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A B S T R A C T   

Stress has been shown to have an impact on the quality of decisions made by professionals in a variety of do
mains. However, there is lack of research examining the impact of stress on forensic decision-making contexts, 
where experts can face various levels of stress. This exploratory study examines fingerprint decisions made under 
stress, by novices (N = 115) and fingerprint experts (N = 34). Findings suggested a potentially complex rela
tionship between stress and expert performance. On the one hand, in this study stress seemed to improve the 
performance of both novices and experts on fingerprint assessments, but mainly for same-source evidence. In 
contrast, the induced stress appeared to have an impact on risk-taking. When the same-source prints were 
difficult, a trend emerged with stressed experts taking less risk 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. These findings suggest that stress and decision-making tasks 
are important factors that should be considered when considering optimal working environments for increasing 
decision quality.   

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 (Almaz
rouei et al., 2020; Helsloot & Groenendaal, 2011). 

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 in
vestigates 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 possible 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). 

Stress may have both negative and positive effects, with many 
documented contexts where it can have a positive impact on human 
performance and decision-making (Kowalski-Trakofler et al., 2003; 
Paton & Flin, 1999; Yerkes & Dodson, 1908). For example, moderate 
stress may cause individuals to meet deadlines (Benson & Casey, 2013; 
Jeanguenat & Dror, 2018). However, as stress increases to high levels, 
performance starts to drop (Benson & Casey, 2013; Sehsah et al., 2021; 
Yerkes & Dodson, 1908). For instance, LeBlanc et al. (2005) asked 30 
paramedics to calculate drug dosage after working in a highly stressful 
scenario and found that acute stress increased errors. Hence, it is 
important to ascertain when/if stress can improve or impair forensic 
decision-making. This is an important question to address as the findings 
will contribute to an understanding of how decisions can be optimised 
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and contribute to efficient, accurate and robust crime reconstructions 
(Morgan, 2017). 

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., 2 s 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-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 methodologies 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 uncontrolla
bility approaches produced the greatest stress response in human sub
jects (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 un
predictable 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). 

The aim of this exploratory study was to collect data about the po
tential 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 prior to launching the second exper
iment with fingerprint experts, and it also served as a comparison to 
consider the possible impact of stress on experts relative to novices. 

2. Method 

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 experi
ments. For the difficulty assessment, the fingerprint pairs were pre
sented 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 × 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 × 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 A). 

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 
and mathematical questions, but without time limits and with no feed
back. 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 threat (such as 
feedback messages after answering each question) and uncontrollability 
stress elements (such as time pressure for answering the questions), as 
outlined in (Almazrouei et al., 2022). 

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 manipula
tions (Arora et al., 2010; LeBlanc et al., 2005; Spielberger et al., 1983; 
Tanida et al., 2007). 

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 finger
print assessment (in the first experiment with novices). Here, partici
pants 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). 

The responses of participants who failed one or more attention check 
questions was escalated for manual review. During the review, the re
searchers assessed the response pattern of the participant, such as 
whether they reported the same response throughout the survey 
(Clemmow et al., 2020). We were conservative in excluding a partici
pant’s response, due to the potential risk of bias (Berinsky et al., 2014), 
unless there were clear signs of a lack of attention based on the exclusion 
criteria (e.g., viewing the 5-min video on fingerprint assessment in less 
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than a minute). 

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 potential impact of stress on 
these decisions, the proportions (%) of each category of conclusion was 
calculated (see Appendix A). In addition, response times were recorded 
in Qualtrics without the knowledge of participants. 

2.6. Procedure 

Both experiments followed a between-subjects design, with partici
pants 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 ques
tions and made decisions on six pairs of fingerprints. The six pairs of 
fingerprints 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 manip
ulation was measured with the state scale of State–Trait Anxiety In
ventory (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. 

Novices in the first experiment received a short training on how to 
make fingerprint assessments before starting the actual study. This 
consisted of a 5-min online video tutorial and three exercises on 
fingerprint assessments in which feedback was given (one identification, 
one exclusion and one for inconclusive). 

