from anticipating what they might be asked, to minimise
the possibility of participants finding the answers through an online search, and as a mechanism

for sustaining the motivation of the participants to complete the exercise (Yip, 2004).

Three genres of mathematical questions were selected: “tricky” (10 questions), numerical
reasoning (8 questions), and basic arithmetic (12 questions; see Table 1 for example questions and
Appendix B-2 for the full list of questions). The mathematics questions were carefully selected so
that they would have varying levels of difficulties and could be solved mentally (i.e., without a

calculator and without the use of a paper and pencil).

The ‘tricky’ genre consisted of questions that seem straightforward and intuitive but are rarely
answered correctly (Gardner, 1986; Kahneman, 2011). The numerical reasoning questions
required basic knowledge of mathematics and have been adapted from numerical reasoning tests
used to test job applicants (Smith, 2017). These two genres of questions can be mentally

challenging because they require more than merely a calculator (given that participants can have
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access to calculators). The third genre— the basic arithmetic questions— involves fundamental
arithmetical operations, such as addition and multiplication, and resemble the mathematics
questions used in the Mental Challenge Test (Allendorfer et al., 2019; Dedovic et al., 2005;
Kirschbaum et al., 1991). To increase the difficulty level, no parentheses were added within the

equations.

All the mathematical questions required free-text entry answers, and the answers are intended to
be whole numbers (without fractions) to minimise the opportunity for participant confusion and
to simplify coding for the answers (for example, if fractions were used, then both 2.5 and 2 1/2
would need to be coded as correct answers). Participants were instructed to input only the
numerical answer for each question without a description (for example, “bananas” in question 7)
or a unit (for example, “pounds” in question 18). A content validation was programmed for all the

mathematical questions to ensure that participants only provided numeric answers.

The general knowledge questions were all multiple-choice questions derived from two sources.
Sixteen questions came from a bank of questions used in professional workshops to which
participants often provide wrong answers (see questions 31—46 in Appendix B-2). The other 14
questions were identified through an online web search for ‘easy general knowledge questions’
(see questions 47—60 in Appendix B-2) in order to include a set of general knowledge questions

of varying difficulty.

Phase II — Piloting the Stress Stimuli

Overview

A pilot study was undertaken in which participants were asked to answer all the selected questions
in Phase I with no time limit and no feedback. The pilot study had two aims. First to assess the
mean response time of each question in order to calculate a preset time deadline for the stress
group. The second to select questions to allocate for the stress and control conditions of the
experiment: the stress group was to be provided with questions that were often answered
incorrectly. This would increase the likelihood of the stress group receiving negative feedback

(such as “wrong”).
g
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Recruitment of Participants

The participants were recruited using the Prolific crowdsourcing platform widely used for

academic research (Clemmow et al., 2020; Palan & Schitter, 2018; Peer et al., 2017). The

participant selection criteria were 25—60 years of age with a minimum level of high school (or

equivalent) education. The online experiments were developed and deployed using Qualtrics.

Table 1: Examples of mathematical and general knowledge questions.

Genre

Question

Answer

Source

“Tricky’
Math

Questions

Q.1. A pen and pad cost one dollar and ten
cents. The pen costs one dollar more than
the pad. How much does the pad cost (in

cents)? (please type the number only).

Q.5 A person was born on May 6, 30 B.C.
He died on May 6, 30 A.D. How old was he
when he died? (please type the number
only).

5 cents

59 years

(Kahneman, 2011)

(Gardner, 1986)

Numerical

Reasoning

Q12. The Arsenal football club “games won”
to “games lost” record last season was 2:3.
How many games did they play last season
if all the games were either won or lost and
Arsenal won 6 games? (please type the

number only).

Q15. A plant grows by 5% each year. Its
height was 90 cm when it was planted. In
which year will the plant exceed 1 m in

height. (please type the number only).

15 games

Year 3

(Smith, 2017)

(Smith, 2017)
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Basic Q19. What is the answer? 3 These questions
Arithmetic follow the paradigm
3x4-9=
of the Mental
Q28. What is the answer? 40 Challenge Stress
Protocol
2 . 14 _
Ax3T -1+ 4 (Kirschbaum et al.,
1991).
General Q32. Which ocean goes to the deepest A. Pacific Taken from a bank of
Knowledge depths? questions that have
already been used in
A. Pacific .
professional
B. Arctic workshops.
C. Atlantic
D. Indian
E. Southern
Q49. Which planet is known as the Red C.Mars Found in Edsys
Planet? (2020) by searching
the internet for “easy
A. Neptune
general knowledge
B. Jupiter questions”
C. Mars
D. Mercury
E. Earth
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Strategy for Response Quality

Participants recruited from online crowdsourcing platforms generally have high-quality
responses and low “cheating” rates (Berinsky et al., 2012; Clifford & Jerit, 2016; Motta et al.,
2016). For example, it has been identified that students were more inclined to look up the answers
in web-based political knowledge surveys than crowdsourced users of Mechanical Turk,
potentially due to crowdsourced participants having financial incentives to finish quickly rather
than spending time looking up answers (Clifford & Jerit, 2016). As subsequent phases in
developing the online stress method presented here depended on the responses from this pilot
study, measures were included to prevent and detect low-quality responses. These measures

aimed to improve the internal validity by preventing and detecting cheating or random responses.

Commitment Statement

Clifford and Jerit (2016) compared different methods for reducing cheating in online surveys
(such as directly asking participants not to cheat or asking them to willingly commit to not use
outside help). They found that a commitment request to participants with “yes” and “no” answers
resulted in the lowest degrees of cheating and the greatest predictive validity. In addition, a
commitment statement can avoid the unpredicted disadvantage regarding participants’ goodwill,
such as when asking the participants directly not to cheat. Hence, a commitment statement using

language adapted from Clifford and Jerit (2016) was used as a prevention measure to cheating;:

Commitment Statement: Data of this scientific study may ultimately contribute to
improving the decision-making in forensic science. Hence, it is important to us that
you do NOT use outside sources, like a calculator or the internet. Will you answer the

following questions without help from outside sources? (Yes / No)

Question Wording Alternations

Previous research suggested that “Googling cheaters” may look for factual answers online while
completing the survey (Jensen & Thomsen, 2014). Such behaviour is prevented or reduced in face-
to-face surveys (Heerwegh & Loosveldt, 2008). Yet, because this study was conducted completely

online, a new solution that has the potential to minimise online search activities was warranted.
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The solution utilised for this study entailed simple alterations to the question wording.
Specifically, nonessential information or words in the question (such as names or dates) were
amended, when possible, whereas the essential information was retained to increase the difficulty

of looking for answers through an internet search.

In the example in Table 2, the name and title “Larygitis, a Greek orator” were nonessential to
answering the question; hence, they were removed from the original question. Moreover, the day
and month of birth were amended. The answer would still be the same—59 years old. In this
example, when copying the original question for an online search, the question is found in the
first search line as well as the source of the original question, but the amended question and its

source do not appear in the entire first page of the online search.
Amending the nonessential information in the original questions was only done for the numeric
reasoning and tricky questions. It was not possible to amend the words in the general knowledge

questions because these questions did not typically contain nonessential information.

