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Abstract
The ability to focus attention and block out distractions during stressful competition separates
world-class athletes from the rest. This chapter explains how athletes respond to stress, and
how these responses impact attention and performance during visually guided sports skills.
First, the chapter describes athletes’ psychophysiological responses to stress using the
biopsychosocial model of challenge and threat as a theoretical framework. Second, it
discusses how negative responses to stress, and specifically elevations in state anxiety,
disrupt attentional processes via the predictions of attentional control theory. Third, the
chapter outlines the assumptions of the integrative framework of stress, attention, and
visuomotor performance, and reviews supporting evidence. Fourth, it explains how
practitioners can help athletes optimize their attention and performance during stressful

competition. Finally, the chapter concludes by outlining potential avenues for future research.
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“Concentration and mental toughness are the margins of victory”
(Bill Russell, eleven-time NBA Champion)

In line with the above quote, research has shown that concentration is a key skill that
enables world-class athletes (e.g., Olympic medalists) to produce high levels of performance
during stressful competition (e.g., Gould, Eklund, & Jackson, 1993; Orlick & Partington,
1988; Robazza & Bortoli, 1998). For instance, Gould, Dieffenbach, and Moffett (2002) found
that, alongside other psychological characteristics (e.g., coping with anxiety, mental
toughness), Olympic champions attributed their success to their ability to focus attention and
block out distractions. Attention is widely accepted as the process of concentrating mental
activity on environmental, sensory, or cognitive events (Moran, 2009), and can be split into
two main dimensions, namely selective and divided attention. While selective attention
allows athletes to ‘zoom in’ on task-relevant information and ignore less-relevant information
(e.g., block out the crowd when hitting a golf shot), divided attention enables athletes to focus
on multiple stimuli and complete two or more actions simultaneously (e.g., monitor a
goalkeepers’ movements while taking a soccer penalty; Moran, 1996). Stress is proposed to
influence the performance of visually guided sports skills via its effects on attention, a
process that will be explored in this chapter using the integrative framework of stress,
attention, and visuomotor performance as a guide (Vine, Moore, & Wilson, 2016).
Integrative Framework of Stress, Attention, and Visuomotor Performance

To explain the effects of stress on visually guided motor (visuomotor) performance,
and inter- and intra-individual variability in performance during potentially stressful
situations, Vine et al. (2016) developed a conceptual framework (see Figure 5.1). This
framework was developed from existing evidence and integrated the core predictions of the
biopsychosocial model (BPSM) of challenge and threat (Blascovich & Tomaka, 1996), and

attentional control theory (ACT; Eysenck, Derakshan, Santos, & Calvo, 2007). In the
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following sections, the BPSM and ACT are briefly summarized before the predictions of the
integrative framework of stress, attention, and visuomotor performance are outlined.
Biopsychosocial Model of Challenge and Threat

The BPSM helps explain why athletes respond and perform differently during
potentially stressful competition (Blascovich, 2008). The BPSM applies to motivated
performance situations, or contexts in which individuals must perform instrumental responses
(cognitive and/or physical) to attain important and self-relevant goals (e.g., sporting
competition, tests, interviews, and public speaking; Seery, 2013). Inspired by the work of
Lazarus and Folkman (1984), the BPSM contends that how an athlete reacts to a stressful
competition is determined by their evaluations of situational demands and personal coping
resources (Blascovich, 2008). If an athlete perceives that they have sufficient resources to
cope with the demands of the competition, they evaluate it as a challenge. Conversely, if an
athlete judges that they lack the necessary resources, they evaluate it as a threat (Seery, 2011;
see also Chapter 2). The BPSM argues that these demand and resource evaluations occur at a
more subconscious and automatic, rather than conscious and deliberate, level (Blascovich &
Mendes, 2000). Additionally, these evaluations are thought to be relatively dynamic
(Blascovich, 2008), meaning that while an athlete might initially evaluate a competition as a
threat, after a few minutes, they might re-evaluate it as a challenge.