Ethical approval was granted by UCL Research Ethics Committee 
(#15395/003). This study was not pre-registered; hence, criteria, such 
as those pertaining to excluding participants or cutoffs for interpreting 
the observable findings, were not pre-specified. However, data and 
Qualtrics program survey flow for the study are publicly available in 
OSF (https://osf.io/3mxu9/). In addition, the programmed study 
link—with full access to the study in Qualtrics—can be shared upon 
reasonable request from the corresponding author. 

2.7. Participants 

In the first experiment with novice participants, the participant se
lection 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 = 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 par
ticipants 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 expe
rience 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. 

3. Results 

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. 

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 (t (31) = − 1.48, p = .148). 

3.2. Decisions for same-source evidence 

The findings suggest that stress contributed to a possible improve
ment in fingerprint expert assessments for same-source evidence (see 
Fig. 1). Specifically, stress resulted in an observable increase in identi
fication decisions (47% vs. 55%) and a decrease in exclusion decisions 
(20% vs. 12%)—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 seem to 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 
(71% vs. 54%). Interestingly, stress resulted in similar changes to de
cisions for novices and experts, but only for the overall changes (see top 
chart of Fig. 1). 

3.3. Decisions for different-source evidence 

Overall, stress did not appear to contribute to noticeable decision- 
making changes in either the expert and novice cohorts (see Fig. 2). 
However, the difficulty of the fingerprint assessments played a role in 
this potential negligible effect of stress (consistent with same-source 
findings). For instance, for easy pairs, stress did not seem to influence 
expert decisions or risk-taking at all—a possible sign of ceiling effect. 
However, for difficult pairs, stress appeared to contribute in observable 
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changes that can be categorised as improved performance (i.e., an in
crease of exclusions: 50% vs. 57% and decrease in identifications: 4% vs. 
0%). No clear pattern was discernible for the decisions of novice 
participants. 

3.4. Confidence levels and response times 

On average, nonexperts in the first experiment had moderate confi
dence in making their decisions (M = 59.60; SD = 23.56). In compari
son, fingerprint experts had high confidence in making their decisions in 
the second experiment (M = 89.35; SD = 15.94). Table 1 summarises the 

findings on the potential 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 evi
dence, since we wanted to understand the observable change in these 
decisions further (see bottom left chart of Fig. 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) (see, 
Kukucka et al. (2020)). Similarly, one outlier was also identified and 
excluded in the second experiment. With a single score excluded, nov
ices spent an average of 26.67 s (SD = 26.27; Med = 18.30) on each 

Fig. 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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judgment and experts spent considerably longer with an average of 
128.59 s (SD = 177.40; Med = 68.66) on each decision. Nevertheless, the 
response times remained skewed as assessed by 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 1). 

4. General discussion 

The findings indicate that stress, as induced in this experiment, may 
contribute to an improvement in fingerprint decision-making for both 

novices and experts, but mainly for same-source evidence. These find
ings of this exploratory study 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 mem
ory (Deligkaris et al., 2014). The induced stress level in the current study 
is considered ‘moderate’ because the mean state anxiety scores in the 

Fig. 2. Proportions of decisions on different-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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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. 

It is acknowledged that forensic experts already operate in stressful 
situations, including potentially uncontrollable social evaluative 
threats. A key implication of this preliminary study is that it may be 
useful to monitor the levels of stress of forensic experts and establish 
what may be considered to be moderate stress levels. It may also be 
beneficial to monitor the level of challenge specific tasks represent, as a 
means of considering 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). 

However, it must be emphasized that the stressor used in this study 
did not appear to induce a clear 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 explana
tion 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 nonsignif
icant differences in stress manipulation for experts, as those who were 
possibly most impacted by stress dropped out of the study and did not 
complete it. Yet, since all the experts who did not complete the study 
were from the stress group, this by itself may reflect the effectiveness of 
the stress manipulation and warrant further study. 

Stress did not appear to have a noticeable effect on fingerprint expert 
risk-taking, since the proportions of inconclusive decisions was com
parable in the stress and control condition for both the same-source and 
different-source evidence. However, when the same-source prints were 
challenging, there appeared to be a trend that stressed experts were 
more conservative than non-stressed experts. Specifically, stressed ex
perts 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 perfor
mance 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 (Mannering et al., 2021). 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 
(Mannering et al., 2021; Ulery et al., 2011). 