Table 2: Example for amending the nonessential words of tricky question number 5.

Original Question Amended Question

Larygitis, a Greek orator, was born on July 4,30 A person was born on May 6, 30 B.C. He
B.C. He died on July 4, 30 A.D. How old was he  died on May 6, 30 A.D. How old was he
when he died? when he died?

Image Not Text

Researchers in the political science literature have discussed that image-based knowledge
questions on individuals—as opposed to text-only questions—can be a useful way to minimise
looking up answers online (Motta et al., 2017; Prior, 2014). Taking this approach, in the current
study, the basic arithmetic questions were coded in Qualtrics as images, not text. This prevention
measure did not allow participants to simply copy and paste the formulas online to find the

answers.
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Randomisation of the Questions

Evidence suggests that some crowdsourced users may share experimental tasks on unofficial
online forums where they can interact with other users and provide information on specific tasks
(Schmidt, 2015). Randomisation of questions has been suggested as a potential way to reduce
cheating through collaborations with others (McLeod et al., 2003) and can help in minimising the
order effect (Oldendick 2008). Therefore, in this method, the order of questions was randomised

using Qualtrics.

High Approval Rates

Prolific offers a prescreening tool called “approval rate” for participants, which is the number of
studies approved by researchers divided by the number of total studies completed by the
participant. Therefore, the approval rate can be an indicative measure regarding the quality of
data a Prolific participant may offer. It has been found that restricting participation to participants
with high approval rates (specifically, above 95% approval ratings) is an effective method to
enhance data quality (Peer et al., 2014). Therefore, for this study, only participants with a high

approval rate of 95% or above were chosen.

Attention Check Questions

Attention check screeners are questions that are typically used to check whether participants read
the instructions. They are embedded within the exercise and look similar to experimental stimuli
in terms of length and format (such as the number of multiple-choice options). However, the
answers may not follow a normal format or expectations, so participants will need to read the
instructions to answer them (Oppenheimer et al., 2009; see Table 3). Some researchers have
argued that attention checks may affect the responses of subsequent questions because they are

in essence ‘trick questions’ (Kane & Barabas, 2019; Hauser et al., 2018).

However, given the nature of the subject pool (see Peer et al. (2017) on attention check failures
from croudsourced participants), they are still being used in empirical research as useful tools to
detect participant attentiveness to the study tasks (Clemmow et al., 2020). In addition, some

researchers recommend using more than one attention check question to improve data quality
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(Berinsky et al., 2014). Therefore, two questions were used for Phase II to minimise potential
impact, if any, on the overuse of attention checks to the responses of actual stress stimuli (see
Table 3). One attention question resembled a general knowledge question, and one attention
check question resembled a numerical reasoning/tricky question. An attention check question
resembling basic arithmetic can be easily detected by the participants so no attention check

question that looked similar to the basic mathematical questions was included.

Table 3: Attention check questions.

Attention Check Question Answer Notes

What color is the sky? Please select “purple” as an answer to D. Purple = Resembles general

make sure you are paying attention. knowledge
) questions.

A. White

B. Blue

C. Green

D. Purple

E. Black
There are seven orange trees on a farm. These trees double = Orange Resembles
in number every 6 months. Please type “orange” as an numerical
answer to this question to make sure that you are paying reasoning and
attention. What is the answer? tricky questions.

Explicit Instructions

Providing clear instructions can enhance the understanding of the experimental tasks by reducing
ambiguity which can enhance the quality of responses (Alekseev et al., 2017). In this method, the
language of the instructions was carefully written to minimise ambiguity regarding the tasks the
participants were being asked to complete (e.g., the instructions made it clear that the use of a

calculator and paper/pencil were not allowed):
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Instructions: Please read the instructions carefully before proceeding:

1. You are asked to answer a number of questions to the best of your ability.

2. The questions in the study may include general knowledge questions, numerical

reasoning questions, and so on.

3. The study should take approximately 45 min but not more than 60 min.

4. The use of a calculator is NOT permitted.

5. The use of a paper and pencil is NOT permitted.

6. Please rely on your own personal knowledge WITHOUT using internet searches.

7. You are asked to be complete the study in a single time session.

8. Please switch off distractions (like emails) and find a quiet place to focus on

this study.

9. Please only take part in this study if you are using a desktop/laptop computer.

Bot Reponses

Computer programs may be used in crowdsourcing platforms to complete the tasks automatically,
known as a bot response (Chmielewski & Kucker, 2020). Some researchers recommend using
Captcha Verification (or Completely Automated Public Turing Test to tell Computers and Humans
Apart) to ensure that the responses come from real human participants, not programs
(Chmielewski & Kucker, 2020). For this study, one captcha verification question from Qualtrics
was included at the beginning of the survey. The participants were presented with a challenge
consisting of an image of words or characters that they needed to correctly complete before

proceeding.
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Elimination of Low-Quality Responses

The responses of all Prolific participants were accepted, and the participants were paid for their
time. However, the plan was to carefully check the data for each participant considering multiple

factors to decide whether or not to keep their data for the analysis (see Table 4).

The specific criteria outlined in Table 4 helped “red-flag” potential low-quality responses. Red-
flagged responses were investigated thoroughly to determine whether there was a consistent
pattern of low-quality response across different questions. Thus, the aim of the elimination
criteria was not to provide quantifiable measures to eliminate low-quality responses or cheaters
( Berinsky et al., 2014), but to gain a more holistic view of the quality of responses for each

participant.

Table 4: Criteria for eliminating low-quality data from analysis.

Attention The participant fails more than one attention check question. Evidence
check suggests that elimination of data based on a single screener may result in

bias in research (Berinsky et al., 2014).

Length of Consistently very high response times. That is, response times are

time repetitively much higher than those of other participants across multiple
mathematical/general knowledge questions. Such response behaviours
raise concerns that that they search for answers on the internet. For
instance, Clifford and Jerit (2016) found that self-reported cheaters spent
significantly more time in answering the general knowledge questions than

non-cheaters.

Consistently very low response times. This response behaviour raises
concerns that participants randomly answer the questions, without

cognitive effort (Borger, 2016).

Pattern of High number of correct answers on difficult questions (i.e., more than just
subjects’ chance).
responses
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Consistently choosing the same responses. For example, choosing the same

option in multiple choice questions (Clemmow et al., 2020).

Results of Phase 11

Quality of Responses

In total, 35 participants were recruited via Prolific. The responses of five participants were
excluded from the analysis, leaving a final sample of 30 participants (60% male, n = 18; age range
= 25—47 years; M = 33.53 years, SD = 6.43 years). Data of the five participants were excluded due
to their responses raising concerns; they showed a consistent pattern of low-quality responses
based on the length of time they spent on the questions. The responses of two participants were
consistently very fast, raising concerns over the cognitive effort made in answering the questions
(Borger, 2016). The response times were even too short for potentially reading a question and

thinking about the answer (for example, one participant spent 2.2 s, 2.7 s, and 2.8 s on questions

45, 41, and 42).

