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Abstract
This systematic review examined evidence for the role of conscious motor processing in the
pressure-performance relationship and, specifically, whether pressure-induced changes in
conscious motor processing are associated with pressure-induced changes in performance.
Following PRISMA guidelines, 29 studies published up to August 22, 2022 were included.
Studies were required to be published in a peer-reviewed journal, include a pressure
manipulation, include an outcome measure of conscious motor processing, and examine
performance of a perceptual-motor skill. Studies were excluded if conscious motor
processing was experimentally manipulated, the research design involved skill acquisition
strategies that influenced conscious motor processing, or the study was unpublished or not
published in English. Studies were retrieved from PubMed, Scopus, SPORTDiscus, and Web
of Science databases. Risk of bias was assessed with the Risk of Bias Assessment Tool for
Nonrandomized Studies and strength of evidence was determined with the sum code
classification system. Results confirmed that pressure generally increases conscious motor
processing but there was insufficient evidence to conclude that conscious motor processing
directly contributes to pressure-induced changes in motor skill performance. Future studies
are encouraged to directly test for mediation and to contrast effects of conscious motor

processing with other cognitive processes evoked by pressure (e.g., distraction).

Keywords: Anxiety, explicit monitoring, skill-focus, skill execution, perceptual-motor

performance
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Conscious motor processing and the pressure-performance relationship:
A systematic review

In both athletic performance and day to day life, performance pressure, resulting from the
presence of incentives to perform well (e.g., reward, punishment, competition, presence of an
evaluative audience; Baumeister & Showers, 1986), can disrupt the execution of perceptual-
motor skills. Negative effects of pressure on perceptual-motor performance, among other
factors, are thought to be due to changes in attention that reduce an individual’s ability to
effectively coordinate movement (Nieuwenhuys & Oudejans, 2012; 2017). One perspective
that has received a lot of attention in the literature views pressure as a factor that causes
people to consciously use previously acquired explicit knowledge of how to perform a skill in
order to maintain performance. This ‘reinvestment’ of knowledge (Masters, 1992), imposes
additional strain on working memory and can disrupt the proceduralized control of movement

(see Masters & Maxwell, 2008, for a review).

Proceduralized control of movement gradually develops during motor learning.
According to stage models (e.g., Fitts & Posner, 1967), motor learning begins with a
cognitive stage where knowledge is explicit and movement control requires a great deal of
effort. This stage is highly attention-demanding and movements are consciously controlled,
with the primary focus on how to perform a movement (Magill & Anderson, 2010). In the
second stage, the associative stage, less cognitive involvement is required to perform motor
skills and efforts are directed at skill refinement and achieving consistency in performance
(Magill & Anderson, 2010). The final stage of motor learning is the autonomous phase,
where much knowledge is implicit and performance is effortless and automatic (Fitts &
Posner, 1967; Magill & Anderson, 2010). Thus, motor learning progresses from a novice
stage in which skill execution requires a large degree of conscious control, towards an expert

stage, in which information supporting the execution of the skill has become proceduralized
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and very little conscious control is required (Masters & Maxwell, 2008). Since motor skills
are performed largely without conscious control during the later stages of motor learning,
circumstances that cause performers to reinvest explicit knowledge about skill execution — a
process referred to as ‘conscious motor processing’ (Masters, 1992) — may negatively impact

performance.

Whilst conscious motor processing may be induced by a variety of contingencies,
(e.g., preparation time, personality characteristics, movement disorders), the focus of the
current review is on conscious motor processing that is induced by increases in performance
pressure (Masters, 1992; Masters & Maxwell, 2008). According to the integrated model of
anxiety and perceptual-motor performance (Nieuwenhuys & Oudejans, 2012; 2017),
increased performance pressure may lead to anxiety and diminish attentional control, causing
the individual performer to shift attention from task-relevant information to the source of
their anxiety and how to respond. This may lead to distraction (e.g., worrying about
consequences of failure) and result in insufficient attention for task execution (Nieuwenhuys
& Oudejans, 2012; 2017). However, it may also lead to increased awareness of how a
particular motor skill is controlled and induce conscious processing of rule-based
information, especially when anxiety is associated with skill execution itself (Masters, 1992;
Masters & Maxwell, 2008; Masters et al., 1993). For experts, who have proceduralized their
execution of motor skills, conscious motor processing interrupts automaticity of the
movement and has been shown to degrade performance across a range of motor skills,
including sport-related skills such as golf putting and basketball free-throw shooting (e.g.,
Beilock & Carr, 2001; Gomez et al., 2018; Guccicardi & Dimmock, 2008; Masters, 1992),
work-related skills such as laparoscopic surgery (e.g., Malhotra et al., 2012), as well as more

