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Abstract
Background: Theoretical accounts of the anxiety and motor performance relationship cite
disruptions to attention as a critical mediating factor. The aims of this paper were to (1)
systematically review published research examining attentional mechanisms underpinning the
anxiety-performance relationship in targeting skills, and (2) subsequently discuss these
findings in relation to contemporary theoretical perspectives.
Methods: Adhering to PRISMA guidelines, three electronic databases (PubMed, PsycInfo, and
SPORTDiscus) were searched from inception until June 2017. Thirty-four articles satisfied the
inclusion criteria.
Results: Overall the research is of high methodological quality, however, there is a tendency to
focus on the historical dichotomy between self-focus and distraction accounts, whereas
empirical support for more contemporary theoretical perspectives is lacking.
Conclusion: Whilst this review provides further support for the role of attentional disruptions
in anxiety-induced performance degradation, the exact mechanisms still lack consensus. In
addition, more innovative experimental designs and measures are required to progress our

understanding of moderating variables.
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1. Introduction

High-level sport requires individuals to perform at an optimal level when it matters most. However, athletes
do not always meet these demands, and impaired performance is often attributed to the associated
pressure and anxiety of competition. Within the competitive sporting environment, state anxiety is a
common occurrence (Martens, Burton, Vealey, Bump, & Smith, 1990), and is defined as an aversive
emotional and motivational state that can develop during potentially threatening, evaluative circumstances
(Eysenck, Derakshan, Santos, & Calvo, 2007). It is characterised as having a mostly negative effect on motor
performance (Wilson, 2012), although the processes underpinning the anxiety-performance relationship are
still poorly understood (Cheng, Hardy, & Markland, 2009). Most prevailing theoretical accounts of anxiety
and performance make reference to attentional processes, even if a consensus on the role of the specific
attentional mechanisms involved is lacking. While numerous opinion pieces and reviews have been written
on the topic, we intend to provide a timely systematic review of the literature, to (1) examine the proposed
attentional mechanisms responsible for motor skill decrements whilst anxious that have been tested in the
existing research, and (2) assess the efficacy of different theoretical perspectives of the anxiety and

performance relationship that implicate attention.

1.1 The role of attention

Whilst it is challenging to define and explicitly measure the construct of attention, there is a general
agreement that attention involves selectively processing information; prioritising some aspects of what we
are presented with whilst ignoring others (Carrasco, 2011). The attentional system determines the
information that gains access to working memory and reflects the combined contribution of four processes:
working memory, competitive selection, top-down sensitivity control, and automatic bottom-up filtering for
salient stimuli (Knudsen, 2007). The top-down system influences bias processing to goal-relevant stimuli and
directs the voluntary allocation of attention. In contrast, the stimulus-driven (bottom-up) system triggers

shifts in attention by stimuli that are unexpected and initially unattended (Corbetta & Shulman, 2001). It is



suggested that anxiety disrupts the efficiency of the attentional system, leading to impaired performance
(Eysenck et al., 2007). Consequently, researchers have developed theoretical frameworks in an attempt to

explain the anxiety-performance relationship and the underpinning role of attention.

1.2 Theoretical accounts of the anxiety-performance relationship

Early research on the relationship between anxiety and performance was dominated by descriptive models
such as the inverted-U hypothesis (Yerkes & Dodson, 1908) and the catastrophe model (Hardy, 1990). These
models lacked a mechanistic focus and subsequent explanations for the negative effect of anxiety on motor
performance borrowed heavily from the cognitive psychology literature. For example, distraction theorists
(e.g. Eysenck, 1991; Sarason, 1984; Sarason, 1988; Wine, 1971) propose that anxiety serves as a distractor,
drawing attention away from task-relevant information needed for task performance. Processing efficiency
theory (PET; Eysenck & Calvo, 1992) is an early distraction-based account that has received support in the
sport psychology literature (see Wilson, 2008, for a review). Processing efficiency is based on the
relationship between performance effectiveness (the quality of performance as measured against an
outcome standard) and the resources used to achieve that performance (Eysenck & Calvo, 1992). Processing
efficiency can be reduced by task-irrelevant thoughts such as worries or performance concerns and crucially,
is impaired to a greater extent than performance effectiveness. While individuals can compensate for
reduced processing efficiency with increased effort in the short-term, this impairment may be an early

warning sign of a subsequent drop in performance (Wilson, 2008).

Attentional control theory (ACT; Eysenck et al., 2007) is an extension and development of PET that is
more explicit about the detrimental effect of anxiety on processes related to attention. Specifically, a
diversion of processing resources from task-relevant stimuli toward task-irrelevant (and particularly
threatening) stimuli is predicted to occur due to the disrupted balance between goal-directed and stimulus-
driven attentional systems (Corbetta & Shulman, 2002). ACT also relates this disruption to specific functions

of the central executive of working memory that are impaired; namely, the inhibition and shifting functions



(based on Miyake et al., 2000). As with PET, the predictions of ACT have received support in the sporting

literature (see Eysenck & Wilson, 2016; Wilson, 2012, for reviews).