Conversely, the responses of the other three participants were consistently extremely slow with
the response times of those participants being very high for a number of simple general knowledge
questions (for example one participant spent around 3 min to answer question 49 on the longest
river in the world). This increased response time raised concerns that these participants could be

looking up answers via the web (Clifford & Jerit, 2016) and so they were excluded.

Only one participant failed one of the two attention check screeners. After careful assessment of
the quality of the responses from that participant (see Table 4), their data were not excluded so
that data were not eliminated based on a single screener as this may result in bias (Berinsky et al.,

2014; Clemmow et al., 2020).

Elimination of Outliers

To calculate reasonable time limits for answering the questions, two established methods were
compared. The first method sets a deadline by subtracting one standard deviation from the mean
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response time (Benson & Beach, 1996; Tsiga et al., 2013). The second method uses 70% of the
established mean response times (Kellogg et al., 1999). It is critical that established mean
response times are not inflated as having outliers can potentially make the means (or the standard
deviations) higher or lower than they should be. For example, if the standard deviation method
was applied for the current study without any data treatment, then some of the deadlines would
be too short (for example, a 1- or 2-s deadline) or would be negative (when the standard deviation

is higher than the mean). Thus, in this study the outliers were excluded.

Ratcliff (1993) developed simulations of response times to test the different methods used in
removing response time outliers based on the central tendency approach—a common method of
response time data treatment (Whelan, 2008). Therefore in this study response-time outliers

were eliminated following Ratcliff (1993):

1. Cutoffs should be chosen as a function of proportions of responses eliminated. Based on
the reaction time data simulations, it was recommended that a reasonable range to choose
cutoffs should aim to eliminate 5—-15% of data (i.e., keep the central 85—95% of the data).
In the current study, only 7.6% response time data points were excluded. This exclusion

rate falls within the lower end of the recommended range.

2. When there is a high variability among the subjects’ response time means, as in the current
study, then an elimination method using a standard deviation cutoff is recommended
(Ratcliff, 1993). One of the cutoffs tested was 1.5 absolute standard deviation above the
mean, which yielded acceptable results. This value (i.e., absolute z score = 1.5 SD or higher)
was chosen for the current experiment because, upon preliminary assessment, this cutoff

value allows for excluding 5-15% of the data (see recommendation 1, above).

In summary, 136 response time data points were at, or above, 1.5 standard deviation from the
mean and thus were excluded (7.6%, N = 1,800). If the response times were considered an outlier
using the method above, then, both the reaction times and the actual responses to the question

were eliminated.
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Accuracy and Mean Response Times

Appendix B-2 show the accuracies and mean response times of all questions tested (N = 60).
Accuracy (%) refers to the number of correct responses by number of total responses (i.e., N after
removing outliers). The questions were divided into either the stress condition (N = 30) or the
control condition (IV = 30) based on accuracy. Stress questions were of the lowest accuracy for

each type of question (see questions in bold in Appendix B-2).

Phase III — Inclusion of Stress Elements

After the stress stimuli were tested in the pilot study, the following elements were included in the

stress method:

Time Limits

Having time limits to answer the question increases the sense of uncontrollability (Allen et al.,
2017; Dickerson & Kemeny, 2004). There are different approaches to setting time limits such as
having a fixed deadline for the participants to answer a block of mathematical questions
(Kirschbaum et al., 1991) or using a program that continuously increases/decreases time limits
depending on the subject’s performance (Dedovic et al., 2005). For this study, each question had
a precalculated time limit that was the same across participants, regardless of performance. Using
this approach, the participants would not be able to predict the deadlines for subsequent

questions, potentially increasing the sense of uncontrollability and stress levels.

On assessing the two methods to set the time allowed for answering each question, a 70% mean
method was more appropriate than a standard deviation method, as this latter method produced
timeframes for a number of questions that were too short to read the question properly let alone
answer it, even after eliminating the outliers. For example, in question 39, the deadline would be
3s using the standard deviation method and 9s using the 70% of mean method (see Appendix B-
3). If time pressures were too tight, the participants could have decided to randomly answer the
general knowledge and mathematical questions, thus invalidating the stress stimuli. Time limits

were rounded to the nearest whole number.
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Distribution of Stress Stimuli

The distribution of the mathematical/general knowledge questions in the stress and the control
conditions was carefully considered. Forty-eight questions of the 60 questions used in the pilot
study were selected with 12 questions being removed to ensure that the exercise was not too long
and to ensure an even distribution of questions across the two groups (see Appendix B-3). For the
even distribution, both groups were asked to answer the same number of questions (N = 24) and
the same type of questions (see Table 5). Specifically, participants would be asked to answer eight
questions in each block. When possible, questions that were comparable in terms of similarity of
content for the stress and control group were used. For example, questions 16 and 11 were chosen
for the control group and stress group, respectively, because they both involve distance or speed

vector mathematical problems.

Table 5: Even distribution of 48 mathematical/general knowledge questions across three blocks.

Block Question Type Control Group Stress Group
Block A Numerical Reasoning 1 1
Tricky Questions 1 1
Basic Arithmetic 2 2
General Knowledge Questions 4 4
Total Questions 8 8
Block B Numerical Reasoning 1 1
Tricky Questions 1 1
Basic Arithmetic 2 2
General Knowledge Questions 4 4
Total Questions 8 8
Block C Numerical Reasoning 1 1
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Tricky Questions 1 1

Basic Arithmetic 2 2
General Knowledge Questions 4 4
Total Questions 8 8

This approach was repeated in three blocks: eight questions in block A, eight questions in block
B, and eight questions in block C. Block A was expected to generate feelings of stress in the
participants, whereas blocks B and C were expected to restore the stress level so that it would not
dissipate with time. After block C, the stress levels were reported (i.e., the stress manipulation
check).

Feedback

The feedback given to the participants is an important element in affecting the feelings of a social
evaluative threat and the stress levels in participants (Allen et al., 2017; Dickerson & Kemeny,
2004). Incorporating negative feedback (such as receiving a message of “WRONG”) has been
identified as a social—evaluative threat element that leads to elevated levels of stress (Dedovic et
al., 2005). This study adapted similar feedback messages to those used in previous studies that
utilised the Trier Mental Challenge Test (Allendorfer et al., 2014, 2019; Dedovic et al., 2005;
Kirschbaum et al., 1991).

Feedback Before the Stress Stimuli Block

Feedback or messages were shown to participants at three stages: before, during, and after each
stress stimuli block (see Table 6). Before the first block of mathematical/general knowledge
questions, participants in the control group were told that their performance was not being
monitored. This message was expected to reduce stress, thus increasing the difference in stress

levels between the stress and nonstress groups.
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Table 6: Feedback given to participants before, during and after each stress stimuli block.