phylogenetic skills such as balance and walking (e.g., Ellmers et al., 2020y).
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In the literature, the term ‘reinvestment’ has been utilized in order to merge views
about the conscious control of movement and to explain how attention to movement impacts
skilled performance under pressure (Masters & Maxwell, 2008). According to the Theory of
Reinvestment (Masters, 1992; Masters & Maxwell, 2008; Masters et al., 1993), and mirrored
by ‘explicit monitoring hypothesis’ (Beilock & Carr, 2001), high-pressure performance
situations increase movement self-consciousness, which can cause performers to direct more
attention to the process of skill execution. The Theory of Reinvestment proposes that
performers sometimes consciously manipulate explicit, rule-based information about how
they perform the skill, in an attempt to maintain or improve their performance (Masters &
Maxwell, 2008). In skilled performers, this attempt at conscious control may cause normally
integrated control structures to be broken down into a sequence of smaller, independent units,
that need to be separately controlled and executed (similar to how control is organized in
earlier stages of motor learning; e.g., Fitts & Posner, 1967), putting a strain on working
memory (i.e., occupying and potentially exceeding the individual’s capacity to effectively
process task-relevant information; Spillers et al., 2012) and introducing additional
opportunity for error.

In the literature, conscious motor processing is usually assessed subjectively with the
Movement Specific Reinvestment Scale (Masters et al., 2005), a 10-item questionnaire
designed to assess trait or state ‘movement self-consciousness’ and ‘conscious motor
processing’. Alternatively, studies have inferred conscious motor processing using less
subjective measures, such as reaction times during a skill-focused dual task (reflecting
attention to movement execution; e.g., Gray, 2004), electroencephalographic (EEG)
recordings of neural activation (in particular Fz-T3 coherence; e.g., Zhu et al., 2011), which
is taken to reflect verbal engagement in task execution (but see Parr, Gallicchio, & Wood,

2021, for a critical review), or by examining downstream effects on movement kinematics,
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which — due to conscious motor processing — can indicate a return to movement patterns that
are characteristic of earlier stages in motor learning (e.g., Pijpers et al., 2005).

Over the past three decades, many studies have investigated the implications of
conscious motor processing for performance in both experts and novices (e.g., see Beilock &
Gray, 2007; Masters & Maxwell, 2008; Roberts, 2019 for reviews). Until recently, however,
few studies have investigated if and how conscious motor processing is naturally induced in
pressure-filled performance situations and whether it directly contributes to performance
breakdown under pressure (cf. Nieuwenhuys & Oudejans, 2012; Oudejans et al., 2011). In a
seminal study, which directly addressed this issue, Gray (2004; Experiment 3) assessed
virtual baseball batting under low and high pressure conditions (control vs. pressure group).
Conscious motor processing was assessed using two dual-task conditions (extraneous and
skill-focused dual-tasks) compared to a single-task condition (baseball batting only). In the
extraneous dual-task condition, one of two tones (250 or 500 Hz) was presented after the ball
was released and participants responded by indicating whether the pitch of the tone was ‘low’
or ‘high’. In the skill-focused dual-task condition, participants responded to the tone by
indicating whether their baseball bat was moving ‘up’ or ‘down’ at the presentation of the
tone. Under pressure, performance decreased significantly, indicating that performance was
negatively impacted by the pressure manipulation. Additionally, under pressure in the skill-
focused dual-task condition, but not the extraneous dual-task condition, participants were
significantly better at indicating whether the bat was moving ‘up’ or ‘down’ during the tone.
This was taken to indicate that under pressure, participants were more aware of their swing,
suggesting that an increase in conscious motor processing may have contributed to the

observed reduction in batting performance.