Whereas distraction theories can apply to the performance of any task with cognitive demands,
explanations have been developed specifically to reflect anxiety’s effect on automated movement control.
These explanations have been termed self-focus theories and propose that under pressure anxiety increases
one’s self-consciousness, directing attention towards one’s self and one’s movements (Baumeister, 1984;
Beilock & Carr, 2001; Masters & Maxwell, 2008; Masters, 1992). The theory of reinvestment (also known as
the conscious processing hypothesis) suggests that by attempting to consciously control the mechanics of
automated skilled behaviour, the fluency associated with expert performance is disrupted (Masters &
Maxwell, 2008; Masters, 1992). The explicit monitoring hypothesis (EMH; Beilock & Carr, 2001) proposes a
subtly different mechanism and states that when anxious, performance is disrupted by consciously
monitoring the step-by-step execution of skill, interrupting proceduralised motor programs. As with the
distraction theories, there has been much support for the predictions of both these self-focus accounts in

the sport psychology literature (see, Beilock & Gray, 2007; Masters & Maxwell, 2008).

The self-focus versus distraction theory dichotomy has been a feature of the competitive anxiety-
sport performance literature (Roberts, Jackson, & Grundy, 2017). Beilock and Carr (2001) suggest that both
groups of theories are relevant to different tasks and domains, with self-focus theories being more
applicable to sport because of the focus on disruptions to previously automated movements. However, this
may be a false dichotomy for a number of reasons. First, even well-practised skills may not be fully
automatic and a characteristic of expertise is the ability to flexibly deploy attention to where it might be
most useful at that moment (Burke & Yeadon, 2009; Nyberg, 2015). Second, self-focus and distraction
perspectives may not be entirely mutually exclusive. For example, a ‘double whammy’ effect (Beilock &
Gray, 2007) has been suggested, whereby anxiety initially reduces attention directed towards task-relevant

information by overloading working memory, and then encourages performers to consciously attend to skill



execution step-by-step. Third, it has also been suggested that self-focus effects may simply reflect increased
distractibility. Movement cues may become paradoxically salient when anxious due to interpretational
biases, and as such self-focus effects could potentially be subsumed within distraction accounts like ACT

(Eysenck & Wilson, 2016).

Furthermore, researchers have sought to develop new frameworks that seek to go beyond this
dichotomy that has grounded the anxiety-sport performance research over the last 30 years. For example,
there have been recent attempts to extend Eysenck and colleagues’ ACT to reflect the specific demands of
sport. First, Nieuwenhuys and Oudejans (2012) propose an integrated model of anxiety and perceptual-
motor performance and suggest that disruption to attentional processes by anxiety not only affects
attentional control, but also interpretational processes and emotion-specific behavioural responses. Second,
Eysenck and Wilson (2016) consider the individual differences that might determine whether someone
experiences anxiety in a pressurised environment. Whilst maintaining the attention disruption element of
ACT, attentional control theory: sport (ACTS) suggests that whether increased pressure leads to increased
anxiety depends on how cognitive biases alter both an individual’s perceived probability of poor
performance and the cost of poor performance (Eysenck & Wilson, 2016). Finally, Englert and Bertrams
(2015) attempt to integrate ACT with the strength model of self-control (Baumeister, Bratslavsky, Muraven,
& Tice, 1998) to reflect the potential influence of self-control on attentional control. Low self-control
strength is suggested to determine the degree to which an individual pays attention to threatening stimuli
(e.g., anxiety-related worries; Englert & Bertrams, 2012). Englert and colleagues have demonstrated that
depleting mental resources (i.e., self-control) with a preceding cognitive activity can affect an individuals’
ability to resist distraction when performing a sporting task (Bertrams, Englert, Dickhauser, & Baumeister,

2013; Englert & Bertrams, 2012; Englert, Zwemmer, Bertrams, & Oudejans, 2015).

Alternatively, other models have sought to build upon the two-dimensional approach to anxiety

(Martens et al., 1990) that included cognitive and physiological (somatic) components. The three-



dimensional model of performance anxiety (Cheng et al., 2009) maintains a cognitive dimension that consists
of distraction and self-focus effects, as well as a physiological dimension that includes autonomous
hyperactivity and somatic tension. The authors propose that a third, regulatory dimension reflecting
perceived control is critical in understanding an individual’s perception of their capacity to cope under
pressure. Carson and Collins (2016) suggest that a fourth dimension - skill establishment - should also be
considered. Skill establishment refers to the level and consistency of movement automaticity, and the
specific confidence a performer has in automaticity during stressful situations. It is important to note that
while all these contemporary frameworks consider additional mediating and moderating variables (e.g.,
perceived control, cognitive biases, skill establishment, and self-control) they still acknowledge the

importance of attention in understanding the anxiety-performance relationship.

