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ARTICLE

Training and experience influence the consequences of anxiety 
during performance. A study of two groups of British firearms 
officers during bi-annual testing
Jolyon Faro , Caren A Frosch and Doug J. K. Barrett

Department of Neuroscience, Psychology and Behaviour, University of Leicester, Leicester, United Kingdom

ABSTRACT
Experience is positively related to performance, but it is less clear whether 
experience might also minimise the deleterious effects of anxiety and 
arousal in stressful situations. One hundred and twenty-seven UK firearms 
officers of different experience levels participated in an experiment exam-
ining the extent to which anxiety affects performance during a bi-annual 
qualification shoot. Performance and anxiety were compared on a low- 
arousal development shoot and a high-arousal qualification shoot; quali-
fication shoot failure would result in removal from operational duties. 
Heart rate and responses to the State-Trait Anxiety questionnaire were 
examined in relation to shooting performance. Less experienced officers 
demonstrated significantly higher baseline corrected mean heart rates, 
higher anxiety levels and lower accuracy than their more experienced 
counterparts, who maintained accuracy, despite a significant increase in 
heart rate during the qualification compared to the development shoot. 
The results, some of the first to examine British firearms officers in their 
natural training environment, suggest experience reduces the physiologi-
cal impact of arousal on performance in pressurised situations. We discuss 
options for reducing the impact on performance in less experienced 
officers.
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Introduction

The current threat of terrorism in the UK has required an increase in the number of Police who are 
Authorised Firearms Officers. The latest Home Office (2019), indicate there were 125,793 police 
officers in the UK. Of these, 6,653 were armed, which distinguishes the UK Police Service from 
those on the continent, USA and Canada where the majority of officers are armed. Police officers in 
the UK volunteer to undertake a rigorous selection and training program before they are authorised 
to deploy with firearms. Within the domain of firearms, there are several different operational roles; 
in this study, we have focussed on the performance of Authorised Firearms Officers (AFO) and 
Armed Response Vehicle (ARV) Officers. The central role of an AFO is high visibility static or 
mobile patrols of protected areas, airports, railway stations, military establishments and govern-
ment buildings, along with a support role to ARV officers in extreme circumstances. ARV officers 
respond to situations involving weapons or extreme violence, such as planned arrests of armed/ 
violent offenders. During their initial training, AFO and ARV Officers receive similar standards of 
handgun training. Both AFO and ARV officers then complete the National Handgun Qualification 
Shoot (College of Policing, 2014). The only difference is the pass mark; 70% and 80% respectively. If 
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successful, officers move to a tactical phase of initial training. Following successful completion of 
the course, officers undertake a biannual qualification shoot as part of mandated continuation 
training (College of Policing, 2014). If an officer fails qualification, they are removed from opera-
tional duties and must undertake a period of development before being retested. Further failure 
results in withdrawal from the firearms team and a return to unarmed duties.

The training AFO and ARV officers receive is governed by the National Police Firearms Training 
Curriculum (NPFTC), which is overseen by the College of Policing. The majority of the curriculum 
focusses on physical and technical skills, as well as the tactical requirements of operating as a firearms 
officer. Potential effects of anxiety and stress on officers’ operational effectiveness are covered only 
briefly and few empirical studies have sought to investigate the relationship between anxiety and 
performance during training. Among these, Boulton and Cole (2016) and Roberts and Cole (2018) 
compared AFOs with different levels of experience using a Cognitive Task Analysis methodology to 
identify and explain the decisions during operational and training scenarios. Cognitive Task Analysis 
is described by Militello et al. (2015) as an effective method to extract details of judgements and 
decisions during, or just after incidents of significant challenge, such as armed confrontations or 
situations of high threat or risk. The analysis found those with more experience were significantly 
more flexible in their ability to react dynamically to threats (Boulton & Cole, 2016).