Feedback  Stress Group Control Group
Before “WARNING! PLEASE READ “Note that your
Stress CAREFULLY: performance is
Stimuli ) ) NOT being evaluated, so
You are reminded that your performance is
Block ) ) N ) please attempt to answer
being monitored by Prolific Academic. .
the questions as
You are reminded that there is a required accurately as possible.”
minimum performance when answering the
questions. Your individual performance will
be compared with the rest of the participants  Participants click on the
to determine whether your data will beused  following message to continue
in the study. the study: “I understand that
_ o my performance is NOT being
Note that some questions have a limited i .
] monitored.
amount of time for you to answer them,
whereas others don’t. The questions with the
limited amount time will have a clock
showing the remaining time.”
Participants click on the following message to
continue the study: “I understand that my
performance is being monitored.”
During WRONG! for incorrect answer. No feedback given.
Stress
Stimuli
Block TIME OUT! when the allocated time runs

out.
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OK for correct answers.

After Stress  If the participant scores three correct answers No feedback given.
Stimuli or lower, the following message will appear:
Block Unfortunately, your individual score

for the math and general knowledge

questions you have just completed was

lower than, or did not supersede, the

average performance of participants.

If the participant scores four correct answers
or higher, the following message will appear:
OK, you have completed this block

of math and general knowledge
questions, and you can now proceed to

the next step.

Conversely, participants in the stress group were warned that their performance was being
monitored by multiple stakeholders—Prolific and the researchers. In addition, it was clarified that
a minimum individual performance was required and that their individual performance would be
compared with that of other participants for inclusion in the study using statements adapted and
modified from Dedovic et al. (2005). This was expected to increase the feelings of social evaluative
threat and thus stress levels of the participants. Another element of this framing was that
participants may have felt the risk of losing their monetary incentives from Prolific, which would
potentially increase their stress levels (even though the consent form clearly stated that the
participants would be paid for their time, even if they wished to withdraw their data). These
statements were not deceptive, as opposed to some previous stress research studies (such as
Allendorfer et al., 2014, 2019) but were provided within the context of Prolific stating that it

monitors response quality to avoid bot-like responses (Bradley, 2018).
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Feedback During the Stress Stimuli Block

During the stress block, if a participant answered a question incorrectly, a “WRONG!” message
in red would appear immediately on the screen. Conversely, a neutral “OK” message appeared in
grey if the question were answered correctly (see Kirschbaum et al. (1991)). While some studies
have utilised positive feedback, such as “CORRECT” (Dedovic et al., 2005), neutral feedback was
deemed to be more suitable in this study because it was expected to result in a greater difference
in stress levels between the control and stress groups. If the time allocated to the question ran out,
a “TIME OUT!” message appeared in red (i.e., the participant left the space empty or did not

select any option in multiple choice questions). For the control condition, no feedback was given.

For this exercise, the color red was used for negative messages (such as “WRONG!”) and the
original Qualtrics color of grey was used for neutral messages (such as “OK”). This color-coding
was used for the feedback messages before, during, and after the stress stimuli blocks as the color
red is associated with negative emotions, such as anger and rage (Joosten et al., 2012; Plutchik,

2001), which can be related to stress levels (Du et al., 2018; Kutchma, 2003).

Feedback After the Stress Stimuli Block

After a block of eight questions, the nonstress group received no feedback messages. However,
the stress group received one of two messages, as shown in Table 6. If the participant scored three
correct answers or lower in this block, then a negative message would appear explicitly comparing
the individual score with those of other participants. This had the potential to further increase the
social evaluative threat component of stress (Dickerson & Kemeny, 2004; Kirschbaum et al.,
1991). If the participant scored four or more questions correct in this block, a neutral message

would appear that had no reference to individual or group performance.

Previous studies that took place with the researchers being present have provided feedback after
the stress stimuli in different ways including increasing or decreasing the difficulty of questions
to enforce a result of 20—45% correct answers with participants being told that the average
performance was 80-90% (Dedovic et al. 2005). Other approaches have included asking
participants to write their scores on a blackboard in front of the group (Kirschbaum et al., 1991).

However, because the exercise in this study took place completely online and without the presence
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of the researchers, a different approach was needed. It was necessary to choose a fixed cut-off
average performance for each block of mathematical/general knowledge questions. Hence, the
questions were distributed across the three blocks in the stress condition so that their average

accuracy percentages were comparable (i.e., 35.9% to 36.9%; see Appendix B-3).

There were eight questions in each block and all the questions had the same weight, so that there
can be a consistent grade level requirement in each block. Individual score can be automatically
calculated via Qualtrics by adding the number of correct responses. As a result, there were nine
possible individual scores for each block (Table 7) and it was possible to approximate the average
performance for all three blocks (i.e., 35.9% to 36.9%) to 37.5%. Therefore, the average score
performance within each block of eight questions was considered as 37.5% (or three correct

answers).

Table 7: Possible individual scores for each stress block.

Number of Correct o) 1 2 3 4 5 6 7 8
Responses

Individual Accuracy 0% 12.5% 25% 37.5% 50% 62.5% 75% 87.5% 100%
Rate
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Appendix B-2: Mean accuracy rate and response times of the stress stimuli

B-2-A: Tricky mathematical questions (numeric text-entry). Half the questions with the lower

accuracy rates than the other half are in bold.

Question Answer N Accuracy Mean SD
(%) (secs) (secs)
1. Apen and pad costone dollarand 5cents 27 33.3 41.238 34.969

ten cents. The pen costs one dollar
more than the pad. How much
does the pad cost (in

cents)? (please type the number
only).

2. There is a patch of flowers in a garden. 47days 29 44.8 33.788 22.227
Every day, the patch doubles in size. If it
takes 48 days for the patch to cover the
entire garden, how many days would it
take for the patch to cover half of the
garden? (please type the number only).

3. What is the answer? 9 29 27.6 23.951 12.500
6+2(1+2)=
4. In ajuice factory, it takes 5 machines 5 5 27 55.6 34.105 23.791

seconds to produce 5 boxes of juice.
How many seconds would it take 100
machines to make 100 boxes of
juice? (please type the number only).

5. A person was born on May 6, 30 59 29 0.0 32.839 24.286
B.C. He died on May 6, 30 A.D.

seconds

How old was he when he years
died? (please type the number
only).

6. Divide 30 by V2 and add 10. What 70 28 28.6 13.604 6.406
is the result?

7. A boy had five bananas and ate all but 3 28 78.6 15.034 6.598
three. How many bananas were bananas
left? (please type the number only)

8. What two whole numbers—not 1x13 27  74.0 49.818 24.908

fractions—make the unlucky number 13
when multiplied together? (you may
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type the two numbers in any order as
‘number 1 x number 2°).

9. Ifthere are 12 one-cent stamps in a 12 29 48.3 21.022 8.716
dozen, then how many two-cent stamps

are in a dozen? (please type the number stamps
only).

10.If a clock takes five seconds to 11 27 0.0 30.491 17.226
strike 6 o’clock, how long will it seconds

take to strike 12 o’clock? (please
type the number only).

B-2-B: Numerical reasoning questions (numeric text-entry). Half the questions with the lower

accuracy rates than the other half are in bold.

Question Answer N Accuracy Mean SD
(%) (secs) (secs)
11. Ruth goes walking to work at 4 miles 28 50.0 79.835 37.960

8.10am. She stops to buy a tea
and read her newspaper for 15
minutes and arrives at work at hour

9.55am. The distance between

her house and work is 6 miles.

What is her average walking

speed in miles per

hour? (please type the number

only).