1.3 Measures of attention

There is no single gold-standard measure to assess the attentional processes in these theoretical approaches
and several different methods have been used to examine whether attention is disrupted in response to
pressure. Firstly, advances in eye-tracking technology allow for the objective measurement of visual
attention. It is suggested, by tracking eye movements on tasks where it is possible to specify where visual
attention should be directed and how it might shift over time, attentional control can be assessed (Corbetta
et al., 1998; Eysenck & Derakshan, 2011). Second, focus of attention is sometimes manipulated to mimic
attentional disruptions under pressure (Beilock & Carr, 2001; Beilock, Carr, MacMahon, & Starkes, 2002;
Wilson, Chattington, Marple-Horvat, & Smith, 2007). A self-focus is often influenced using explicit
instructions relating to skill execution, whilst distraction is often manipulated through a dual-task paradigm
(e.g., performing a cognitively demanding task concurrently with the motor task). In addition to these
manipulations, probe reaction times (Lam, Maxwell, & Masters, 2010; Lam, Maxwell, & Masters, 2009)
and/or retrospective self-reported measures (Englert & Oudejans, 2014; Oudejans, Kuijpers, Kooijman, &

Bakker, 2011) can reflect the orientation of attention during task performance.



Attention has also been measured through the manipulation of self-control strength (i.e., the ability to
override the automatic tendency to pay attention to threatening stimuli) using transcription tasks, to reflect
disrupted attentional control under anxiety (Bertrams et al., 2013; Englert & Bertrams, 2012; Englert,
Zwemmer, et al., 2015). In this research, participants are instructed to transcribe a story and leave out
certain letters, in an attempt to override writing habits and deplete self-control strength. Finally, a fourth
approach centres on the collection of performance process measures to examine the inferred effect of
anxiety on attention. Objective measures of movement control, such as kinematic measures (Mullen &
Hardy, 2000) and muscular activity (tension; Cooke, Kavussanu, Mclntyre, Boardley, & Ring, 2011; Cooke,
Kavussanu, Mclintyre, & Ring, 2010) may reflect changes in the focus of attention; with less efficient
movement patterns reflecting less automated movement control (Masters & Maxwell, 2008). Changes in
heart rate variability (variations in the inter-beat interval; Wilson, Smith, & Holmes, 2007) reflect changes in
mental effort and attentional processing (Mulder, 1992), and have also been used to indirectly assess

attentional changes when anxious (Mullen, Hardy, & Tattersall, 2005; Wilson, Smith, & Holmes, 2007).

Moreover, these measures of attentional mechanisms have been employed to investigate the effects of
anxiety across a range of sporting tasks; including, free throws in basketball (Wilson, Vine, & Wood, 2009),
golf putting (Beilock & Carr, 2001; Cooke et al., 2010), dart throwing (Englert, Zwemmer, et al., 2015;
Nibbeling, Daanen, Gerritsma, Hofland, & Oudejans, 2012; Nibbeling, Oudejans, & Daanen, 2012), shooting
(Causer, Holmes, Smith, & Williams, 2011; Nieuwenhuys & Oudejans, 2010; Vickers & Williams, 2007),
penalty taking (Wilson, Wood, & Vine, 2009), baseball (Gray, 2004; Gray & Allsop, 2013), table tennis
(Williams, Vickers, & Rodrigues, 2002) and archery (Behan & Wilson, 2008). A pattern amongst these
experimental studies is the use of self-paced, non-interactive and attentionally demanding sporting tasks
that rely heavily on the goal-directed attentional system (Eysenck & Wilson, 2016). In general, performance
in aiming tasks is easily measured, and from a cognitive perspective, the tasks provide sufficient thinking

time for worry and disruptions to goal-directed attentional control to impair performance under pressure.



Consequently, the current systematic review focuses on the influence of anxiety on these self-paced

targeting and aiming perceptual-motor tasks.

1.4 Objectives

The common factor among even the more contemporary frameworks is that attentional disruptions are a
critical component of the anxiety-sport performance relationship and both self-focus and distraction
elements may play their part. Furthermore, the field lacks an updated encompassing and systematic review
that draws together the body of empirical evidence in support of anxiety’s influence on attention. As such,
the aim of this paper is to systematically review the available evidence that investigates the key attentional
mechanisms involved in the anxiety-performance relationship. This will provide a better understanding of
the current evidence, and the relative efficacy of the different theoretical perspectives described in section
1.2. We aim to review the methodological approach to examining anxiety and attention (how anxiety and
attention are measured or manipulated) as well as the broader methodological rigour of the studies (e.g.,
generalisability, control groups, statistical approach). We will then synthesise this new information into a
discussion of how the results relate to the anxiety-performance theories tested. In doing so, we hope to
encourage further research that will advance understanding of the relationship between anxiety, attentional

mechanisms and performance.