Subsequent to Gray (2004), a growing number of studies have investigated effects of

pressure on conscious motor processing and performance in both sport and non-sport tasks
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(e.g., golf putting, darts throwing, walking, balance), employing a wide range of pressure
manipulations and measures of conscious motor processing (e.g., Cooke et al., 2011; Ellmers
& Young, 2020a; Lo et al., 2019; Stins et al., 2011). This systematic review aims to bring
together findings from these studies in order to quantify evidence for the idea that pressure
naturally leads to increases in conscious motor processing and, also, whether pressure-
induced changes in conscious motor processing are indeed associated with pressure-induced
changes in performance. As such, and in addition to previous reviews of the wider literature
on performance pressure and conscious motor processing (e.g., Beilock & Gray, 2007;
Masters & Maxwell, 2008; Roberts et al., 2019), the current review will seek to answer the
following two questions: (1) What is the influence of pressure on conscious motor processing
and — importantly — (2) To what extent does available evidence indicate that pressure-induced
changes in conscious motor processing are associated with (mediate) the influence of
pressure on motor skill performance? Based on the Theory of Reinvestment (Masters, 1992;
Masters & Maxwell, 2008), it was hypothesized that pressure would lead to an increase in
conscious motor processing and that — especially in expert performers — pressure-induced
increases in conscious motor processing would lead to a decrease in motor skill performance

under pressure across both sport and non-sport tasks.

Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA; Page et
al., 2021) 2020 guidelines were followed to conduct this review. Prior to conducting the
search, the review was registered on PROSPERO (International Prospective Register of

Systematic Reviews; registration number CRD42020190090).

Search strategy and study eligibility criteria
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An electronic search of PubMed, Scopus, SPORTDiscus, and Web of Science databases was
initially conducted on December 7, 2020 and then re-run on August 22, 2022 to gather
relevant studies related to conscious motor processing and performance under pressure. In
order to capture a broad range of studies, the following combination of search terms was
utilised: Conscious motor processing (OR conscious processing OR reinvestment OR explicit
monitoring OR skill focus OR movement focus OR attentional focus OR internal focus OR
self-focus OR attentional control OR executive control OR cognitive control) AND Pressure
(OR anxiety OR stress OR threat) AND Performance (OR task execution OR movement
execution OR skill execution). Peer reviewed, and English language were used as filters. Two
authors independently completed each step of the screening process and compared records.
Titles and abstracts retrieved using the search strategy were screened against predetermined
inclusion and exclusion criteria (see below). Full-text articles meeting the criteria were then
assessed for eligibility. Microsoft Excel was used to aid in the removal of duplicates within
search results from the different electronic databases and to record information about

inclusion and exclusion of articles in the screening process.

To be included in the review, studies were required to meet the following criteria: (1)
published in a peer-reviewed journal, (2) include a pressure manipulation, (3) include a
measure of conscious motor processing, and (4) test performance of a perceptual-motor skill.
Studies were excluded based on the following: (1) conscious motor processing was
experimentally manipulated, (2) the study involved skill acquisition (i.e., strategies that
directly influence engagement in conscious motor processing), (3) the study was not
published in the English language, and (4) the study was unpublished material (e.g., theses

and dissertations).

To provide further context regarding the inclusion and exclusion criteria, studies were

included if they utilized any means of increasing performance pressure (e.g., audience,
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competition, monetary incentive, etc.) within a group or condition. With regard to the
measure of conscious motor processing, a broad definition was deliberately implemented and
studies were included if they utilized a measure of conscious motor processing (e.g.,
questionnaire, skill-focused dual-task, EEG, movement kinematics) that assessed changes in
skill-focused attention (e.g., explicit monitoring) and/or changes in conscious control. A
motor skill was broadly defined as any perceptual motor task that requires the coordination of
movement in relation to perceptual information (e.g., balance, locomotion, aiming or
reaching in sport and non-sport settings, but not simple reaction time tasks). This review
sought to investigate how pressure naturally leads to increases in conscious motor processing
and thus any studies that experimentally manipulated conscious motor processing and used
conscious motor processing as an independent or predictor variable, were excluded. Finally,
studies involving skill acquisition were excluded only when the employed skill acquisition
strategy directly influenced participants’ engagement in conscious motor processing (e.g.,

implicit vs. explicit learning; Masters, 1992).
Data extraction and risk of bias assessment

Once all relevant articles were retrieved, risk of bias was assessed and the data extracted. The
following information was extracted from each article: author(s), publication year, sample
size, participant characteristics (i.e., age, gender, expertise level), study design, setting (i.e.,
sport vs. non-sport), motor task, pressure manipulation, performance measure, measure of
conscious motor processing, results, and conclusions. Some studies (e.g., Gray & Canal-
Bruland, 2015; Schiicker et al., 2013) performed post-hoc analyses comparing participants
that were and were not affected by the pressure manipulation (i.e., choking vs. clutch

performance). For these studies only results considering all participants were extracted.