As expected, fingerprint experts seemed to perform better than 
novices under stress and under no-stress (see Figs. 1 and 2). Experts took 
more time in making their judgments—on average, they spent about five 
times longer in making their judgments compared with novices. 

Moreover, the stressor in this study appeared to have a noticeable 
contribution to 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 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 possible trend of 
improved performance for novices was similar to experts for same- 
source evidence; see Fig. 1). Even so, whilst previous research found 
that even minimal training in fingerprinting to novice participants was 
effective—reporting that trained novice participants performed signifi
cantly better on fingerprint assessments than untrained students—their 
performance remained substantially lower than fingerprint experts 
(Stevenage & Pitfield, 2016). 

Whilst it appears that novices potentially outperformed experts in 
making more identifications for difficult same-source evidence, this 
could be due to experts being less risk taking in reaching conclusive 
judgments. Experts seemed to consistently report more inconclusive 
decisions than novices for both the difficult same-source and different- 
source fingerprint pairs, regardless of the stress condition. Indeed, pre
vious 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 (N = 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 2.2). Hence, on these occa
sions, 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 assess
ments, opting for inconclusive decisions is what examiners tend to do 
depending how these are scored (Dror & Scurich, 2020). The scoring of 
the inconclusives decisions is tricky (Dror & Langenburg, 2019). See 
Dror and Scurich (2020) for possible ways to score them even when 
there is no scientific criteria to assess when these decisions are correct 
and when they are erroneous. 

These initial exploratory findings offer insight that may contribute to 
a greater understanding of the relationship between stress and decision- 
making in forensic science. However, further experimental studies are 
needed to establish if there is a direct causational effect, and how such 
studies may contribute evidence to the new science of ‘well-being’ 
(Layard & De Neve, 2023a; 2023b). In addition, the study design has 
limitations that may limit its generalizability. First, this study is con
ducted online and therefore naturally induced less stress than real-life 
stress at work (Almazroueiv et al., 2022). In addition, being online, 
the fingerprinting task itself was different to casework conditions where 
fingerprint analysis is usually carried out in a workplace setting. Argu
ably, the working culture may also affect stress levels (Almazrouei et al., 
2020), and can be related to practitioners’ decision-making (Lidén & 
Almazrouei, 2023). Hence, the findings from the experts who partici
pated in this study are not necessarily generalizable to all contexts and 
other pattern recognition tasks. 

Second, the stress task did not reflect the precise stressors that 
forensic practitioners face at work. The stressor in this study included 
general knowledge and mathematical questions, which may have caused 
participants to be anxious or embarrassed about their performance on 
trivia questions. This may have engaged different psychological pro
cesses than stressors forensic practitioners encounter in the workplace 
(e.g., emotional responses from math anxiety that is linked with working 
memory (Caviola et al., 2017)). However, practitioners may face situa
tions with uncontrollable social-evaluative elements that approximate 
to the intended stress feelings induced from the stress task employed in 
this study. For example, in the medical domain, stressors can arise from 

Table 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 = 52,790.50, 
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 for difficult 
same-source evidence 

72.77 
(23.76) 

89.71 
(13.84) 

t (18.12) =
− 2.29 

p =
.034 

RT (sec, mean rank) 110.02 94.94 U = 4368.00, z 
= − 1.83 

p =
.068  
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unexpected visitors during time-pressurized procedures (Schuetz et al., 
2008). In the forensic science discipline, these situations might occur 
when there is unexpected managerial audit to the forensic work, or from 
external auditors to ISO 17025/17020 accreditations. 

Third, the approach taken to assess changes in the fingerprint de
cisions (not the confidence levels or response times; see Sections 3.2 and 
3.3) that followed some previously published studies (e.g., Langenburg 
et al., 2009) may have introduced subjectivity and potentially increased 
the risk of bias in the interpretation of the results. 

Fourth, 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. Hence, 
future research may consider looking into individual-level differences 
and how they relate to decision-making. One way to achieve this could 
be using behavioral economics paradigms (Levy et al., 2010), which 
have been used in the medical domain to assess when physicians 
describe a treatment to patients (Saposnik et al., 2017; Wiechers et al., 
2014), or assess individuals’ choices that could lead to obesity (Dan 
et al., 2021). 