2. Methods

2.1 Search strategy and inclusion criteria

An electronic search of the Psycinfo, PubMed, and SPORTDiscus databases was conducted for relevant
research related to anxiety and attention, up to and including June 2017. The search was initially conducted
in the Psyclnfo database (see Table 1) and adapted accordingly to the other databases. The researchers
independently assessed the eligibility of each retrieved record on the basis of title and abstract. If any
information was unclear, the full-text article was screened. The researchers followed the Preferred

Reporting of Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines.



**Insert Table 1 near here**

Studies included in the review were required to meet the following selection criteria: the research
needed to (1) use adult populations in studies which either measured anxiety (i.e. high vs. low state or trait
anxiety) or manipulated anxiety (i.e. creating high vs. low pressure conditions); (2) engage participantsin a
form of target and aiming motor performance task; (3) directly or indirectly measure (as defined in 1.3)
attentional mechanisms and 4) report original research. Studies were excluded from the review on the basis
of the following criteria: (1) the study design did not involve a target or aiming motor performance task; (2)
there was no measure or manipulation of anxiety or attention; (3) they were focused on training
interventions; (4) they were written in a language other than English; (5) they included a clinically anxious
population or they tested child populations; (6) they were unpublished material (dissertations, theses,
conference proceedings); (7) they were a review paper or commentary. Any discrepancies in the reviewers’

decisions to include or exclude a paper were discussed until a consensus was reached.

2.2 Data extraction and quality assessment

After all relevant articles were obtained, their quality was assessed and data extracted. The data extraction
form retrieved the following information from the included studies: article; sample; sport; anxiety
manipulation (yes/no); measure of attention; type of theory (self-focus or distraction); other measures and
findings. To ensure accuracy and consistency, discussion and crosschecking of included studies was carried

out amongst the authors.

The quality of a study was determined by examining the internal and external validity. No quality
assessment instrument has been standardised for laboratory-based observational studies (Uiga, Cheng,
Wilson, Masters, & Capio, 2015). However, the current systematic review adapted the Quality Index (Downs
& Black, 1998), the checklist for the evaluation of research articles (Durant, 1994) and the appraisal
instrument from Genaidy et al. (2007) to assess the quality of the included studies. The maximum score

available for the quality assessment was 25, as summarised in Table 2, and presented as both a percentage
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and absolute score, in Table 3. The first author performed the quality assessment, and discussed queries in

the assessment with the remaining authors.

**Insert Table 2 near here**

3. Results

3.1 Search result

In the first stage of database searching, the search strategy resulted in the retrieval of 736,186 citations.
After removing duplicates and screening titles, 575 abstracts were identified. These abstracts were
examined against the inclusion and exclusion criteria, resulting in 215 papers identified for full-text review.
Full-text articles were examined with respect to the objectives of the systematic review. Reference lists were
inspected for further citations and suggestions were accepted should they match the criteria (n=3). A final

list of 34 articles was identified as appropriate for the review (see Figure 1).

**Figure 1 inserted near here**

3.2 Quality Assessment

Quality assessment results ranged from 76-100%, with a mean score of 92.7% (see Table 3). Two of the
included papers scored in the high (61%-80%) methodological quality range and 32 papers scored in the very
high (81-100%) methodological quality range. Overall, studies scored highly in items relating to reporting of
study design, the task used, reporting main findings, and substantiating conclusions. The lowest scoring item
was direct measurement of outcome variables (item 22), which was only achieved in 10 studies (29.4%).
Additionally, the generalisability of findings (item 25) was addressed by only 23 of 34 studies (67.6%). Finally,

only 24 of 34 studies (70.6%) reported actual probability values (item 11).

**Insert Table 3 near here**
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3.3 Characteristics of included studies

The main findings of the systematic review are presented in Table 4 and 5. Out of the 34 studies included in
the review, nine studies manipulated attention, whilst 25 did not. Additionally, a total of twelve studies
considered their findings in regards to the distraction approaches (i.e. PET and ACT). A total of eight studies
considered their findings in regards to the self-focus approaches (i.e. CPH, EMH and Theory of Reinvestment)
and fourteen studies either purposefully compared the difference between self-focus and distraction
theories or retrospectively discussed the relevance of their findings to this debate. In thirteen studies
participants were male and/or female students or novices, while in eighteen studies participants specialised
in the respective tasks (e.g., golfers, baseball players, skeet shooters). Furthermore, in three studies there
were two groups of participants; a novice or student group and a trained group who were experienced in

performing the respective tasks.

**Insert Table 4 near here**

**Insert Table 5 near here**

4, Discussion

4.1 Quality Assessment

The scores from the quality assessment have highlighted a number of particular concerns regarding the
included studies. Eleven out of 34 studies recommended caution when generalising findings to other
relevant populations (item 25), identifying an issue with the extent to which results obtained can be used to
make predictions about other situations and populations. As a result, future research may need to consider
varied groups of populations and possibly larger sample sizes if findings are to be more generalisable.