Risk of bias of included studies was assessed by two authors using the Risk of Bias
Assessment Tool for Nonrandomized Studies (RoOBANS; Kim et al., 2013). No
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disagreements arose. The ROBANS contains 6 items to assess ‘selection of participants’,
‘confounding variables’, ‘measurement of exposure’, ‘blinding of outcome assessments’,
‘incomplete outcome data’, and ‘selective reporting’. Items are rated as ‘low’, ‘high’ or
‘unclear’ risk of bias. With regard to item 2 (confounding variables), articles were identified
as high risk of bias if studies that implemented a between-group manipulation of pressure did
not randomly assign participants to groups and did not monitor between-group differences in
relevant trait characteristics such as trait anxiety or reinvestment. Articles were identified as
high risk of bias for item 3 (measurement of exposure) if no manipulation check of pressure

was reported.

Strength of evidence

Due to heterogeneity in study methods and outcome reporting across the included studies, the
summary code classification system (Hase et al., 2019; Sallis et al., 2000) was utilised instead
of meta-analysis to quantify the strength of cumulative evidence for each research question.
Based on a formal mediation model (MacKinnon, Fairchild, & Fritz, 2007), which considers
associations between all factors included in the research question, strength of evidence was
calculated separately for: (1) the effect of pressure on performance, (2) the effect of pressure
on conscious motor processing, (3) the effect of conscious motor processing on performance,
and (4) the extent to which pressure-induced changes in conscious motor processing were
associated with (mediate) the effect of pressure on motor skill performance. Note that whilst
all associations were considered, associations #2 and #4 directly examined the current study’s
research question and hypotheses. The percentage of studies supporting each association was
calculated by dividing the number of effects providing positive, none, or negative support for
the association by the total number of effects available for that association (Sallis et al.,
2000). Based on the percentages calculated, support for each association was assigned a

summary code and classified as reflecting either ‘no support’ (“0”; 0%-33% of effects
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support the association), ‘indeterminate/inconsistent support’ (“?”’; 34%-59% of effects
support the association), or ‘positive support’ (“+; >60% of effects support the association).
Codes were doubled (“007, “??”, “++”) if four or more effects supported the (lack of)
association. Sub-analyses for: (i) task setting (sport vs. non-sport), (i1) expertise, and (iii)
measure of conscious motor processing, were conducted to further specify the strength of

cumulative evidence.
Results
Search results

The initial database search yielded 2940 results. After removing duplicates and screening
titles and abstracts, 377 articles remained for which full-texts were assessed for eligibility.
Inclusion/exclusion of articles was confirmed between two authors, with no disagreement
regarding inclusion of articles. Full-text assessment yielded 23 articles that met the inclusion
criteria and reference lists of these articles as well as citing articles were screened for further
eligible studies, resulting in the inclusion of 6 additional articles. Thus, a final list of 29

articles was identified as being appropriate to include in the systematic review (see Figure 1).
[Figure 1 here]
Risk of bias assessment

The risk of bias results are presented in Table 1. There were no disagreements between
assessors regarding risk of bias. A low risk of bias emerged for ‘selection of participants’
(93%) ‘confounding variables’ (97%), ‘measurement of exposure’ (90%), ‘incomplete
outcome data’ (100%), and ‘selective outcome reporting’ (97%). Risk of bias was largely
unclear for ‘blinding of outcome assessments’ (93%), with most studies not reporting

information on this potential source of bias.

[Table 1 here]
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Characteristics of included studies

A summary of characteristics and findings of the included studies is presented in Tables 2

and 3.

[Table 2 here]

[Table 3 here]

The sample size of included studies ranged from 11 to 82 participants, with a mean sample
size of 30 participants (SD = 19.24) per study and the total number of participants across all
included studies being 904. The majority of studies included participants of both genders;
however, eight studies included only males, one study included only females, and three did
not indicate a gender ratio. The age of participants for the 26 studies that indicated an age

statistic ranged from 17.50 to 77.60 years, with a mean age of 30.23 years across all studies

(SD = 17.94).

Studies were classified as sport or non-sport based on the type of motor task assessed
(15 sport, 14 non-sport). Of the 15 studies classified as a sport, three included both novice
and expert athletes, eight included only experts, and four included only novices. A range of
motor tasks was assessed across the studies (see Table 2), including golf putting (8), walking
(5), balance/postural control (6), baseball batting (2), rhythmic ball bouncing (1), aiming (1),
dart throwing (1), simulated driving (1), tennis serving (1), baseball pitching (1), climbing

(1), and basketball free throw shooting (1).