Drawing on the work of Dienstbier (1989), the BPSM predicts that varying
psychological evaluations trigger distinct physiological responses (Blascovich, 2008). If an
athlete evaluates a stressful competition as a challenge, sympathetic-adrenomedullary
activation increases and catecholamines are released (e.g., adrenaline), causing blood vessels
to dilate and blood flow to increase (Seery, 2011). In contrast, if an athlete evaluates a
competition as a threat, pituitary-adrenocortical activation increases, attenuating sympathetic-

adrenomedullary activity and releasing cortisol, resulting in little change in or constriction of
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the blood vessels, and little change in or decreased blood flow (Seery, 2011). Thus, compared
to a threat state, a challenge state is marked by greater reductions in total peripheral resistance
(TPR; net constriction vs. dilation in the arterial system) and increases in cardiac output (CO;
amount of blood pumped by the heart per minute) from rest (Blascovich, 2008). Importantly,
this cardiovascular response is considered more efficient because it quickly mobilizes energy
for the brain and muscles, preparing the body for immediate action (Mendes & Park, 2014).
The cardiovascular responses marking challenge and threat are argued to provide an indirect
and objective (relatively bias-free) measure of underlying demand and resource evaluations,
offering a window into an athletes’ mind (Seery, 2013; see also Chapter 2).

The BPSM predicts that an athlete who responds to a stressful competition with a
challenge state will outperform an athlete who reacts with a threat state (Blascovich, 2008).
Research has supported this assertion, with a challenge state associated with better
performance in baseball batting (Blascovich, Seery, Mugridge, Norris, & Weisbuch, 2004),
netball shooting (Turner, Jones, Sheffield, & Cross, 2012), golf putting (Moore, Vine,
Wilson, & Freeman, 2012), cricket batting (Turner, Jones, Sheffield, Slater, Barker, & Bell,
2013), dart throwing (Moore, Young, Freeman, & Sarkar, 2018), sprint cycling (Wood,
Parker, Freeman, Black, & Moore, 2018), simulated car racing (Trotman, Williams, Quinton,
& Van Zanten, 2018), and soccer penalty taking (Brimmell, Parker, Wilson, Vine, & Moore,
2019). As well as predicting performance in laboratory-based tasks, a challenge state has also
been linked to superior performance in real-world sporting competition (Dixon, Jones, &
Turner, 2019; Moore, Wilson, Vine, Coussens, & Freeman, 2013). To summarize work in
this area, Hase, O’Brien, Moore, and Freeman (2019) conducted a systematic review of 38
studies (3257 participants), revealing that a challenge state was related to better performance

in 74% of studies (see Behnke & Kaczmarek, 2018 for a meta-analysis).
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Despite ample research demonstrating that challenge and threat states have divergent
effects on sports performance (Hase et al., 2019; see also Chapter 2), relatively little is known
about the potential mechanisms underlying these effects (e.g., emotional; see Jones, Meijen,
McCarthy, & Sheffield, 2009). Although the BPSM can explain athletes’ psychological and
physiological responses to potentially stressful competition, and why these responses might
vary between athletes and across situations, it does not specify precisely how these responses
influence sports performance. Thus, to better elucidate how challenge and threat states impact
the performance of visually guided sports skills, Vine et al. (2016) integrated the predictions
of the BPSM with the core assumptions of ACT (Eysenck et al., 2007).

Attentional Control Theory

Like its predecessor, Processing Efficiency Theory (Eysenck & Calvo, 1992), ACT
has been used to explain how anxiety affects sports performance via its impact on attentional
control (Wilson, 2008) - defined as the ability to flexibly focus and shift attention (Muris,
Mayer, Van Lint, & Hofman, 2008). While other mechanistic explanations argue that
performance deteriorates because highly anxious athletes direct attention inward to
consciously control movements (e.g., Theory of Reinvestment; Masters & Maxwell, 2008),
ACT contends that performance suffers because anxious athletes become less focused and
more distractible (Eysenck & Wilson, 2016). ACT was originally developed in relation to
trait anxiety or one’s general propensity to experience anxiety; however, in sport, it has
mostly been applied to state anxiety, defined as a negative transient emotional state evoked
during stressful situations (Eysenck et al., 2007; see also Chapter 4). ACT has three main
assumptions, which have received empirical support (see Shi, Sharpe, & Abbott, 2019 for a
review). First, ACT predicts that anxiety impairs processing efficiency (ratio between