Furthermore, it is important to recognise that the lab-based nature of the experimental research reviewed

12



means that generalisability of findings to real-world environments (i.e. ecological validity) is also somewhat
problematic. For example, while an experimental manipulation designed to cause a self-focus may impair
performance, it does not mean that this mechanism actually occurs when sporting performers are anxious

(Oudejans et al., 2011).

Moreover, item 22 (direct measures of attention) identified a methodological issue with objectively
measuring attention during performance; in particular when examining focus of attention on ‘the self’ in
relation to self-focus theories. Twenty-four studies failed to objectively measure focus of attention.
Generally, objective measures consisted of eye tracking variables and were evident in research testing
distraction-based assumptions. While gaze disruption might reflect distractibility, it is less relevant when
trying to determine covert changes in attention (e.g., an individual focusing inappropriately on the
mechanics of their movement). Research testing self-focus approaches is therefore more inclined to use
indirect measures, such as kinematic and muscle activity measures that may reflect this form of disruption,
as well as self-reported retrospective measures (Masters & Maxwell, 2008). This discussion of the findings
from item 22 highlights differences between the designs and methods of the included studies, and

consequently the difficulties in comparing tests of the self-focus and distraction accounts.

A number of papers did not present actual p values when reporting statistical analyses (item 11). The
American Psychological Association (APA; Publication Manual, sixth edition) suggests "when reporting p
values, report exact p values (e.g. p = .031) to two or three decimal places. However, report p values less
than .001 as p <.001” (p.114). Reporting actual p values (rather than in comparative form; e.g., p <.05) as
well as reporting effect sizes, should provide greater transparency and enable readers to form their own

opinion of the findings based on the evidence provided (Sullivan & Feinn, 2012).

On a more positive note, anxiety was successfully manipulated in 30 studies, with measures of state
anxiety in the high-pressure condition significantly higher than those found in a baseline, or low-pressure

condition. Multiple methods tended to be employed, including the use of incentives, ego-threatening
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instructions, and non-contingent negative feedback. Although unlikely to be representative of the high levels
experienced during competition, the significant differences in reported anxiety between conditions are
sufficient to allow examination of the role of attention when anxious. However, trait anxiety measures were
seldom taken (see Englert & Bertrams, 2012; Englert, Bertrams, Furley, & Oudejans, 2015; Englert &
Oudejans, 2014; Englert, Zwemmer, et al., 2015; Wilson, Smith, et al., 2007, for some notable exceptions)
and therefore less is known about how individual differences influence the experience of pressure and levels
of state anxiety. High trait anxious individuals are more likely to experience higher levels of state anxiety and
to worry more in pressured and threatening situations than low trait anxious individuals (Spielberger, 1966).
An examination of trait anxiety and other individual differences in how threat is attended to and interpreted
is therefore important if we are to better understand variations in performance under pressure (Eysenck &

Wilson, 2016; Vine, Moore, & Wilson, 2016).

4.2 Narrative of findings from included papers.

4.2.1 Studies performing a manipulation of attention

Out of the 34 reviewed studies, nine studies placed participants in groups and manipulated attentional focus
in an attempt to replicate the attentional disruptions proposed by the relevant theoretical frameworks being
tested (see Table 4). In six of the studies, a self-focus was manipulated by providing instructions relating to
skill execution, whilst distraction was implemented through concurrent task loading (e.g., a counting task
while putting). Individuals performing under self-focus instructions were susceptible to performance
decrements (Gray, 2004; Liao & Masters, 2002), and in distraction conditions, effort increased in order to
complete the task (Mullen & Hardy, 2000) and there was evidence of less accurate performance (Mullen,

Hardy, & Tattersall, 2005).

Additionally, three of the nine studies manipulated attention through the use of a transcription task
with the aim of depleting self-control. Under anxiety there was evidence of poor attentional control and

disrupted performance in ego-depleted individuals (low self-control; Englert & Bertrams, 2012; Englert,
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Bertrams, et al., 2015; Englert, Zwemmer, et al., 2015). These three studies examined predictions from the
distraction approach, implicating reduced self-control strength as a reason for disrupted attentional control
during performance. However, as highlighted through the quality assessment (see 4.1), whilst results may
demonstrate impaired performance, experimentally manipulating attention cannot be used to
comparatively assess the distraction and self-focus predictions or how anxiety spontaneously affects

attention during task performance under pressure.