Pressure was manipulated through one or a combination of the following
manipulations: monetary incentive (15), competition (11), performing at a height (e.g.,
elevated platform or climb) (7), expert evaluation (4), postural threat (4), threat of shock (3),
videotaping (3), audience (2), constrained walking (1), threat of falling (1). Most studies

verified the success of their pressure manipulation with one or more manipulation checks.

12
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Self-report measures included fear of falling (0-100%; 6), State Trait Anxiety Inventory
(STAL 5), Immediate Anxiety Measures Scale (IAMS; 3), Mental Readiness Form-3 (MRF-
3; 3), Intrinsic Motivation Inventory (2), anxiety thermometer (2), and the Competitive State
Anxiety Inventory 2 (CSAI-2; 2). Objective measures included heart rate (4) and
electrodermal activity (2). Of the 26 studies that performed a manipulation check, 24 studies
successfully manipulated pressure or performed targeted analyses on those participants that
were affected by pressure. Two studies reported an unsuccessful manipulation of pressure
(Tanaka & Sekiya 2010,; Tanaka & Sekiya 2010p). Three studies did not perform a

manipulation check (Gray, 2004; Gage et al., 2003; Stins et al., 2011).

Finally, conscious motor processing was assessed using various measures (see Table
2). The majority of studies utilised an attentional focus questionnaire (8), while the remaining
studies assessed conscious motor processing using either a state version of the Movement
Specific Reinvestment Scale (S-MSRS; Masters et al., 2005) (6), kinematic data (6), a skill-
focused dual-task paradigm (5), EEG (2), verbal report (2) or a task-irrelevant dual-task

paradigm (1).

Strength of evidence

Influence of pressure on performance

Across the 29 studies that were included in the review, 80 effects examined the association

between pressure and performance (Table 4).

[Table 4 here]

Sum code calculations determined that 53% of effects supported the hypothesized
negative association between pressure and performance (indeterminate/inconsistent support),
with 41% and 6% of effects providing no support or support for the opposite association (i.e.,

improved performance under pressure; see Table 4). Strength of evidence was then calculated
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based on setting (sport vs. non-sport) and expertise (expert vs. novice). Strength of evidence
was highly similar across sport and non-sport settings (53% and 52%, respectively), again
reflecting indeterminate/inconsistent support. With regard to expertise, strength of evidence
was slightly higher for novices (55%) than for experts (43%), but in both cases was classified
as indeterminate/inconsistent support (see Table 4). Note that expertise was only quantified

for sport settings.
Influence of pressure on conscious motor processing

Fifty-six effects examined the association between pressure and conscious motor

processing (see Table 5).
[Table 5 here]

Overall, 64% of effects supported the hypothesized association (positive support),
indicating that pressure generally leads to an increase in conscious motor processing.
Strength of evidence was then calculated based on setting (sport vs. non-sport), expertise, and
the measure of conscious motor processing that was employed. Strength of evidence for sport
and non-sport settings was drastically different, with 48% (indeterminate/inconsistent
support) for sport settings and 79% (positive support) for non-sport settings. Strength of
evidence differed somewhat between experts and novices, with 33% for novices (no support)
and 45% for experts (indeterminate/inconsistent support). Note that expertise was only
quantified for sport settings. Finally, regarding the different measures of conscious motor
processing, strength of evidence varied depending on the measure. Strongest evidence was
observed for kinematic data (75%; positive support) and the state-version of the Movement
Specific Reinvestment Scale (67%; positive support). Weakest evidence was observed for
skill-focused dual task paradigms (38%; indeterminate/inconsistent support). Only a few

studies assessed conscious motor processing based on EEG, task-irrelevant dual-tasks, or
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verbal report. Observed strength of evidence for these measures was 50%

(indeterminate/inconsistent support; Table 5).

Sum codes calculations were not performed for the association between conscious
motor processing on performance, with only one study reporting the effect (Englert &
Oudejans, 2014; no effect). However, 12 effects across six studies were available for the
association between pressure-induced changes in conscious motor processing and pressure-
induced changes in motor skill performance (see Table 6). Overall, 42% of effects supported
the association (indeterminate/inconsistent support). In considering this number, it should be
noted that most studies performed regression analyses to examine the association and that
only two studies performed a formal mediation analysis (i.e., Cooke et al., 2011, and Englert

& Oudejans, 2014; both no effect).
[Table 6 here]