performance effectiveness and effort) more than performance effectiveness or quality (e.g.,
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dart throwing accuracy; Eysenck & Derakshan, 2011), such that anxious athletes can offset
the negative effects of anxiety by using extra processing resources or effort (Wilson, 2008).
Second, ACT predicts that anxiety disrupts the balance of two attentional systems,
increasing the influence of the stimulus-driven (bottom-up) system at the expense of the goal-
directed (top-down) system (Eysenck et al., 2007). The goal-directed system is located in the
dorsal posterior parietal and frontal cortex, and directs attention based on knowledge,
expectations, and current goals (Corbetta & Shulman, 2002). In contrast, the stimulus-driven
system is located in the temporoparietal and ventral frontal cortex, and helps detect salient
and threatening environmental stimuli (Corbetta, Patel, & Shulman, 2008). The most notable
effect of the anxiety-induced imbalance in these attentional systems is that athletes become
more distractible by task-irrelevant and threatening stimuli (e.g., crowd or negative thoughts
during a basketball free throw). Third, in explaining this imbalance, ACT predicts that
anxiety impairs the inhibition and shifting functions of the central executive of working
memory (Eysenck et al., 2007). While the inhibition function stops interference or disruptions
from task-irrelevant stimuli (negative attentional control), the shifting function allocates
attention flexibly to remain focused on task-relevant cues (positive attentional control;
Miyake, Friedman, Emerson, Witzki, Howerter, & Wager, 2000). Studies in cognitive
psychology have supported these disruptions to inhibition and shifting (Shi et al., 2019).
Beyond controlled cognitive tasks, research in sport psychology has also supported
the assumptions of ACT (Payne, Wilson, & Vine, 2019; Roberts, Jackson, & Grundy, 2019).
In particular, anxiety has been shown to disrupt attentional control in studies using eye-
tracking technology, which allows the location and duration of visual attention (via fixations
— when the eyes rest steady on a location or object) to be recorded during skill execution
(Kredel, Vater, Klostermann, & Hossner, 2017). Optimal attentional control in many sports

skills (e.g., rifle shooting) involves fewer fixations of a longer duration, or lower search rates
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(Mann, Williams, Ward, & Janelle, 2007), and longer fixations immediately before skill
execution, also know as extended quiet eye durations (Lebeau et al., 2016; Vickers, 2016).
However, when highly anxious, athletes tend to display less efficient attentional control
characterized by higher search rates and shorter quiet eye durations (Behan & Wilson, 2008;
Causer, Holmes, Smith, & Williams, 2011; Nibbeling, Oudejans, & Daanen, 2012;
Nieuwenhuys, Pijpers, Oudejans, & Bekker, 2008; Vickers & Williams, 2007; Williams,
Vickers, & Rodrigues, 2002; Wilson, Wood, & Vine, 2009). For example, Wilson, Vine, and
Wood (2009) found that during free throws under high-anxiety, basketball players displayed
more erratic visual search, including more fixations of a shorter duration to various locations
(e.g., hoop, backboard, net), owing to the increased influence of the stimulus-driven system,
and shorter quiet eye durations, due to the reduced impact of the goal-directed system.

Although considerable research has supported the attentional disruptions proposed by
ACT in sports skills, the theory is not without its limitations (see Eysenck & Wilson, 2016).
Indeed, while ACT provides a mechanistic explanation for how maladaptive stress responses
(i.e., heightened anxiety) can disrupt attentional processes that are critical in supplying the
visual information needed to plan and execute accurate sports skills, it fails to explain
precisely how psychophysiological responses to stress arise, and why these responses might
vary between athletes and across situations (Vine et al., 2016). Indeed, this limitation is also
relevant to other models that explain the anxiety-performance relationship (e.g., integrated
model of anxiety and perceptual-motor performance; Nieuwenhuys & Oudejans, 2012, 2017).
Thus, the integrative conceptual framework by Vine et al. (2016) aimed to align the strengths
and weaknesses of the BPSM and ACT to better explain how athletes respond to stress, and
the impact of these stress responses on attentional control and sports performance.