The current study investigates the relationship between anxiety and performance during the bi- 
annual qualification for AFO and ARV officers in the UK. The qualification shoot presents the 
officer with a situation that is likely to induce anxiety. Anxiety is often differentiated in terms of 
a state or trait. State anxiety describes a transient emotional response to a situation that challenges 
the individual’s capacity to cope (Campbell & Ehlert, 2012; Chung et al., 2005). Trait anxiety 
describes a stable predisposition to interpret situations as challenging (Meijer, 2001). Our use of the 
term focusses on anxiety as a temporary psychological response to a perceived threat (Eysenck et al., 
2007). State anxiety is associated with heighten physiological arousal (Hardy & Hutchinson, 2007); 
influencing the autonomic nervous system and triggering a complex interaction between beha-
vioural and cardiovascular processes (Anderson et al., 2019; Kayihan et al., 2013). These reactions, 
highly individual in nature (Selye, 1953), include increased heart rate, blood glucose levels, 
adrenalin (Baldwin et al., 2019; Hope et al., 2015) and effects on working memory (Morgan et al., 
2007). The physiological symptoms associated with state anxiety are very similar to those seen in 
response to stress. For anxiety these responses are the result of internal challenges (Nieuwenhuys & 
Oudejans, 2017; Robinson et al., 2013; Vickers & Williams, 2007), whereas for stress they are the 
result of external factors (Roger, 2016; Selye, 1956). The qualification shoot is likely to result in both 
state anxiety and stress due to the internal pressures (worry about the consequences of failure) and 
the external pressures elicited by the environment. However, given that the officers taking part in 
this study are familiar with the environment and the process of the qualification, we expect the 
internal pressures to have a more pronounced effect than the stress elicited by being on a shooting 
range they are familiar with.

For firearms officers, effective and accurate performance requires the combination of cognitive and 
motor skills (Kantak & Winstein, 2012; Ortega & Wang, 2018; Vickers & Williams, 2007). The 
relationships between anxiety, physiological arousal and skilled performance have been characterised 
in several ways: first as an inverted U-shape (see Figure 1) and second, as an interaction between 
situational variables and individual factors such as cognitive resources and motivation (see Figure 2). 
These two classes of theory provide a framework for understanding the way psychological anxiety and 
physiological arousal impact an individual’s performance in different situations (Giessing et al., 2019).

A number of theories describe the relationship between anxiety and performance as an inverted 
U-shape. These include: The Hull Spence Drive Theory (Hull, 1951); The Theory of Mental Effort 
(Kahneman, 1975); General Adaptation Syndrome (Selye, 1952) and; The Yerkes-Dodson Law 
(Yerkes & Dodson, 1908). According to these theories, maximum performance is obtained at 
medium levels of arousal. Both high and low levels of arousal are associated with lower levels of 
performance. The function describing this relationship describes a positive influence of anxiety on 
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performance up to a certain point (Vickers et al., 2017; Vickers & Williams, 2007). Factors 
explaining this association include improved alertness (Nibbeling et al., 2014) and cognitive control 
(Andersen & Gustafsberg, 2016; Robson & Manacapilli, 2011; Staal, 2004). However, as anxiety 
increases, its impact on performance becomes detrimental (Ortega & Wang, 2018). Muse, Harris 
and Feud (2003) evaluated the predicted curvilinear association between anxiety and performance 
in different occupational settings. They concluded that the inverted U hypothesis captured the 
general form of the association across different types of skilled behaviour. Current research 
continues to support this relationship in both military (e.g., Nibbeling et al., 2014) and police 
settings (e.g., Nieuwenhuys & Oudejans, 2010).

The theories above suggest a simple curvilinear relationship between performance and arousal. 
However, they do not directly address the relationship between arousal, psychological stress and the 
cognitive processes that mediate performance in stressful situations. Attentional Control Theory 
(ACT: Eysenck et al., 2007) provides an explanatory model of the relationship between anxiety and 
performance. According to ACT, anxiety modulates an individual’s ability to prioritise goal- 
relevant information during perceptual and post-perceptual processes, such as working memory 
and the planning and execution of movements (Beilock et al., 2008; Eysenck et al., 2007). As anxiety 
increases, the individual’s ability to select and respond to task-relevant events becomes compro-
mised by interference from threat-related information, which impacts short-term memory and 
executive control during decision-making and the planning and execution of action (Derakshan & 
Eysenck, 2009)(see Figure 2).