Strength of evidence was then calculated based on setting (sport vs. non-sport),
expertise, and the measure of conscious motor processing that was employed. With regard to
setting, strength of evidence was higher for non-sport settings (57%;
indeterminate/inconclusive support) than for sport settings (20%; no support), though in both
cases far from conclusive. With regard to expertise, strength of evidence was 0% (no support)
for experts and 33% (no support) for novices, although it should be noted that very few
effects were available for this analysis and that expertise was only quantified for sport
settings. Finally, strength of evidence across studies that used attentional focus questionnaires
and kinematic measures of conscious motor processing was 50% (indeterminate/inconsistent
support). For other measures of conscious motor processing, strength of evidence for the
association between pressure-induced changes in conscious motor processing and pressure-
induced changes in motor skill performance could not be determined, due to an insufficient

number of effects being available (see Table 6).
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Discussion
The current systematic review examined available evidence for the role of conscious motor
processing in the pressure-performance relationship. Specifically, this review sought to
answer the following questions: (1) What is the influence of pressure on conscious motor
processing and (2) to what extent does available evidence indicate that pressure-induced
changes in conscious motor processing are associated with (mediate) the effect of pressure on
motor skill performance? Results indicate that whilst there appears to be general support for
the hypothesis that pressure leads to an increase in conscious motor processing (Masters,
1992; Masters & Maxwell, 2008), at present, there is insufficient evidence to conclude that
pressure-induced changes in conscious motor processing directly contribute to performance

breakdown under pressure.
Included studies

A total of 29 studies were included in the review. All studies included an outcome measure of
conscious motor processing, examined performance of a perceptual-motor skill, and
performed an experimental manipulation of performance pressure. In most cases, the
manipulation of pressure was verified by means of a manipulation check and considered
successful. However, three studies did not verify their pressure manipulation (Gray, 2004;
Gage et al., 2003; Stins et al., 2011) and two studies reported their pressure manipulation to
be unsuccessful (Tanaka & Sekiya 2010,; Tanaka & Sekiya 2010p).! Studies examined a
range of motor skills across sport and non-sport settings and utilised a variety of measures to
assess conscious motor processing. Studies that examined performance in a sport setting,
assessed performance of experts as well as novices. Overall, risk of bias assessment showed

the included studies to have a relatively low risk of bias, with most studies scoring ‘low’ on

! Sum code calculations were re-run without these studies included. While this modified the percentages
trivially, exclusion of the articles did not cause any changes in sum code classifications or in the weight of
evidence for each hypothesis.
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five out of six items on the ROBANS (Kim et al., 2016; see Table 1). For one item (item 4),
risk of bias was generally rated as “‘unclear’, with almost none of the studies reporting blinded
outcome assessments (see Elmers et al., 2020a, and Schucker et al., 2013, for exceptions).
This is an issue that has been noted previously in the literature (e.g., Hase et al., 2019) and
while blinding of outcome assessments may not be necessarily problematic in case of
objective assessments and outcomes (e.g., reaction times), it may be an issue in case of
subjective assessments (e.g., scoring of movement quality) and in those cases leaves room for
improvement. For instance, researchers involved in the assessment of movement quality

should be blind to information relating to pressure condition, wherever possible.

The influence of pressure on performance

Across the included studies, pressure inconsistently resulted in negative effects on
performance, as was indicated by 53% of effects supporting the association, 41% showing no
effect, and 6% reflecting improved performance under pressure. While these findings are
limited by the inclusion criteria of the current study (i.e., included studies only cover a small
proportion of the broader pressure-performance literature) they are largely consistent with
prevailing insights, which show that whilst pressure often leads to a decrease in perceptual-
motor performance (e.g., see Beilock & Gray, 2007, and Payne et al., 2019, for reviews) this
is not always the case as not all individuals are equally sensitive to pressure (e.g., see Allen et
al., 2013 and Mosley & Laborde, 2015, for reviews) and performance environments may be
interpreted either as a challenge or threat depending on perceived task demands and available
coping resources (Hase et al., 2019). For example, characteristics such as trait anxiety, fear of
negative evaluation, self-consciousness, experience, and dispositional reinvestment can all
influence how an individual responds to pressure (Masters & Maxwell, 2008; Mesagno et al.,
2012). Apart from Englert and Oudejans (2014), Johnson et al. (2019y), Pijpers et al. (2005),

and Zabak et al. (2015), none of the included studies considered the potential influence of
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trait-like characteristics, thus introducing potential disparity in observed outcomes. Future
studies may consider including trait characteristics as co-variates in order to reduce the
potential disparity. Furthermore, ensuring that a proper pressure manipulation check is

performed is crucial to confirm that pressure was indeed experienced by participants.