Predictions of Integrative Framework and Supporting Evidence
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The integrative framework of stress, attention, and visuomotor performance applies to
stressful situations, in which individuals must perform visually guided skills to achieve
important and meaningful goals (e.g., sporting competition; Vine et al., 2016). Consistent
with the BPSM, this framework predicts that during stressful competition, an athlete will
evaluate situational demands and if they have the resources to cope with these demands (see
also Chapters 1-3). An athlete who believes that they have the coping resources will evaluate
the competition as a challenge, and respond with lower TPR and higher CO reactivity. In
contrast, an athlete who believes that they lack the coping resources will evaluate the
competition as a threat, and respond with higher TPR and lower CO reactivity. Next, inspired
by ACT, the integrative framework proposes that challenge and threat evaluations effect
attentional control differently. Specifically, a challenge evaluation leads an athlete to
optimally pick-up visual information from task-relevant stimuli, because the goal-directed
and stimulus-driven attentional systems are balanced. Conversely, a threat evaluation causes
an athlete to become more distractible by task-irrelevant and threatening stimuli, resulting in
the suboptimal pick-up of information due to the stimulus-driven system dominating the goal-
directed system. In the integrative framework, this imbalance is attributed to the greater
anxiety commonly accompanying a threat evaluation, which ultimately causes disruptions in
attentional control that degrade performance quality during visually guided sports skills,
unless additional processing resources are mobilized (e.g., effort; Vine et al., 2016).

Research has supported the core predictions of the integrative framework in the sport
psychology literature, demonstrating that the goal-directed system predominately controls
attention during a challenge state, while the stimulus-driven system largely directs attention
during a threat state (Vine et al., 2016). For example, Moore et al. (2012) manipulated novice
golfers into either a challenge or threat state before a stressful golf putting task, and found

that golfers who were manipulated into a challenge state performed better, reported less
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anxiety, and displayed longer quiet eye durations reflecting superior goal-directed attentional
control. These findings were replicated by Moore et al. (2013), who found that experienced
golfers who were manipulated into a threat state performed worse, reported more anxiety, and
exhibited shorter quiet eye durations, during a stressful golf putting task. More recently,
Brimmell et al. (2019) found that soccer players who responded to a stressful penalty task
with a challenge state (lower TPR and higher CO) performed better and displayed gaze
behavior more indicative of goal-directed attentional control, including longer quiet eye
durations, lower search rates, more fixations toward the goal and ball, and more time spent
fixating on the goal (see Figure 5.2). Similar results have been found outside of sport (e.g.,
surgery; Vine et al., 2013). For example, Vine et al. (2015) found that pilots who evaluated a
stressful aviation task as a threat displayed higher search rates and spent more time fixating
on less-relevant areas of the cockpit, reflecting greater stimulus-driven attentional control.

In addition to the core predictions noted above, three feedback loops were also
outlined in the integrative framework, suggesting that athletes are more likely to evaluate
similar stressful competitions as a threat in the future if they, (1) experience more threat-like
cardiovascular reactivity (higher TPR and lower CO), (2) overly attend to task-irrelevant and
potentially threatening stimuli, and (3) perform poorly, during a current stressful competition
(Vine et al., 2016). To date, few studies have tested these feedback loops, with evidence only
offering mixed support. For example, Brimmell et al. (2019) asked experienced soccer
players to complete two trials on a stressful penalty task, and found that players who took a
more accurate penalty during the first trial were more likely to evaluate the second trial as a
challenge. However, neither cardiovascular reactivity nor time spent fixating threatening
stimuli (goalkeeper) during the first trial predicted challenge and threat evaluations during the
second trial (Brimmell et al., 2019). Studies in social psychology have also provided mixed

results. For instance, while Rith-Najarian, McLaughlin, Sheridan, and Nock (2014) found that
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participants who performed poorly during a stressful speech task were more likely to evaluate
the task as a threat in the future, Quigley, Feldman-Barrett, and Weinstein (2002) found that
prior performance in a stressful mental arithmetic task did not predict future challenge and
threat evaluations. Although the feedback loops proposed by the integrative framework
require further testing, practitioners can use the core predictions of the framework to develop
interventions that help athletes perform better during stressful competition.
Optimizing Attention and Performance Under Pressure