12. Arsenal football club ‘games 15 26 46.2 58.236 28.477
won’ to ‘games lost’ record last
season was 2 : 3. How many
games did they play last season
if all the games were either
won or lost and Arsenal won 6
games? (please type the
number only).

13. The total entrance price for a theatre $8 28 75.0 61.711 38.434
show for 2 adults and 2 children is
$24. The ticket price for an adult is
twice the price for a child’s ticket.

How much does an adult’s ticket
cost? (please type the number only).

14. While on vacation in Italy, 8 notes 26 65.4 91.728 51.193
William withdraws €200 from
his bank account and receives a
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pile of €10 and €20 notes. How
many €10 notes does William
receive if he receives 14 notes
in total? (please type the
number only).
15. A plant grows by 5% each year. Year 3 28 39.3 45.878 24.254
Its height was 90 cm when it
was planted. In which year will
the plant exceed 1 m in
height? (please type the
number only).
16. A car travels along a road at arate of 180 miles 28 75.0 36.905 20.130
40 mph for 4.5 hours; how far does
the car travel in miles? (please type
the number only).
17. The price of a barrel of oil increased 20% 27  66.7 41.406 29.452
from £20 to £24 between May and
August 1993. By what percentage
did the price of oil increase during
this period? (please type the
number only).
18. A rooster and a hen together weigh gpounds 27 77.8 42.773 21.990
27 pounds. If the rooster weighs
twice as much as the hen does, how
much does the hen weighs in
pounds? (please type the number
only).

B-2-C: Basic arithmetic (numeric text-entry). Half the questions with the lower accuracy rates

than the other half are in bold.

Question Answer N Accuracy Mean SD
(%) (secs) (secs)

19. What is the answer? 3 28 100.0 8.645 3.238
3X4—-9=

20. What is the answer? o 26 88.5 10.585 5.585
2—-6+3=

21. What is the answer? 12 29 65.5 16.324 6.890
8+-44+2 x5=

22. What is the answer? 77 26 96.2 14.621 6.796
93 —16 =

23. What is the answer? 58 28 096.4 22.104 8.713
84— 19-7=

24.What is the answer? 5 29 58.6 14.997 11.297
3xXx3-2%Xx2=

25. What is the answer? 67 26 96.2 9.197 3.139
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75—-8=

26.What is the answer? 21 28 57.1 19.347 9.466
20—5+2x3=

27. What is the answer? 17 27 88.9 11.754 6.028
5 x22—-3=

28.What is the answer? 40 26 61.5 27.165 13.569
4x3%2+1* 4+ 4=

29.What is the answer? 2 27 44.4 24.921 19.548
3—3x3+3%2=

30. What is the answer? 3 28 89.3 22.511 16.945
12 +6X%x3+2=

B-2-D: General knowledge questions (multiple choice). Half the questions with the lower

accuracy rates than the other half are in bold.
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Question Answer

N Accuracy Mean

(%)

(secs)

SD
(secs)

E.

B.

D.

31. In the following sentence, there are B
two missing words. Which two words
from the options (A—E) below fit the
missing words best:

The higher court’s reversal of its
previous ruling on the issue of
suspected

terrorists its
reputation for

sustained, infallibility
compromised, consistency
bolstered, doggedness
aggravated, inflexibility
dispelled, vacillation

26 76.9

47-599

19.616

B.

E.

D.

32. Which ocean goes to the deepest A
depths?

Pacific
Arctic
Atlantic
Indian
Southern

27 59-3

10.212

6.118

OO P

33.What is the meaning of the C
musical term ‘allegro’?

loud
soft
quick

. slow

. stop

28 57.1

13.062

6.789

HOOWp

34. If x/ =x%,thenvalueof x can D

be which of the following? I. -
1/3; 1. 0; I11. 1/3

I only
IT only
III only

. IT and III only

I, II, and I1I

28 25.0

45.234

30.067
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35.If the population of a town

doubles every 10 years, then
population in the year (X + 100)
years will be how many times
the population in the year (X)?

B.
C.
D.

E

512
100
1,024
10
1,000

29 24.1

65.090 37.891

36.Which one of the following

categories is NOT awarded a
Nobel Prize?

B.
C.
D.
E.

Physics
Chemistry
Biology
Medicine
Literature

28

39.3

20.515 14.047

37. What percentage cocoa solids

must chocolate contain to be
legally called chocolate?

A.
B.
C.

D.

E.

929
50
15
25
35

29

20.7

15.811 10.073

38.What is the major vitamin found

in brown rice?

A A

B.
C.
D.

HoaR

29

345

16.835 11.059

39

E
Sa
A.
B.
C
D
E

mite is a type of?

Cake
Stone

. Dog
. Fabric
. Horse

29

17.2

12.369 9.612
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40.

chickens before they are
hatched’?

A. Shakespeare
B. Ben Franklin
C. Chaucer

D. Aesop

E. Dickens

Who wrote ‘don't count your D 27 22.2

10.356

5:-499

41. What is the capital of Cambodia? D 28 39.3

Luang Prabang
Vientiane

Ho Chi Minh

. Phnom Penh

. Hebei

U ORp

13.525

5.830

42.

What is a shooting star?

A. Dying star
B. Meteor

C. Comet

D. Asteroid
E. Supernova

B 26 34.6

12.308

4.548

43.What percent of people live

north of the equator?

70%
75%
80%
. 85%
E. 90%

COowp

13.472

5.060

44.Which one of these is not an

insect?

A. Flea

B. Tick

C. Mosquito
D. Beetle

E. Butterfly

B 28 214

19.246

9.324

45-

What will you get if you shake
whipping cream in a glass can

for 10 minutes?

Whipped Cream
Cheese

Milk

. Butter

Yogurt

Sciel s

D 28 21.4

20.748

11.353
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46. What animal first reached Earth’s E 27 63.0
orbit alive?

Mice

Ape
Cockroach
Cat

Dog

SISESLhS

9.343

3.292

47. What is the official World Health A 29 65.5
Organization abbreviation for the
current global pandemic?

A. COVID-19
B. Coronavirus
C. SARS-CoV-2
D. 2019-nCoV
E. SARS-CoV

14.810

7.558

48. How many days are in a year? C 29 100.0

A. 151
B. 243
C. 365
D. 411
E. 502

4.835

1.769

49.Which is the longest river on A 26 50.0
earth?

A. Nile

B. Amazon
C. Congo
D. Lena

E. Mekong

7.829

4.337

50. Which is the tallest mountain in the E 29 86.2
world?

Fuji

Mount Kilimanjaro
Table Mountain
Mont Blanc

Mount Everest

8.520

4.056

51. ere is Kenya located? B 29 100.0
Asia

Africa

Europe

South America

Australia

MO OE §wcow>

5175

2.144
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52. Which planet is known as the Red C 26
Planet?

B.

D.
E

Neptune
Jupiter
Mars
Mercury
Earth

96.2

5.278

2.551

53-

Which animal is known as the ‘Ship of B 29

the

Mo Qwp

Desert?’

Fox
Camel
Lizard
Whale
Scorpion

100.0

10.090

4.935

54.