4.2.2 Studies that did not perform a manipulation of attention

Out of the 34 studies reviewed, 25 of these studies did not manipulate attentional focus (see Table 5). Nine
of the 25 studies included gaze behaviour measures to assess attentional mechanisms under anxiety. Gaze
behaviour provides an objective measure of attentional control during performance and was used in studies
where attentional focus was not explicitly manipulated (i.e., in studies investigating predictions from
distraction theories only; Vine, Lee, Moore, & Wilson, 2013). The disrupted attentional processes presented
as less stable attentional focus, including shorter quiet eye durations (the final fixation towards a relevant
target prior to the execution of movement; Behan & Wilson, 2008; Vine et al., 2013); an increased number of
fixations (Wilson, Vine, et al., 2009; Wilson, Wood, et al., 2009); and longer gaze allocations towards less
relevant areas (Causer, Holmes, Smith, et al., 2011; Nibbeling, Daanen, et al., 2012; Nibbeling, Oudejans, et

al., 2012; Nieuwenhuys & Oudejans, 2010; Williams et al., 2002).

Furthermore, five of the 25 studies included retrospective, self-report measures of attentional focus
whilst six employed reinvestment (or self-consciousness) scales to examine the inferred effect of anxiety on
attention. Retrospective reports mentioned distracting thoughts significantly more often (Englert &
Bertrams, 2012; Nibbeling, Daanen, et al., 2012; Tanaka & Sekiya, 2011) however; there were reports of
increased attention to movements as well as distractors (Tanaka & Sekiya, 2010a, 2010b). Reinvestment
scales were presented as the movement specific reinvestment scale, the decision specific reinvestment scale

and the self-consciousness scale. Under high pressure, there was evidence of more conscious processing

15



(Cooke et al., 2011), including a greater amount of reinvesting (Kinrade, Jackson, & Ashford, 2010; Otten,
2009), a greater amount of self-consciousness leading to greater performance variance (Wang, Marchant,
Morris, & Gibbs, 2004)(Wang et al., 2004), and disrupted fluency leading to less automatic, step-by-step

processing (Whitehead et al., 2016).

Finally, one study of the 25 specifically included mental effort (through heart rate variability and self-
report measures) to determine changes in attentional control during performance when anxious. Under high
pressure, significantly higher effort was reported alongside commensurate changes in heart rate variability
(Wilson et al., 2007). Increases in effort are argued to increase attentional resources to the task according to
distraction approaches, but may lead to reinvestment from a self-focus perspective (Wilson, 2008). The
remainder of the studies used performance accuracy measures (i.e., successful putts, directional variability)

to assess changes in attentional control under pressure.

4.2.3 Studies using performance process measures

All 34 studies included performance measures to assess the potential outcome of anxiety-induced
attentional disruptions. Findings from studies examining a self-focus approach sought to test the assertion
that movement should be less automatic when attention focuses on the step-by-step processes of
performance (Whitehead, Taylor, & Polman, 2015). Increased attention towards one’s self and the
mechanics of performance resulted in disrupted performance, as well as increases in mental effort and
disrupted kinematics (Gray, 2004; Gray & Allsop, 2013; Gray, Allsop, & Williams, 2013; Kinrade et al., 2010;
Wang et al., 2004). Furthermore, there was support for distraction-based theories as evidenced by
decreased accuracy and response times, as well as increases in mental effort (Causer, Holmes, Smith, et al.,
2011; Lawrence, Khan, & Hardy, 2013; Williams et al., 2002), and decreases in information processing
efficiency (via gaze measures; Vine et al., 2013; Wilson, Vine, et al., 2009; Wilson, Wood, et al., 2009).

However, while results tended to support the theories being tested, one study (Otten, 2009) - out of the 34
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included in the review - found that participants performed better under pressure as a result of increased

perceptions of control (Cheng et al., 2009).

4.2.4 Manipulation of anxiety

One of the inclusion criteria for the review was that participants must perform under low- and high-pressure
conditions. Nine of these studies also manipulated attentional focus (see 4.1.1) to examine the influence of
anxiety and attention on performance. The remainder of the studies (25) only used manipulations of
evaluative threat and/or incentives to increase state anxiety and examine naturally occurring attentional
changes when performing. Thirty studies in the review successfully manipulated anxiety (see Table 3),
whereas in the remaining four studies, the lack of manipulation check between the low- and high-pressure
conditions meant that changes in anxiety could not be assessed. The most frequently used (twelve times)
measure of anxiety was the Competitive State Anxiety Inventory-2 (CSAI-2; Martens et al., 1990). The Mental
Readiness Form-3 (MRF-3; Krane, 1994), the State Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, &
Lushene, 1970) and the anxiety thermometer (Houtman & Bakker, 1989) were used in six, seven and six
studies, respectively. Furthermore, heart rate was used as an objective measure of state anxiety in ten of the
30 studies. Taken together, the review demonstrates the effectiveness of an experimental approach to
examining the anxiety-performance relationship and potential attentional disruptions, even if the reported

levels of anxiety are unlikely to be as high as in real, sporting competition.