In the current study, effects of pressure on performance were largely similar across
sport and non-sport settings; however, for sport settings, the negative effect of pressure on
performance was more commonly observed in novices than experts (i.e., with 55% and 43%
of effects supporting the association, respectively; see Table 5). This, again, is in line with the
literature (Roberts et al., 2019) and may be due in part to experts having more experience in
performing the specific motor task under pressure-invoking situations. Moreover, previous
research has shown that experts possess a greater repertoire of coping strategies to effectively

deal with pressure (e.g., Calmeiro et al., 2014).
The influence of pressure on conscious motor processing

Immediately speaking to the research question and hypotheses, results from the current
review show that across the included studies, pressure generally led to an increase in
conscious motor processing. This finding is directly in line with the Theory of Reinvestment
(Masters, 1992; Masters & Maxwell, 2008) and, with 64% of effects supporting the
association, provides evidence for the idea that conscious motor processing naturally and
spontaneously increases under pressure (cf. Nieuwenhuys & Oudejans, 2012; Oudejans et al.,
2011; for discussion). As with the effect of pressure on performance, one reason why
pressure does not always lead to an increase in conscious motor processing may be that not
all individuals are equally inclined to engage in conscious motor processing (e.g., Masters et
al., 1993). For example, research suggests that individuals with a higher propensity for
reinvestment (e.g., higher scores on the trait version of the MSRS) are more likely to engage

in conscious motor processing under pressure (Masters & Maxwell, 2008). Moreover,
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differences in challenge vs. threat appraisals may also influence findings, as individuals who
appraise the performance situation as a challenge rather than a threat have been shown to
exhibit less conscious motor processing (Moore et al., 2013). Apart from Wilson et al. (2007)
and Zabak et al. (2015), none of the studies in the current review considered the potential
influence of these characteristics, thus introducing potential disparity in observed outcomes.
Also, it should be acknowledged that an increase in conscious motor processing does not
mean that distraction or worries do not increase as well and may potentially impact

performance (see Nieuwenhuys & Oudejans, 2012, 2017, for review).

To gain further insight, effects of pressure on conscious motor processing were
analysed separately for sport vs. non-sport task settings. Interestingly, the observed strength
of evidence was much higher for non-sporting tasks (with 79% of effects supporting the
association) than for sporting tasks (with 48% of effects supporting the association; see Table
4). A potential explanation for this disparity may be that many of the examined non-sport
tasks involved so-called phylogenetic motor skills that are executed on a daily basis and
would normally be expected to require little conscious control (e.g., walking and standing;
Young et al., 2016, and Zaback et al., 2005; see Table 1). Potentially, low attentional
requirements for non-sporting tasks such as walking or standing leave more room for
pressure-induced increases in conscious motor processing to occur, as opposed to sporting
tasks which, especially for non-experts, are already characterized by higher levels of

conscious control (Fitts & Posner, 1967).

In sport settings, pressure-induced increases in conscious motor processing were
somewhat more commonly observed in experts (45% of effects supporting the association)
than novices (33% of effects supporting the association). Although speculative, one
explanation for this may be the existence of a potential ceiling effect for novices. In the early

stages of motor learning skill execution is effortful and requires a great deal of conscious
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control (Fitts & Posner, 1967), so there may be less scope for pressure-induced increases in
conscious motor processing to occur. The opposite is true for experts. Since experts have
more experience with the task they are likely to have a larger body of explicit knowledge
available to reinvest under pressure and, since conscious control of movement is argued to
affect at least partially automated movements, this would be most reflected in expert

performance (Masters & Maxwell, 2008).

Finally, strength of evidence was shown to vary depending on the measure of
conscious motor processing that was used. Subjectively, the association was most strongly
supported by studies that used the state version of the Movement Specific Reinvestment
Scale (S-MSRS; Masters et al., 2005), showing comparable results for the movement self-
consciousness and conscious motor processing subscales. Similarly, studies that used
customized attentional focus questionnaires also showed consistent support for the
association. Findings from this group of studies, however, may need to be approached with
some caution because the questionnaires were often not validated and, in some cases,
reflected difference scores rather than asking for attentional focus in each condition
separately (Tanaka & Sekiya, 2010,, 2010y, 2011). Furthermore, whilst conscious motor
processing by definition is a conscious process, a more general critique on subjective
measures is that they are retrospective and that the degree to which an individual can
accurately recall and report engaging in conscious motor processing may therefore be

questionable (Payne et al., 2019).