However, the data and initial findings of this study offer insight into 
the potential contribution of stress to decision-making in forensic sci
ence. By using established stressors of uncontrollable social-evaluative 
threats (see meta-analysis in Dickerson & Kemeny, 2004), this explor
atory study addresses limitations of previous studies, such as the use of 
unreasonably short time pressures as a type of stressor (e.g., Stevenage & 
Bennett, 2017), or not including inconclusive decisions (e.g., Zou et al., 
2021). Further, this study contributes evidence to the issue of consis
tency in forensic expert decision making (Dror, 2023) when stress fac
tors are involved, thus hopefully driving efforts to understand the 
complexity of human factors to enhance decisions under either low or 
high stressing conditions. With better understanding of stress, even in an 
online research environment, it will be possible to identify alternative or 
modified approaches to optimize the transparency of decision making 
(Almazrouei et al., 2019; Almazrouei, 2020; Giurge & Bohns, 2021). 

5. Conclusion 

This exploratory study offers insights that indicate a complex rela
tionship between stress and forensic expert decision-making. 
Specifically:  

• Stress appeared to contribute to an improved performance of both 
novices and experts on fingerprint assessments, but mainly for same- 
source evidence.  

• Stress did not seem to have an overall observable effect on the risk- 
taking of experts, measured through inconclusive decisions. How
ever, when the same-source prints were difficult, experts under stress 
tended to exhibit less risk-taking by reporting more inconclusives 
than the control group.  

• Fingerprint experts appeared to perform better than novices under 
stress and under no-stress.  

• The stressor utilized in this study appeared to contribute to an impact 
on the overall confidence levels and response times of novices, but 
less so for experts. 

This study demonstrates that stress may contribute to an improved 
performance of individuals in making decisions in a fingerprint com
parison task. This study draws attention to the potentially positive 
impact of stress, and opens up avenues for research to explore the drivers 
and mechanisms of the contribution of stress in order to inform practice. 
Further research may offer additional insight as to whether there is value 
in forensic experts experiencing momentary stress, and ensuring work
ing environments create opportunities for challenge and variability of 
forensic tasks performed by experts. In addition, exploring the impact of 
in-person experimental stressors which may be more reflective of 
stressors within the workplace may offer additional insight to the 
contribution of stress to decision-making. This study also highlights the 
importance of considering the risk-taking of experts, measured through 
inconclusive decisions, when assessing performance in stressful 
situations. 
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Appendix A. Fingerprint decision-making of novices and experts  

A-1 
Novices  

Pair ID-C ID-S Ex-C Ex-S Inc-C Inc-S Total-C Total-S 

Same-Source Evidence 
A0 8 7 5 8 16 10 29 25 
B0 19 22 7 3 5 2 31 27 
C0 0 1 13 7 20 19 33 27 
D0 10 12 17 11 4 4 31 27 
E0 15 13 16 13 0 2 31 28 
F0 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 
C1 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 
F1 16 10 11 11 3 8 30 29  

28.3% 21.8% 50.6% 47.3% 21.1% 30.9% N = 180 N = 165  

M.A. Almazrouei et al.                                                                                                                                                                                                                        



Forensic Science International: Mind and Law 4 (2023) 100125

8

A-2 
Experts  

Pair ID-C ID-S Ex-C Ex-S Inc-C Inc-S Total-C Total-S 

Same Source Evidence 
A0 1 0 2 0 6 8 9 8 
B0 1 1 5 5 2 1 8 7 
C0 1 1 1 0 5 8 7 9 
D0 5 9 0 0 1 0 6 9 
E0 9 10 2 1 0 0 11 11 
F0 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 0 0 6 9 1 1 7 10 
B1 1 0 6 8 1 3 8 11 
C1 0 0 0 0 9 9 9 9 
D1 0 0 10 9 0 0 10 9 
E1 0 0 5 7 0 0 5 7 
F1 0 0 8 11 0 0 8 11  

2.1% 0.0% 74.5% 77.2% 23.4% 22.8% N = 47 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; A0 = same-source pair of latent print A; A1 = different-source pair of latent print A. 
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