Anxiety-related decreases in performance are concomitant with high-levels of physiological 
arousal as well as changing patterns of activation in the amygdala and dorsolateral prefrontal cortex 
of the brain (see Bishop et al., 2004). These are thought to reflect interactions between neural 
regions associated with emotional processing and executive processes involved in the evaluation of 
sensory information and scheduling of appropriate responses. According to ACT, behaviour and 

Figure 1. A typical performance curve, as suggest by Yerkes and Dodson(1908)
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Figure 2. A diagrammatical representation demonstrating the flow and the link between stress, anxiety and physiological arousal, 
running through the cognitive processes behind performance based upon ACT, adapted from Anxiety and Cognitive perfor-
mance: A test of Attentional Control Theory, Edwards (2015).
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action requiring high levels of cognitive control are most susceptible to interference from task- 
irrelevant information, particularly when the task or situation is characterised by threatening or 
aversive stimuli and events (Cocks et al., 2015; Eysenck & Calvo, 1992; Eysenck et al., 2007).

The theoretical models above provide a conceptual framework for understanding the relation-
ship between levels of anxiety, arousal and performance during skilled behaviour. The emphasis on 
cognitive control in ACT, also suggests an important outcome of training is to minimize the 
susceptibility of executive processes to interference during high-anxiety situations (Beilock et al., 
2002; Robinson et al., 2013). The cognitive control structures that characterise different phases of 
learning are explained in Fitts and Posner’s Theory of Skill Acquisition Fitts and Posner (1967). 
They describe a three-phase model in which individuals progress from a cognitive to an associative 
and then automatic phase of learning. Building on Fitts and Posner’s theory, Wulf et al. (2001) 
suggested the mental effort required to maintain cognitive control during skilled performance is 
higher in the cognitive, than subsequent phases of learning. During the cognitive phase, skill 
acquisition is slow, serial and requires a focus on the planning and execution of movements and 
their consequences (Furley & Wood, 2016; Schneider & Chein, 2003). Within the first two phases, 
concern about the individual’s ability to respond to the situation is also likely to elicit anxiety 
(Beilock et al., 2008; Ducrocq et al., 2016). However, as coordination between cognitive control and 
motor responses improve, demands on working memory and executive processes decrease (Fitts & 
Posner, 1967). With practice and experience, the coordination of movement becomes procedur-
alised (Vast et al., 2011); freeing short-term memory and executive resources during decision 
making (Angel et al., 2012), and reducing the impact of anxiety on performance (Beilock et al., 
2002). As the individual attains the final phase of learning, the impact of anxiety on cognitive 
control ameliorates, as automatic behaviours are less sensitive to interference from task-irrelevant 
internal and external stimuli (Schneider & Chein, 2003). Following extended practice and training, 
task performance in anxiety-provoking situations is subserved by fast, efficient control processes 
that place minimal requirements on attention and working memory (Boulton & Cole, 2016; 
Eysenck et al., 2007). Indeed, findings from a number of studies suggest high-stress training 
scenarios lead to improved firearms accuracy during operational situations (Morrison & Vila, 
1998; Nieuwenhuys et al., 2009; Nieuwenhuys & Oudejans, 2010). Benefits in accuracy associated 
with this type of training are comparable to performance gains in experienced compared to 
inexperienced officers (Morrison & Vila, 1998; Nieuwenhuys et al., 2009; Nieuwenhuys & 
Oudejans, 2010).

The models above suggest experience is likely to reduce the effects of anxiety on firearms officers’ 
performance during training and in operational situations. However, only 5.5% of serving police 
officers in England and Wales are authorised and trained to carry firearms (Home Office, 2019), and 
research in a British context is extremely limited. Recent studies in Europe and the USA support 
a negative association between anxiety and police officers’ firearms accuracy during simulated high- 
threat situations. For example, Oudejans (2008) and Taverniers et al. (2011) observed a decrease in 
firearms accuracy in training scenarios when officers could be shot by a role player armed with paint 
marker rounds compared to those in which they could not. In addition, researchers examining 
police officers’ handgun shooting have found individuals with higher anxiety devote more mental 
effort to sustain or improve their performance (Nieuwenhuys & Oudejans, 2017, 2011; Wood et al., 
2016). High-levels of anxiety are associated with a significant decline in accuracy, with officers 
missing targets on up to 60% of initial shots (Artwohl & Christensen, 1997; Boulton & Cole, 2016; 
Nieuwenhuys & Oudejans, 2017).