4.2.5 Theoretical stance of the included papers

Despite newer theories being proposed in the literature (Carson & Collins, 2016; Cheng et al., 2009; Eysenck
& Wilson, 2016; Nieuwenhuys & Oudejans, 2012; Nieuwenhuys & Oudejans, 2017), the majority of studies
reviewed only considered attentional mechanisms in regards to the existing self-focus and distraction
dichotomy. Although some studies made reference to the newer frameworks (see Englert & Bertrams, 2012;
Englert, Bertrams, et al., 2015; Englert, Zwemmer, et al., 2015; Otten, 2009), results were still discussed in

terms of the dominant self-focus or distraction approaches.
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In particular, the review has highlighted a tendency for the self-focus and distraction approaches to
employ measures of attention and performance that are biased towards their respective theoretical
assumptions. For example, papers examining a distraction approach tailor the objective measures of
attentional control (e.g. gaze behaviour) towards these predictions (Vine et al., 2013; Wilson, Vine, et al.,
2009; Wilson, Wood, et al., 2009). Similarly, in research examining self-focus predictions, measures of
muscle activity and kinematics (Cooke et al., 2011; Cooke et al., 2010; Gray, 2004; Gray et al., 2013) provide
indirect support of detrimental self-focused attention when anxious. However, Williams et al. (2002) is a
notable exception, using both gaze behaviour and kinematics, alongside probe reaction time data in a test of
the distraction-based PET (Eysenck & Calvo, 1992). This study aside, notable differences between the designs

and methods of the included studies hinder comparisons of the self-focus and distraction accounts.

Moreover, whilst the effects of anxiety on performance were suggested to be wholly mediated by
distraction in some cases (Englert & Oudejans, 2014; Wilson, Vine, et al., 2009; Wilson, Wood, et al., 2009),
eight of the reviewed papers supported predictions that underpin both the distraction and self-focus
approaches (Cooke et al., 2011; Mullen & Hardy, 2000; Mullen, Hardy, & Tattersall, 2005; Tanaka & Sekiya,
2010a, 2010b, 2011; Vickers & Williams, 2007; Wilson, Smith, et al., 2007). Five other studies rejected
support for one theory’s assumptions (Beilock & Carr, 2001; Cooke et al., 2010; Gucciardi & Dimmock, 2008;
Lawrence et al., 2013; Malhotra, Poolton, Wilson, Uiga, & Masters, 2015) and supported the other (for
example, supporting ACT over the reinvestment theory). An over-riding weakness of the literature reviewed
was that few studies examined potential inter-individual variables that might mediate the anxiety-attention-

performance relationships.

4.3 Synthesis and implications

As demonstrated in the narrative above (4.2) it is difficult to draw conclusions as to the specific attentional
mechanisms influenced by anxiety in sport settings. Tests of the competing self-focus and distraction-based

accounts of this relationship have produced equivocal findings. In particular, it is difficult to compare and
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contrast findings between studies adopting very different measurement approaches and experimental
designs; something that holds back our ability to better understand the relative strengths and weaknesses of

each approach in explaining the attentional mechanisms underpinning the anxiety-performance relationship.

Attempts at a more fine-grained approach to examining the anxiety-performance relationship may
help clarify the current state of knowledge. Specifically, some of the newer models (outlined in the
Introduction; Carson & Collins, 2016; Cheng et al., 2009; Eysenck & Wilson, 2016) have started to explore
relevant mediating and moderating variables (e.g., perceived control or cognitive biases) which determine
how likely it is that an individual will become anxious, and suffer attention and performance disruptions.
However, there have been limited attempts at actually trying to test the main tenets of these contemporary
frameworks. This may be due to a number of practical factors, including; the complexity of the new models,
which make them more suited to opinion pieces as opposed to testable hypotheses and the need for

innovative methods to test the proposed moderating variables.

The current review also emphasised the difficulty in objectively measuring focus of attention during
performance, and in particular, examining focus of attention on ‘the self’ in relation to self-focus theories.
Consequently, research may need to move beyond manipulated focus conditions and self-report variables
taken alongside movement kinematic measures when making inferences about attention disruptions when
anxious. For example, more central measures of attention derived from electroencephalography (EEG)
recordings (e.g., high-alpha left temporal-frontal connectivity) have been used to assess performance
differences during movement tasks under pressure (Cooke et al., 2015; Cooke et al., 2014) and have been
shown to reflect increased reinvestment in investigations of implicit motor learning (Zhu, Poolton, Wilson,
Maxwell, & Masters, 2011), and under high pressure conditions (Gallicchio, Cooke, & Ring, 2016). There is
therefore an opportunity for future research to combine objective measures of reinvestment with gaze
behaviour measures to test both self-focus and distraction predictions in a way that overcomes some of the