The assumptions of the integrative framework of stress, attention, and visuomotor
performance highlight several evidence-based interventions that could help athletes improve
their attentional control and performance during stressful competition (Vine et al., 2016).
First, given that a challenge state is associated with superior attentional control and sports
performance (Hase et al., 2019), interventions that encourage athletes to view stressful
competition as a challenge rather than a threat, could be beneficial. While research into
challenge-promoting interventions is still growing, some strategies have been shown to foster
a challenge state, including imagery (e.g., Williams, Van Zanten, Trotman, Quinton, & Ginty,
2017), self-talk (e.g., Hase, Hood, Moore, and Freeman, 2019), and verbal instructions that
promote self-efficacy, perceived control, and a focus on approach goals (e.g., Turner, Jones,
Sheffield, Barker, & Coffee, 2014; see also Chapters 2 and 12). Another promising
intervention is arousal reappraisal, which helps athletes’ re-interpret stress-induced increases
in physiological arousal (e.g., racing heart) as a tool that can aid performance (Jamieson,
Mendes, & Nock, 2013; Sammy, Anstiss, Moore, Freeman, Wilson, & Vine, 2017). For
example, Moore, Vine, Wilson, and Freeman (2015) found that during a stressful golf putting
task, novice golfers who received an arousal reappraisal intervention displayed a challenge

state and better performance compared to golfers assigned to a control group.
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Second, the integrative framework suggests that if disruptions in attentional control
can be prevented, then athletes may be able to produce performance that is resilient to stress.
One evidence-based intervention that has been shown to accomplish this is quiet eye training
(Vine, Moore, & Wilson, 2014). Indeed, as well as being indicative of skilled sports
performance, and a marker of optimal goal-directed attention control, research has shown that
the quiet eye is trainable (Wilson, Wood, & Vine, 2016). Training athletes to display longer
quiet eye durations has been found to counteract the negative effects of anxiety on attentional
control and performance (Moore, Vine, Cooke, Ring, & Wilson, 2012; Vine & Wilson, 2011;
Wood & Wilson, 2011). For example, Vine and Wilson (2010) found that novice golfers who
received quiet eye training maintained effective quiet eye durations and performance under
high anxiety, while golfers in a control group exhibited shorter quiet eye durations and poorer
performance. Crucially, the benefits of quiet eye training transfer to real-world sporting
competition (e.g., Causer, Holmes, & Williams, 2011; Vine, Moore, & Wilson, 2011). While
it is still unclear precisely how quiet eye training works, it might provide a pre-performance
routine that promotes perceptions of control and helps athletes view stressful competition as a
challenge (Moore, Vine, Freeman, & Wilson, 2013; Wood & Wilson, 2012).

Beyond quiet eye training, cognitive training that improves inhibitory attentional
control has also been shown to create sports skills that are robust under stress (e.g., Ducrocq,
Wilson, Vine, & Derakshan, 2016). Interestingly, this form of attentional control training has
also been used with vulnerable individuals affected by anxiety and depression, helping them
to become less sensitive to threatening stimuli (e.g., Owens, Koster, & Derakshan, 2013; Sari,
Koster, Pourtois, & Derakshan, 2016). Another intervention that has shown promise in
helping athletes optimize attentional control and performance during stressful competition is
pressure training, or training with anxiety (Gropel & Mesagno, 2017; see also Chapter 12).

For example, Alder, Ford, Causer, and Williams (2016) found that elite badminton players
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who trained under high anxiety made longer final fixations and better anticipatory
judgements during a stressful serve reception task, compared to players assigned to a control
group or trained under low anxiety. Similar findings have also been reported outside of sport
in other domains (e.g., law enforcement; Low, Sandercock, Freeman, Winter, Butt, &
Maynard, 2020). For instance, Nieuwenhuys and Oudejans (2011) found that police officers
that trained under high anxiety displayed lower search rates and superior shooting accuracy
relative to police officers in a control group. Undoubtedly, other interventions could help
athletes optimize attentional control and performance during stressful competition (e.g., pre-
performance routines; Mesagno, Hill, & Larkin, 2015); however, many of these require
further investigation using objective measures of attention (e.g., eye-tracking metrics).
Future Research

There are several potential avenues for future research. First, most of the research
examining stress-related disruptions in attentional control has used objective measurements,
such as eye movements (e.g., fixations) recorded via eye-tracking technology (Moran,
Campbell, & Ranieri, 2018). However, according to ACT (Eysenck et al., 2007), the elevated
anxiety experienced during potentially stressful situations not only makes athletes more
distractible by task-irrelevant environmental stimuli (e.g., crowd during a basketball free
throw), but also internal thoughts (e.g., concerns about poor performance; Eysenck & Wilson,
2016). Thus, to offer a more complete test of theoretical predictions (e.g., Vine et al., 2016),
future research is encouraged to employ multiple measures of attentional control, including
trait-like indices before (e.g., Attentional Control Scale; Derryberry & Reed, 2002), eye-
tracking metrics (e.g., quiet eye; Vickers, 2016) and think-aloud protocols (Eccles & Arsal,
2017) during, and retrospective self-report measures after (e.g., Thought Occurrence
Questionnaire for Sport; Hatzigeorgiadis & Biddle, 2000), highly stressful competition.