Other researchers have observed a direct association between heart rate and firearms accuracy 
among police officers (e.g., Brisinda et al., 2015; Landman et al., 2015). These findings suggest 
increased heart rate indicates anxiety-induced autonomic nervous system activation during police 
tactical training (see also Wheat & Larkin, 2010). A further influence over performance was 
observed by Konttinen et al. (1998) and Ortega and Wang (2018), who found experienced 
individuals were able to reduce the impact of changes in heart rate on firearms accuracy during 
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competition shooting. Whilst several of the studies above highlight the effects of anxiety on firearms 
accuracy, what appears to be missing is a detailed understanding of the way training and experience 
influence this relationship during the development of firearms skills.

The current study aimed to investigate the effect of anxiety on the accuracy of firearms officers 
with different levels of experience during a biannual qualification shoot. The biannual qualification 
is a pass-or-fail assessment. Failure results in a withdrawal from operational duties until they 
complete two development sessions and re-take their qualification. Continued failure results in 
the permanent withdrawal from firearms operations, which is generally considered a demotion in 
terms of career progression and professional status. As such, the biannual qualification is likely to 
elicit anxiety among officers, particularly those who are newly qualified and still developing and 
consolidating their weapons handling and shooting skills (Stöber & Pekrun, 2004). By recording 
officers’ performance during a regular training session that included a development (low arousal) 
and a qualification shoot (high arousal), the study sought to assess the impact of anxiety and 
physiological arousal on the performance of officers with different levels of experience. We 
predicted higher levels of anxiety and physiological arousal during qualification among newly 
qualified AFO than more experienced ARV officers. The focus of the study was whether levels of 
experience reduce the effects of anxiety and arousal on firearms accuracy during training and 
qualification.

Method

Participants

One hundred and twenty-seven qualified firearms officers participated in the study. Officers were 
grouped according to their operational assignment and experience; AFO (n = 47) and ARV (n = 80). 
There were five women (all ARV officers) and 122 men and Table 1 summarises the age and 
experience of each group. Participation was voluntary, and the study was approved by the School of 
Psychology Ethics Committee at the University of Leicester.

Independent samples t-tests indicated age, t(.83) = 125, p = .409, and years of service, t 
(1.27) = 125, p = .208, were not significantly different in the AFO and ARV groups. As expected, 
the operational distinction between groups was reflected by a significant increase in firearms 
experience in the ARV compared to AFO officers, t(−9.03) = 125, p < .001, Cohen’s d = 2.0, 
a large effect (Cohen et al., 1983).

Design

The study used a 2 × 2 mixed design with operational assignment a between-subjects variable (AFO 
versus ARV) and level of anxiety as a within-subjects variable (low anxiety – development vs. high 
anxiety – qualification session). The dependent variable was the accuracy of officers’ shots across 
five shooting elements. Perceived anxiety levels were measured before the qualification session and 
officers’ heart rate was recorded constantly throughout the duration of both sessions to measure 
physiological arousal. Heart rate and anxiety were used to measure changes in physiological arousal 
and anxiety in AFO and ARV groups and measure the impact of changes on firearms accuracy 
during training and qualification.

Table 1. Demographic information by group means (standard deviations in parenthesis).

Group

Descriptive Statistics

Age Years in Police Years as a Firearms Officer

AFO (N 47) 37 (5.9) 11.62 (5.3) .732 (.15)
ARV (N 80) 36.1 (6.3) 12.81 (5.1) 7.29 (4.9)

POLICE PRACTICE AND RESEARCH 5



Materials

The study was conducted on a small-arms range familiar to the participants. The Glock handgun 
and 9 mm ammunition used were the same as those officers deploy with operationally. The target is 
illustrated in Figure 3. Officers’ accuracy was calculated by scoring rounds falling within the ‘centre 
mass’ (the inner circle). Each scoring shot was counted as one to produce a maximum score of 40. 
Pass marks for the AFO and ARV groups are 70% and 80% respectively.