Wh

o was the first man towalkonthe C 28

moon?

A.
B.
C.
D.
E.

Cristiano Ronaldo
Captain Cook
Neil Armstrong
Ibn Battuta
Laika

100.0

6.316

2.318

55. Which is the most spoken E 26
language in the world?

B.
C.

D.

E

English
Spanish
Arabic
French
Chinese

34.6

6.497

2.640

56. What is the capital of the United A 29
States?

Washington, DC
New York City
Los Angeles
Chicago

Miami

100.0

5923

4.357

57

MO0 W g?’.@@?’?

o is the founder of Microsoft? B 27

Donald Trump
Bill Gates

Mark Zuckerberg
Steve Jobs

Elon Musk

96.3

4.939

2.280
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58. Global warming is caused by the D 28 78.6 12.225 6.414
excess of which type of gas?
A. Oxygen
B. Nitrogen
C. Argon
D. Carbon dioxide
E. Carbon monoxide
59. Which country is home to the A 29 100.0 5.682 2.652
kangaroo?
A. Australia
B. Congo
C. Angola
D. Zambia
E. New Zealand
60. Who invented the telephone? E 29 75.9 12.117 11.289

HOQw»

Thomas Edison
Wright Brothers
Guglielmo Marconi
Leonardo da Vinci
Alexander Graham Bell
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Appendix B-3: Order of the stress stimuli within the blocks

Specific mathematical/general knowledge questions for each of the three blocks are provided

below; accuracy percentages of each question from the baseline study and the average percentage

accuracy for each block are included. The precalculated deadlines of two methods are shown,

namely the mean minus one standard deviation (i.e., M-SD) and 70% of the mean (i.e., 70% of

M).
Block Question Control Group Stress Group
Type
Selected Selected Baseline Deadline
question question accuracy (secs)
(%) M- 70%
SD of M
A Numerical  Q16. A car travels Q11. Ruth goes 50.0 42 56
Reasoning  alongaroad at a walking to work
rate of 40 mph for  at 8.10 a.m. She
4.5 hours. How far  stops to buy a tea
does the car travel  and read her
in miles? (please newspaper for 15
type the number minutes and
only). arrives at work at
9.55 a.m. The
distance between
her house and
work is 6 miles.
What is her
average walking
speed in miles per
hour? (please
type the number
only).
Tricky Q7.Aboy had five Q1. Apenandpad 33.3 6 29
Questions bananas and ate all cost one dollar
but three. How and ten cents.
many bananas The pen costs one
were left? (please dollar more than
type the number the pad. How
only) much does the
pad cost (in
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cents)? (please
type the number
only).

Basic

Q25. What is the Q21. Whatisthe  65.5 9 11
Arithmetic  answer? answer?
75— 8 = 8+4+2 x5=
Q27. What is the Q29. Whatisthe 44.4 5 17
answer? answer?
5x22-3= 3-3x3+3%=
General Q56. What is the Q34. If x/3 =x%, 25.0 15 32
Knowledge capital of the then value of x
Questions United States? can be which of
the following? I. -
1/3; I1. 0; I11. 1/3
A.
Washington,
DC A. Tonly
B. New York B. II only
City C. Il only
C. Los D. II and IIT
Angeles only
D.  Chicago E. I 11, and
E. Miami 111
Q60. Who invented Q36. Which one 39.3 6 14
the telephone? of the following
categories is NOT
awarded a Nobel
A. Thomas Prize?
Edison
B. Wright
Brothers F. Physics
C. Guglielmo G. Chemistry
Marconi H. Biology
D. Leonardo I. Medicine
da Vinci J. Literature
E.
Alexander Grah
am Bell
Q51. Where is Q37. What 20.7 6 11
Kenya located? percentage cocoa
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solids must

A. Asia chocolate contain
B. Africa to be legally
C. Europe called chocolate?
D. South
America F. 99
E. Australia G. 50
H. 15
1. 25
J. 35
Q59. Which Q39. Samite is a 17.2 3 9
country is home to  type of?
the kangaroo?
A. Cake
B. Stone
A. Australia C. Dog
B. Congo D. Fabric
C. Angola E. Horse
D. Zambia
E. New
Zealand
Average Score 36.9 - -
for Stress
Group
Numerical  Qi18. Aroosterand Qi12. The Arsenal 46.2 30 41
Reasoning  a hen together football club
weigh 27 pounds. If “games won” to
the rooster weighs  “games lost”
twice as much as record last season
the hen does, how  was 2:3. How
much does the hen many games did
weighs in they play last
pounds? (please season if all the
type the number games were either
only). won or lost and
Arsenal won 6
games? (please
type the number
only).
Tricky Q4. In a juice Q6. Divide 30by  28.6 7 10
Questions factory, it takes 5 > and add 10.

machines 5
seconds to produce
5 boxes of juice.

What is the
result?
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How many seconds
would it take 100
machines to make
100 boxes of
juice? (please type
the number only).

Basic Q22. What is the Q20. Whatisthe 88.5 5 7
Arithmetic  answer? answer?
93 —-16 = 2—6+3=
Q30. What is the Q28. Whatisthe 61.5 14 19
answer? answer?
12+6%x3+2= 4x3%2+1%+4=
General Q31. In the Q43. What 3.6 8 9
Knowledge following sentence, percent of people
Questions there are two live north of the
missing words; equator?

which two words
from the options
(A—E) below fit the
missing words

best: F. 70%
G. 75%

H. 80%

. I. 85%

The higher J. 90%

court’s reversal
of its previous
ruling on the
issue of
suspected
terrorists

its
reputation
for

F. sustained,
infallibility

G. compromis
ed,
consistency
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H. bolstered,

doggedness
I. aggravated,
inflexibility
J. dispelled,
vacillation
Q57. Who is the Q40. Who wrote  22.2 5 7
founder of “don’t count your
Microsoft? chickens before
they are
A. Donald hatched”?
Trump
g Egrgates F. Shakespea
re
Zuckerberg G. Ben
D. Steve Jobs Franklin
E. Elon Musk H. Chaucer
I. Aesop
J. Dickens
Q53. Which animal Q44. Which one 21.4 10 13
is known as the of these is not an
“Ship of the insect?
Desert?”
F. Flea
A. Fox G. Tick
B. Camel H. Mosquito
C. Lizard I. Beetle
D. Whale J. Butterfly
E. Scorpion
Q54. Who was the  Q45. What will 21.4 9 15

first man to walk you get if you
on the moon? shake whipping
cream in a glass
A. Cristiano can for 10
Ronaldo minutes?
B. Captain
Cook F. Whipped
C. Neil cream
Armstrong G. Cheese
D. Ibn Battuta H. Milk
E. Laika I. Butter
J. Yogurt
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Average Score 36.7 - -
for Stress
Group
Numerical  Q13. The total Q15. A plant 39.3 22 32
Reasoning  entrance price fora grows by 5% each
theatre show for 2 year. Its height
adults and 2 was 90 cm when
children is $24. it was planted. In
The ticket price for ~ which year will
an adult is twice the plant exceed 1
the price for a m in
child’s ticket. How  height. (please
much does an type the number
adult’s ticket only).
cost? (please type
the number only).
Tricky Qo. If thereare 12 Q5. A personwas 0.0 9 23
Questions one-cent stamps in  born on May 6,
a dozen, thenhow 30 B.C. He died
many two-cent on May 6, 30 A.D.
stamps are in a How old was he
dozen? (please when he
type the number died? (please type
only). the number only).
Basic Q19. What is the Q26. Whatisthe 57.1 10 14
Arithmetic  answer? answer?
3x4-9= 20-5+2x3=
Q23. What is the Q24. Whatisthe 58.6 4 10
answer? answer?
84— 19-7= 3X3-2%x2=
General Q48. How many Q35. If the 24.1 27 46
Knowledge days arein ayear? population of a
Questions town doubles