Second, despite being developed from existing evidence, some predictions of the integrative
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framework require further testing (e.g., elevated state anxiety triggers imbalance in goal-
directed and stimulus-driven attentional systems; Vine et al., 2016). In particular, the
framework proposes that athletes who evaluate a stressful competition as a threat can still
perform well, particularly if they use additional processing resources (e.g., effort). Indeed,
this notion fits with the results of Turner et al. (2013), who found that a small subset of
cricketers responded to a stressful batting task with a threat state (higher TPR and lower CO),
still performed well, possibly due to higher self-efficacy.

Third, while a recent study highlighted that challenge and threat evaluations are
mostly situation-specific, it also revealed that athletes have general tendencies to evaluate all
stressful situations as a challenge or threat (Moore, Freeman, Hase, Solomon-Moore, &
Arnold, 2019). Given that frequently appraising stressors as a threat has been linked to poorer
mental and physical health (e.g., social anxiety, cellular aging; O’Donovan et al., 2012;
Tomaka, Palacios, Champion, & Monks, 2018), future research is encouraged to move
beyond athletic performance and examine the long-term effects of challenge and threat states
on athlete health and well-being (see Chapters 6-8). Specific to the focus of this chapter, this
research could also explore if challenge and threat states impact health via their effects on
attention (e.g., depression is linked with greater attentional bias towards negative stimuli;
Peckham, McHugh, & Otto, 2010). Finally, although some interventions have shown promise
in helping athletes optimize attentional control and performance during stressful competition
(e.g., quiet eye training; Vine et al., 2014), more techniques should be evaluated (e.g.,
breathing; Zaccaro et al., 2018). For instance, mindfulness and acceptance interventions fit
neatly with the predictions of the integrative framework, as they are thought to help athletes
sustain task-focused attention by training open, non-reactive, and present-moment awareness

(Noetel, Ciarrochi, Van Zanden, & Lonsdale, 2017). While qualitative studies have supported
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this proposition (e.g., Bernier, Thienot, Pelosse, & Fournier, 2014), few studies have
supported it using objective measures of attentional control (e.g., eye tracking indices).
Conclusion

According to the integrative framework of stress, attention, and visuomotor
performance, an athlete who evaluates a potentially stressful competition as a challenge
(coping resources exceed situational demands) will react with a cardiovascular response
marked by lower TPR and higher CO, which benefits sports performance by keeping
attention goal-directed and optimally focused on important task-relevant stimuli. In contrast,
an athlete who evaluates a potentially stressful competition as a threat (situational demands
exceed coping resources) will react with a cardiovascular response marked by higher TPR
and lower CO, which hampers sports performance by increasing distractibility and shifting
attention to less-relevant and potentially threatening stimuli. Therefore, to help athletes
perform better during stressful competition, practitioners are encouraged to help their athletes

view competition as a challenge not a threat, and to maintain optimal attentional control.
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Figure 5.1 The Integrative Framework of Stress, Attention, and Visuomotor Performance (adapted from Vine et al., 2016)
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Figure 5.2 The relationship between challenge and threat states (challenge/threat index) and task performance (soccer penalty accuracy) and attentional control
(quiet eye duration, search rate, and total fixation duration on the goal) using data from Brimmell et al. (2019).
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Notes: Panel A = challenge/threat index and task performance (cm), Panel B = challenge/threat index and quiet eye duration (ms), Panel C = challenge/threat
index and search rate, and Panel D = challenge/threat index and total fixation duration on the goal (ms). A positive challenge/threat index reflects a challenge
state (relatively lower TPR and higher CO reactivity), and a negative index reflects a threat state (relatively higher TPR and lower CO reactivity).