Heart rate (HR) was measured using Polar H7 heart rate monitors with individual Bluetooth 
frequencies using Polar team® software. The H7 model has been found to be as accurate as an ECG 
(Electrocardiogram; Plews et al., 2017) and provides a reliable measure of heart rate in challenging 
environments (i.e., tactical training, team dynamics and athletic events; Domyancic et al., 2008; 
Hope et al., 2012; Pasadyn et al., 2019).

Anxiety was measured using the Spielberger Short (six item) State/Trait Anxiety Inventory 
(STAI; Marteau & Bekker, 1992; Tluczek et al., 2009). The original Spielberger (1983) STAI has 
been found to have good internal consistency and reliability in over 800 studies (see Barnes et al., 
2002). Scores on the six-item scale correlate highly with those on the 20-item scale and also 
demonstrate high levels of internal consistency (Cronbach’s α = 0.82) and validity (Tluczek et al., 
2009). Responses are measured on four-point Likert type scale (1 = not at all, 2 = somewhat, 
3 = moderately, 4 = very much) for a series of statements (I feel calm; I feel tense; I am upset; I feel 
relaxed; I feel content, and I am worried). Scores on the six-item scale are transformed to a range 
between 20 and 80, which is comparable to scores from the full scale (Marteau & Bekker, 1992). 
Normative scores for healthy adults fall between 32–36 (Julian, 2011).

Figure 3. Police Shooting Target. Officers are expected to aim for ‘centre mass’ indicated by the area inside the smaller circle.
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Procedure

Participants completed the development and then the qualification session in a single day. Before 
each session, a Police Firearms instructor delivered a range-safety briefing that included a statement 
from officers declaring themselves fit-to-train and consenting to participate in the study. Weapons 
and ammunition were collected from the armoury and officers were fitted with heart rate monitors, 
which were checked to ensure heart rate was being recorded. Development and qualification 
sessions contained the same five shooting elements, which were run in the same order for all 
participants. Elements are designed to evaluate different aspects of officers’ target acquisition, 
accuracy and overall firearms skill. Scores were recorded once each session was complete, with 
officers required to achieve a score indicating competence to pass. For example, detail one consists 
of six exposures and AFOs must score a minimum of four hits on the target (College of Policing, 
2014). To standardise the range environment across sessions, coaching that is usually provided 
during development was withheld. The STAI was administered prior to the first element of the 
qualification session. Baseline heart-rate was recorded and measured immediately after the range 
safety briefing for each session. Officers’ heart rates were then recorded constantly during each 
session finishing at the end of the final detail. To measure changes in physiological arousal, baseline 
heart-rates were subtracted from mean heart-rate (beats per minute) recorded during the develop-
ment and qualification sessions. In contrast to baseline corrected measures of peak heart-rate 
(Buchheit, 2014), this quantifies a change in physiological arousal over the temporal period that 
firearms accuracy was assessed (Regehr et al., 2008). AFO and ARV officers attended the range on 
separate days and the same certified firearms instructors managed the environment for both groups.

Results

Table 2 presents mean (standard deviation in parenthesis) baseline corrected heart rate, STAI scores 
and accuracy in the AFO and ARV groups.

Group differences in STAI scores and heart rate by session?