151
243
365
411
502

HOQ®W P

every 10 years,
then population
in the year (X +
100) years will be
how many times
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the population in

the year (X)?
F. 512
G. 100
H. 1,024
I. 10
J. 1,000
Q58. Global Q38. Whatisthe 34.5 12
warming is caused  major vitamin
by the excess of found in brown
which type of gas?  rice?
A. Oxygen A A
B. Nitrogen B. B
C. Argon C. C
D. Carbon D. D
dioxide E. E
E. Carbon
monoxide
Q52. Which planet  Q42. What is a 34.6 9
is known as the shooting star?
Red Planet?
F. Dying star
A. Neptune G. Meteor
B. Jupiter H. Comet
C. Mars I. Asteroid
D. Mercury J. Supernova
E. Earth
Q50. Which isthe  Q41. Whatisthe 39.3 9
tallest mountain in  capital of
the world? Cambodia?
A. Fuji A. Luang
B. Mount Prabang
Kilimanjaro B. Vientiane
C. Table C. Ho Chi
Mountain Minh
D. Mont Blanc D. Phnom
E. Mount Penh
Everest E. Hebei
Average Score 35.9 -
for Stress
Group
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Appendix B-4: Self-evaluation questionnaire (PART A)

A number of statements that people have used to describe themselves are given below. Read each
statement and then choose the response to indicate how you feel right now, that is, at the
moment. There are no right or wrong answers. Do not spend too much time on any one statement
but give the answer that seems to describe your feelings best. Note that item 13 is an additional

item was added to the questionnaire as an attention check screener.

Not at all Somewhat Moderately so Very much so

1 I feel calm 1 2 3 4
2 I feel secure 1 2 3 4
3 I am tense 1 2 3 4
4 I feel strained 1 2 3 4
5 I feel at ease 1 2 3 4
6 I feel upset 1 2 3 4
7 I am presently 1 2 3 4

worrying over

possible misfortunes
8 I feel satisfied 1 2 3 4
9 I feel frightened 1 2 3 4
10 Ifeel comfortable 1 2 3 4
11 Ifeel self-confident 1 2 3 4
12 I feel nervous 1 2 3 4
13  Please tick 1 2 3 4

“somewhat”
14 Tam jittery
15 Ifeel indecisive 1 2 3 4
16 I am relaxed 1 2 3 4
17 Ifeel content 1 2 3 4
18 Iam worried 1 2 3 4
19 I feel confused 1 2 3 4
20 Ifeel steady 1 2 3 4
21 I feel pleasant 1 2 3 4
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Appendix B-5: Self-evaluation questionnaire (PART B)

A number of statements which people have used to describe themselves are given below. Read

each statement and then choose the response to indicate how you generally feel. Note that PART

B of the questionnaire is different from PART A that you completed earlier. In part A, it was about

how you feel right now, but here, in part B, it is how you generally feel as a person, NOT how you

specifically feel at this moment.

Almost Sometimes Often Almost Always
Never
1 I feel pleasant 1 2 3 4
2 I feel nervous and 1 2 3 4
restless
3 I feel satisfied with 1 2 3 4
myself
4 I wish I could be as 1 2 3 4
happy as others seem
to be
5 I feel like a failure 1 2 3 4
6 I feel rested 1 2 3 4
7 I feel “calm, cool, and 1 2 3 4
collected”
8 I feel that difficulties 1 2 3 4
are piling up so that I
cannot overcome them
9 I worry too much over 1 2 3 4
something that really
doesn’t matter
10 Iam happy 1 2 3 4
11 I have disturbing 1 2 3 4
thoughts
12 Ilack self-confidence 2 3 4
13  Please tick “often” 2 3 4
14 1feel secure
15 I'make decisions easily 1 2 3 4
16 I feel inadequate 1 2 3 4
17 I am content 1 2 3 4
18 Some  unimportant 1 2 3 4

thought runs through
my mind and bothers
me
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19

20
21

I take 1
disappointments  so
keenly that I can’t put
them out of my mind

I am a steady person 1
I get in a state of 1
tension or turmoil as I
think over my recent
concerns and interests

w

N
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Appendix C: Supplementary Materials for Chapter 6

Appendix C-1: Assessment by nine fingerprint examiners of 23 pairs of

fingermarks/prints for matching difficulty.

Fingerprint Pairs Fingerprint Experts
Pair Ground Truth ID A B C D E F G H 1 Avg
YoE 13 10 65 1 8 3 34 28 11 13.8
1 match 2 1 1 1 1 2 1 2 1 1.3
2 match 3 2 3 2 2 2 1 2 2 21
3 non-match 5 2 4 5 3 5 4 5 5 4.2
4 match 4 3 3 4 4 4 1 3 3 32
5 match 5 5 3 5 3 5 3 4 4 41
6 non-match % 1 1 1 1 1 1 1 1 1 1.0
=
bS]
7 match L'g 3 1 2 3 2 4 1 1 2 21
=
3
8 non-match I 4 2 2 2 2 4 1 3 3 2.6
o0
(=]
9 non-match k= 2 2 2 2 3 3 1 1 1 1.9
$—
z
10 non-match 55 5 4 3 4 4 5 3 4 4 4.0
A
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11

12

13

14

15

16

17

18

19

20

21

22

23

non-match

match

match

non-match

non-match

match

non-match

match

match

non-match

match

match

non-match

3 1 2
5 5 4
2 1 1
4 1 2
4 1 2
4 1 2
3 1 3
5 1 3
3 2 2
4 4 4
2 1 2
4 1 2
4 1 3

2.0

4.6

1.2

2.0

2.2

2.1

2.2

2.9

2.0

3.8

1.4

2.3

2.1

Key: YoE = Years of experience; ID = Identification letter of participant.
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Appendix C-2: Example of fingerprint mark/print assessed for matching

t examiners.

difficulty by fingerpri
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Appendix C-3: Fingerprint decision-making of novices and experts.