difficulties with interpretation between the studies included in this review.
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Out of the studies reviewed, only Otten (2009) revealed a performance-improving influence of
competitive pressure. While this potential positive outcome is explicitly considered in the contemporary
frameworks, the experimental designs of the studies reviewed perhaps did not provide the opportunity to
test these newer predictions or the individual variations in response to pressure. Indeed, a limitation of the
anxiety-performance research to date has been the use of blocked conditions and grouped data (see,
Eysenck & Wilson, 2016). In real competitive environments, not only may there be differences in the ways in
which individuals perceive pressure, but this is likely to vary during an event. ACTS (Eysenck & Wilson, 2016)
suggests that a key factor of the anxiety-performance relationship is its bi-directional nature and the fact
that performance errors will likely influence momentary state anxiety. As such, it is important that future
studies take a more fine-grained approach to assessing performance and anxiety under pressure; as trying to
relate measures of anxiety taken prior to performing a block of trials with the aggregated performance in
those trials does not take into account this bi-directional relationship. Whilst research has begun to consider
the differences between successful and unsuccessful performance attempts when under pressure (Cooke et
al., 2015; Cooke et al., 2014; Gallicchio et al., 2016) changes in anxiety are not assessed with the same

precision.

Despite the concerns identified above, the findings from the review do suggest that increased
anxiety in response to competitive pressure is related to impaired attentional control and degraded
performance. Interventions designed to improve performers’ attentional control therefore have merit, as
they are likely to limit both unwanted attention to the self, and/or irrelevant (and especially threatening)
stimuli. For example, there is an existing evidence base to support the use of quiet eye training to protect
performance of targeting skills under pressure for novices (Moore, Vine, Cooke, Ring, & Wilson, 2012; Vine &
Wilson, 2010; Vine & Wilson, 2011) and for experienced performers (Causer, Holmes, & Williams, 2011;
Vine, Moore, & Wilson, 2011; Wood & Wilson, 2011). While quiet eye training requires task-specific
knowledge about relevant targets of attention, it might also be possible to train generic functions of working

memory to protect performance. Ducrocq and colleagues recently revealed that practicing a computer task
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designed to train the inhibition function of working memory can improve sport-specific visual attentional
control, and subsequent performance, in a high-pressure tennis task (Ducrocq, Wilson, Smith, & Derakshan,

2018; Ducrocq, Wilson, Vine, & Derakshan, 2016).

There are other interventions designed to improve attention in sport, which may also help to
mitigate the negative impact of anxiety on performance in targeting tasks (see Moran, 2012). For example,
pre-performance routines can help to regulate attentional focus through a sequence of consistent
behaviours and thoughts (Cotterill, 2010; Wilson & Richards, 2011). Mental imagery may also improve focus,
and has been shown to lessen the impact of competitive pressure on shooting performance (Colin,
Nieuwenhuys, Visser, & Oudejans, 2014). Finally, simulation (or habituation) training that replicates key
aspects of an impending challenge may also help improve attentional control when anxious. Oudejans and
colleagues have demonstrated that training with anxiety can help to improve subsequent performance
under pressure in both expert and novice athletes (Oudejans & Pijpers, 2009; Oudejans & Pijpers, 2010) and
in police officers (Oudejans, 2008). Importantly, there is early indication that these positive training effects
are durable over time (Nieuwenhuys & Oudejans, 2011). While the specific impact on attentional control is
less explicit in these interventions, compared to quiet eye training or working memory training, future

research is warranted.

4.4 Limitations

While this systematic review adopted PRISMA guidelines, the quality assessments commonly used are
developed for randomised controlled trials and therefore many items were not applicable to current sport
psychology literature. The quality assessment included in this review was adapted from relevant quality
assessments (Downs & Black, 1998; Durant, 1994; Genaidy et al., 2007), but there is no overall consensus as
to criteria and therefore other researchers may have made different decisions. For example, our decision to
exclude studies where target or aiming tasks were not adopted meant that those studies adopting

continuous tasks (e.g., flying, Allsop & Gray, 2014; climbing, Nieuwenhuys, Pijpers, Oudejans, & Bakker,
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2008; driving, Wilson, Chattington, et al., 2007), which might otherwise have scored highly on the quality
assessment criteria, were left out of the current review. However, as the majority of experimental research
has used self-paced, non-interactive tasks, it is recommended that the implications discussed (section 4.3)

and conclusions drawn from the systematic review are considered within this context.

4.5 Conclusion

The aim of this review was to systematically examine the available evidence with the intent of investigating
the key attentional mechanisms (and supporting theory) explaining the anxiety-performance relationship.
Overall, the review has established that the most pertinent theoretical accounts of anxiety and sporting
performance make reference to attention, even if there is still no shared consensus as to the precise
mechanisms, or associated moderating variables. Limitations in the objective measurement of attention and
the use of different research designs depending on whether predictions of self-focus or distraction theories
were being examined, make comparisons between studies difficult. Future research needs to address these
methodological issues, especially if the more complex, contemporary frameworks are to be empirically
tested. This research is important if evidence-based interventions and training programmes are to be

promoted for athletes seeking to thrive under the pressure of sporting competition.
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Figure 1 Stages and results of the search process using the four-phase PRISMA flow diagram

Adapted from Moher, Liberati, Tetzlaff, Altman, and group (2009)
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