Initial analyses were designed to measure group-differences in the independent variables of the 
study. Anxiety among AFO and ARV officers was compared using an independent samples t-test on 
STAI scores. The result revealed a statistically significant increase in anxiety among AFO compared 
to ARV officers (Mdifference = 10.4; t(91.29) = 7.49, p < .001, Cohen’s d = 1.45) (Cohen et al., 1983). To 
measure group-differences in physiological arousal, baseline corrected heart rates were subject to 
a 2 × 2 ANOVA, with group (AFO vs. ARV) and session (development vs. qualification) as between 
and within-subjects factors respectively. The analysis yielded significant main effects of group 
(F1,125 = 20.38, p < .05, ηp

2 = .14) and session (F1,125 = 20.96, p < .05, ηp
2 = .14). The Group by 

Session interaction did not reach statistical significance (F1,125 = 1.63, p > .05, ηp
2 = .0.01). Figure 4a 

illustrates higher mean baseline corrected heart-rates in the AFO than the ARV groups during both 
Development and Qualification sessions.

Table 2. Mean baseline corrected heart rate (BC-HR), accuracy and STAI scores for the two groups of officers during development 
and qualification sessions (standard deviations in parenthesis).

BC-HR Accuracy (Central-Mass) STAI

Group Development Qualification Development Qualification Qualification

AFO 18.85 (11.14) 29.47 (13.03) 30.7 (3.5) 27.5 (3.6) 46.5 (7.4)
ARV 10.20 (13.80) 16.19 (2.36) 35.7 (3.1) 35.8 (3.1) 36.1 (6.9)

Total accuracy possible = 40. STAI Healthy Adult Anxiety levels 32–36

POLICE PRACTICE AND RESEARCH 7



Group differences in accuracy?

Next, we assessed differences between the two groups on the dependent variable; firearms 
accuracy. A 2 × 2 ANOVA with group (AFO vs. ARV) and session (Development vs. 
Qualification) as between and within-subjects factors respectively, yielded main effects of group 
(F1,125 = 165.10, p < .001, ηp

2 = .57) and session (F1,125 = 24.58, p < .001, ηp
2 = .16). Mean 

accuracy was higher for ARV than AFO officers and higher in the development than the 
qualification session. The effect of session on the two groups was also markedly different, 
producing a significant Group by Session interaction (F1,125 = 27.39, p < .001, ηp

2 = .18). The 
interaction is illustrated in Figure 4b, which reveals comparable levels of accuracy across 
sessions in the ARV group (M = 0.09, p > .05: Tukey HSD) and a marked decrease in accuracy 
on the qualification compared to the development session in the AFO group (M = 3.23, 
p < .001: Tukey HSD).

The analyses above reveal a smaller increase in baseline corrected heart rate on the qualification 
than the development session and lower levels of anxiety among the more experienced ARV than 
AFO officers during qualification. Accuracy was also significantly higher for ARV than AFO 
officers, with the former able to maintain firearms accuracy despite a significant increase in 
physiological arousal during qualification. These data suggest ARV officers were able to negate 
the effects of anxiety/arousal on firearms accuracy during the qualification session. To explore the 
relationships between operational status and performance more closely, we computed a multiple 
regression on accuracy with group (ARV vs. AFO) as a categorical variable, and baseline corrected 
mean heart rate and STAI as continuous variables.

The regression model predicted 61% of the variance in firearms accuracy on the Qualification session 
(R2 = .61; F3,123 = 63.16, p < .001). Group significantly predicted accuracy (β = −3.86, p < 0.001) while the 
regression coefficient for heart rate approached statistical significance (β = −.03, p = .07). The regression 
coefficient for STAI was not statistically significant (β = −.01, p = .73). The additive model indicates 
officers’ operational status had the biggest impact on firearms accuracy during the qualification shoot. 
Across groups, the reduction in accuracy associated with heart rate also approached significance. To 
investigate potential differences in the effect of physiological arousal on the accuracy of AFO and ARV 
officers, we computed a second regression to model the interaction between Group and baseline 
corrected mean heart rate. This model predicted 62% of the variance in firearms accuracy during 
qualification (R2 = .62; F3,123 = 66.79, p < .001). Regression coefficients for group (β = −2.78, p < 0.001), 
heart rate (β = −.06, p = .005) and the Group by Heart rate (β = −.04, p < .05) interaction all reached 

Figure 4. A) Baseline corrected mean heart rate (bpm) and B) accuracy for ARV and AFO officers on the development and 
qualification sessions. Error bars denote standard errors of the means.
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statistical significance. The significant interaction is illustrated clearly in Figure 5a, with the negative 
slope of the best-fitting regression line for baseline corrected heart rate on accuracy much steeper for 
AFO than more experienced ARV officers.