C-3-A: Novices
Pair ID-C ID-S Ex-C Ex-S Inc-C Inc-S Total-C  Total-S
Same-Source Evidence
Ao 8 7 5 8 16 10 29 25
Bo 19 22 7 3 5 2 31 27
Co o 1 13 7 20 19 33 27
Do 10 12 17 11 4 4 31 27
Eo 15 13 16 13 (o} 2 31 28
Fo =20 17 6 5 5 3 31 25

38.7% 45.3% 34.4% 29.6% 26.9% 25.2% N=186 N-=159
Different-Source Evidence

A1 3 3 18 19 11 7 32 29

B1 21 16 3 5 6 6 30 27

Ci 4 1 16 8 8 18 28 27

D1 6 5 18 15 6 7 30 27

E1 1 1 25 20 4 5 30 26

Fi 16 10 11 11 3 8 30 29
28.3% 21.8% 50.6% 47.3% 21.1% 30.9% N=180 N=165

C-3-B: Experts

Pair ID-C ID-S Ex-C Ex-S Inc-C Inc-S Total-C  Total-S
Same Source Evidence

Ao 1 0] 2 o) 6 8 9 8

Bo 1 1 5 5 2 1 8 7

Co 1 1 1 o 5 8 7 9

Do 5 9 o o 1 0 6 9

Eo o 10 2 1 o 0 11 11

Fo 6 7 0 0 2 0 8 7
46.9% 54.9% 20.4% 11.8% 32.7% 33.3% N=49 N=51

Different Source Evidence

A1 o 0 6 9 1 1 7 10

B1 1 o) 6 8 1 3 8 11

C1 0 0 o (o} 9 9 9 9

D1 o 0] 10 9 0 0 10 9

E1 o o 5 7 (0] 0 5 7

Fi o) o) 8 11 (o} 0 8 11
2.1% 0.0% 74.5% 77.2% 23.4% 22.8% N =147 N=57

Key: ID = Identification decision; Ex = Exclusion decision; Inc = Inconclusive decision; C =
Control condition; S = Stress condition; Total = all fingerprint pairs assessed in each condition;
Ao = same-source pair of latent print A; A1 = different-source pair of latent print A.

Page 211 of 211



	Chapter 1 Introduction
	1.1 Overview
	1.2 Aims and Research Questions
	1.2.1 Research Question 1
	1.2.2 Research Question 2

	1.3 Structure of the Thesis
	1.4 Additional Considerations

	Chapter 2 Literature Review
	2.1 Decision-Making in Forensic Science
	2.1.1  The Role of Expert Decision-Making in Forensic Science
	2.1.2 Concerns About Decision-Making in Forensic Science
	2.1.3 Communication in Forensic Science
	2.1.4  Cognition of Decision-Making in Forensic Science

	2.2 Factors Impacting Decision-Making in Forensic Science
	2.2.1  An Eight-Level Taxonomy
	2.2.2 Contextual Bias
	2.2.3 Motivational and Emotional Bias

	2.3 Stress and Decision-Making in Forensic Science
	2.3.1 Characteristics of Stress
	2.3.2 Stress and Performance
	2.3.3  Stress and Working Memory
	2.3.4  Risk-Taking Under Stress

	2.4 Sources of Workplace Stress in Forensic Science
	2.4.1  Common Organisational-Level Sources
	2.4.2  Context-Dependant Organisational-Level Sources
	2.4.3 Extra-Organisational Sources
	2.4.4  Moderating Factors of Stress

	2.5 Stress and Fingerprint as Evidence
	2.5.1  Stress and Fingerprint Decision-Making
	2.5.2 Fingerprint Examination and Conclusions

	2.6 Identified Gaps
	2.6.1 Sources of Workplace Stress in Forensic Science
	2.6.2 The Impact of Stress on the Decision-Making in Forensic Science

	2.7 Aims and Research Questions

	Chapter 3   Organisational and Human Factors Affecting Forensic Decision-Making:  Workplace Stress and Feedback (Study 1)
	3.1 Introduction
	3.2 Part One: Workplace Stress
	3.2.1 Method
	3.2.1.1 Questionnaire
	3.2.1.2 Participants
	3.2.1.3 Statistical Analysis

	3.2.2 Results
	3.2.2.1 Workplace Stress
	3.2.2.2 Stress by Field and Experience

	3.2.3 Discussion
	3.2.3.1 Workplace Stress
	3.2.3.2 Stress by Field and Experience


	3.3 Part Two: Workplace Feedback
	3.3.1 Method
	3.3.2 Results
	3.3.2.1 Workplace Feedback
	3.3.2.2 Feedback by Field and Experience

	3.3.3 Discussion
	3.3.3.1 Explicit Feedback
	3.3.3.2 Implicit Feedback


	3.4 General Discussion
	3.5 Conclusion

	Chapter 4 Workplace Stress and Support: The Perspective of Forensic Experts (Study 2)
	4.1 Introduction
	4.2 Method
	4.2.1 The Questionnaire
	4.2.2 Participants

	4.3 Results
	4.3.1 Workplace Stress and Support
	4.3.2 Effects of Field, Sex and Experience
	4.3.3 Stress and Decision-Making

	4.4 Discussion
	4.4.1 Workplace Stress and Support
	4.4.2 Stress and Decision-Making

	4.5 Conclusion

	Chapter 5 A Method to Induce Stress in Human Subjects in Online Research (Study 3)
	5.1 Introduction
	5.2 Method
	5.2.1 Participants
	5.2.2 Stress Procedure
	5.2.3 Stress Manipulation Check
	5.2.4 Trait Anxiety

	5.3 Results
	5.3.1 Overall Stress and Trait Anxiety
	5.3.2 Trait anxiety as a Stress Moderator
	5.3.3 Performance on Stress Blocks

	5.4 Discussion
	5.5 Conclusion

	Chapter 6 The Impact of Stress on Fingerprint Assessments: Novices vs. Experts (Study 4)
	6.1 Introduction
	6.2 Method
	6.2.1 Fingerprint Stimuli
	6.2.2 Stress Manipulation
	6.2.3 Stress Manipulation Check
	6.2.4 Attention Check Screeners
	6.2.5 Measures
	6.2.6 Procedure
	6.2.7 Participants

	6.3 Results
	6.3.1 Stress Manipulation
	6.3.2 Decisions for Same-Source Evidence
	6.3.3 Decisions for Different-Source Evidence
	6.3.4 Confidence Levels and Response Times

	6.4 General Discussion
	6.5 Conclusion

	Chapter 7 Discussion
	7.1 Introduction
	7.2 Theme 1: Addressing Common Stress Factors is a Priority
	7.3 Theme 2: The Positive Impact of Stress on Decision-Making
	7.4 Theme 3: Evaluating Stress and its Impact is not Simple or Straightforward
	7.5 Synthesis
	7.5.1 Common Stressors in Forensic Science
	7.5.2 Re-thinking of Stress as a Human Factor in Forensic Science
	7.5.3 Complexity of Stress Evaluation in Forensic Science
	7.5.4 Stressor-Stress Response Model in Expert Decision-Making
	7.5.4.1 Stressors
	7.5.4.2 Responses to Stress



	Chapter 8  Conclusion
	8.1 Key Findings
	8.1.1 Research Question (1): What degree of workplace stress (and feedback) do forensic experts experience?
	8.1.2 Research Question (2): Does stress impact forensic science decision-making? Specifically, does stress influence fingerprint assessments made by novices and fingerprint experts?

	8.2 Practical Implications

	References