The analyses above indicate variability in STAI scores was not a significant predictor of officers’ 
accuracy. To measure the association between self-reported anxiety on the STAI and physiological 
arousal, we computed an additional regression, which yielded a significant equation (R2 = .10; F 
(1,125) = 13.21, p < .001). Self-reported anxiety explained 10% of the variability in officers’ heart rate 
on the qualification shoot, which is a small effect (Cohen et al., 1983). For every unit increase in 
reported anxiety, baseline corrected mean heart rates increased by 0.13 beats per minute. These 
findings confirm a significant association between psychological measures of arousal and physio-
logical anxiety in our sample, while cautioning against their treatment as comparable predictors of 
firearms accuracy among officers with different levels of training.

Discussion

The current study investigated the way experience influences the relationships between anxiety, 
physiological arousal and officers’ accuracy during a development (low arousal), and qualification 
shoot (high arousal). Participants were all UK firearms officers who had received the same standard of 
initial handgun training (College of Policing, 2014) but differed in terms of their operational assign-
ment and firearms experience. Comparisons between AFO and ARV officers revealed significant 
differences in physiological arousal and firearms accuracy. Heart rates were significantly higher 
amongst AFO than more experienced ARV officers during both development and qualification. 
Heart rate has been identified as a key indicator of physiological arousal (Anderson et al., 2019; 
Buchheit, 2014) and our results support a reciprocal relationship between physiological arousal and 
accuracy during the qualification session. Importantly, the magnitude of the relationship was influ-
enced by level of experience, with the decline in accuracy associated with increased heart rate 
significantly larger in AFO than ARV officers. In our sample, operational assignment and firearms 
experience was the largest predictor of accuracy during qualification. The maintenance of high-rates or 
accuracy in the ARV group despite an increase in heart rate, is consistent with previous evidence that 
experience reduces the negative impact of physiological stress on firearms accuracy (e.g., Chung et al., 
2005; Ortega & Wang, 2018). In terms of the performance curve suggested by Yerkes and Dodson 
(1908), our findings suggest experience scales the curvilinear association between physiological arousal 

Figure 5. Best-fitting regression lines for bivariate associations between STAI score, baseline corrected heart rate and accuracy for 
ARV and AFO officers in the Qualification session.
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and performance by extending the region in which firearms accuracy is optimised (Hope et al., 2012; 
Tenan et al., 2017). According to this interpretation, the increase in heart rate among ARV officers 
during qualification falls within the region in which cognitive control and performance are maximised. 
In contrast, the significantly larger increase in heart rate among AFOs during qualification, indexes 
a level of arousal that interferes with cognitive control and reduces officers’ firearms accuracy.

The preservation of accuracy despite increased heart rate in experienced firearms officers is also 
consistent with the predictions of ACT (Cocks et al., 2015; Eysenck & Calvo, 1992; Eysenck et al., 
2007) and Skills Acquisition Theory (Fitts & Posner, 1967). As the officer becomes more experi-
enced, cognitive demands associated with firearms competence reduce, freeing up resources to deal 
with anxiety and physiological stress (Suss & Ward, 2010). In terms of skills acquisition, learning in 
the most experienced officers should be automatic, with proceduralised firearms skills operating in 
the absence of direct cognitive control (Vast et al., 2011). This level of learning frees up cognitive 
resources to manage psychological responses to anxiety and ensure consistent performance in high- 
arousal conditions. A similar conclusion was reached by Landman et al. (2015), who found 
experienced Dutch Police officers were able to maintain firearms accuracy in situations designed 
to elicit low and high levels of arousal. These results offer further support for the assertion that 
experience establishes automaticity during skilled performance, which frees cognitive resources 
during the planning and execution of behaviour; increasing the individual’s confidence and redu-
cing levels of anxiety in challenging situations.

In addition to changes in heart rate, our data revealed a significant increase in the level of anxiety 
among AFO compared to ARV officers during the qualification session. In contrast to heart rate, 
our prediction that high levels of anxiety would be associated with a reduction in accuracy was only 
partially supported. The regression examining the relationship between self-reported anxiety on the 
STAI and physiological arousal revealed a small positive association. However, variability on STAI 
scores was not a reliable predictor of firearms accuracy in our sample. This may reflect the indirect 
nature of subjective reports of anxiety, which may be prone to social desirability response bias (e.g., 
Vine et al., 2016). Several researchers have distinguished between physiological responses to stress 
and subjective feelings of anxiety. For example, Sommerfeldt et al. (2019) examined differences 
between physiological and psychological indicators of well-being in a large sample (N = 1065) and 
concluded heart rate was a far stronger indicator of anxiety than psychological measures. 
Furthermore, Nibbeling et al. (2014), concluded heart-rate was a more direct predictor of perfor-
mance in high-pressure situations, but that experience reduced its influence in a sample of Dutch 
soldiers. Our data support these results, and suggest changes in heart rate provide a more reliable 
predictor of performance than self-reported anxiety. Furthermore, a meta-analysis of physiological 
and psychological responses by Campbell and Ehlert (2012) observed a desynchrony between 
cognitive, emotional and physiological responses based upon a number of factors, including 
experience and confidence. They concluded that the stress response was complex in nature and 
involved multiple interactions. Taken together, these results caution against direct comparisons of 
physiological arousal and psychological anxiety and their impact on skilled performance. In 
contrast to heart rate, variability on self-reported measures is likely to reflect differences in the 
way individuals evaluate their ability to perform in stressful circumstances (Regehr et al., 2008), as 
well as the social consequences of failure or weakness among colleagues and superiors.

Our results indicate experience enables officers to maintain firearms accuracy across different levels 
of physiological arousal. The extent to which this ability transfers to operational situations is likely to 
require further research, as some researchers (e.g., Head et al., 2017) have argued structured range 
sessions are insufficiently challenging to establish generalisable levels of learning. Our data suggest 
changes in assessment of firearms accuracy is enough to elicit measurable changes in anxiety and 
physiological arousal during range sessions. As Petersson et al. (2017) highlight, it would not be until the 
officer becomes involved in a potentially life or death situation that their ability to perform will be tested. 
However, developing progressive training schedules that promote automatic levels of performance is 
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likely to enable officers to maintain firearms accuracy in less structured training and operational 
scenarios.

Conclusion

The aim of this study was to investigate the effect of anxiety on the accuracy of firearms officers with 
different levels of experience during a biannual qualification shoot. Our results suggest training should 
be used to increase the confidence and skills of AFOs, given that this group of officers was impacted by 
the anxiety of the qualification in a way that the more experienced ARV officers were not. 
Furthermore, there is a need to increase our understanding of the impact of physiological stress 
and psychological anxiety on the performance of officers who have been trained to support more 
experienced colleagues. Our findings suggest experience can reduce the deleterious effects of physio-
logical arousal on officers’ firearms accuracy. However, training-related changes in firearms officers’ 
ability to optimise firearms accuracy is likely to require environments that mimic operational situa-
tions. Some researchers have argued that firing at paper targets is not the best way to prepare officers 
for a real-life confrontation (e.g., Morrison & Vila, 1998; Oudejans, 2008). Contrary to that view, we 
believe training in a controlled environment can contribute to the development of automatic firearms 
proficiency, which frees cognitive resources during the evaluation and control of behaviour in stressful 
situations. Our findings suggest training has a pivotal role to play in the development of cognitive 
control, experience and automaticity. Through training and experience, officers are able to maximise 
the cognitive resources available to them in unpredictable and high-anxiety situations. On the basis of 
these findings, we recommend further investigations to evaluate the extent to which training enhances 
officers’ performance in operational situations. Of particular interest, is whether benefits in accuracy 
are larger when training is designed to mimic situations experienced on operational duties, where 
threat, risk, judgment and decision making are likely to place a far higher demand on the physiological 
and psychological resources of officers than those encountered during current training in the U.K.
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