Objectively, effects of pressure on conscious motor processing were most strongly
supported by measures of movement kinematics, with 75% of effects supporting the
association. More direct measures of conscious motor processing, such as EEG (Fz-T3
coherence; 50%) and skill-focused dual-task paradigms (38%), only resulted in inconsistent

support, with the low support for skill-focused dual-task paradigms potentially reflecting
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uncertainty about whether the task indeed probed aspects of the movement that are likely to
receive more attention under pressure (for a review and critique on EEG measures of
conscious motor processing, see Parr et al., 2021). Importantly, objective measures of
conscious monitoring often do not distinguish between monitoring and control aspects of
conscious motor processing (cf. Masters & Maxwell, 2008) and although the degree of
observed support may vary between measures, lower support does not necessarily imply that
a particular measure is also less sensitive or valid. Future work, which contrasts and
compares various (subjective and objective) measures of conscious motor processing under
specific attentional focus conditions (e.g., reflecting various degrees of conscious
engagement in movement execution), may help researchers to select the most appropriate

measure for their study.

Do pressure-induced increases in conscious motor processing impact performance

under pressure?

Although many studies that were included in this review concluded that effects of pressure on
performance were related to observed (pressure-induced) increases in conscious motor
processing, only six studies directly examined this association (see Table 3). Across the 12
effects that were available, 42% supported the association, leading to the overall conclusion
that, at present, there is insufficient evidence to conclude that pressure-induced changes in

conscious motor processing directly contribute to performance breakdown under pressure.

As with the effect of pressure on conscious motor processing, support was stronger
across non-sport settings than sport settings, with 57% and 20% of effects supporting the
association, respectively. Across two experiments, Ehrlenspiel et al. (2010) observed changes
in kinematic indicators of conscious motor processing under pressure to be associated with
changes in variable error (but not absolute error) in a virtual ball-bouncing task. Johnson et

al. (2019a) observed pressure-induced changes in attentional focus to be associated with
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changes in two out of three indicators of postural control in a balance (standing) task. In sport
tasks, support for the association was found by Tanaka and Sekiya (2010b) in a golf putting
task (i.e., one out of two attentional focus change-scores associated with pressure-induced
changes in putting accuracy), but not by Cooke et al. (2011; golf putting), Englert and
Oudejans (2014; tennis serve) or Lo et al. (2019; dart throwing). Most studies performed
regression or correlation analyses to examine the association between change scores in
conscious motor processing and change scores in performance. Of the two studies that
performed mediation analyses, Englert and Oudejans (2014) observed that instead of being
mediated by conscious motor processing, effects of pressure on performance were mediated
by an increase in distraction, whilst Cooke et al. (2011) observed mediation by increases in
heart rate and on-task effort. Importantly, based on the small number of observations,
differences between sport and non-sport task settings should be approached with caution and
at this stage are more likely to be related to characteristics of individual studies (e.g.,
observed variability in conscious motor processing and performance, sample size, validity of

outcome measures) rather than anything else.

In considering the lack of consistent support for the idea that pressure-induced
changes in conscious motor processing directly contribute to performance breakdown under
pressure, it is important to acknowledge the robust performance effects that are indicated in
the broader literature on conscious motor processing (e.g., see Masters & Maxwell, 2008, and
Roberts et al., 2019, for reviews) as well as the fact that strict inclusion criteria applied in the
current review caused some studies that confirm mediation but included skill acquisition
strategies that directly influence engagement in conscious motor processing to be excluded
(e.g., Daou et al., 2019; Malhotra et al., 2015). All in all, in order to move forward in the
literature and confirm or falsify prevailing theories and hypotheses (e.g., Beilock & Carr,

2001; Masters, 1992; Masters & Maxwell, 2008), more studies are required that directly
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examine the extent to which pressure-induced increases in conscious motor processing
contribute to performance breakdown under pressure. Doing so, will not only contribute to
understanding of the mechanisms that govern skill breakdown under pressure, but will also
provide a stronger basis for interventions (e.g., Liao & Masters, 2002; Shiicker et al., 2013).
By providing evidence that conscious motor processing directly contributes to observed
effects of pressure on motor skill performance, we can be confident that interventions that

target reinvestment are likely to have a positive effect.

Limitations

Although the current systematic review was conducted methodically, there are some possible
limitations. First, while the risk of bias assessment deemed included studies to generally have
a low risk of bias, most studies did not report whether outcome assessments were blinded.
Future studies could improve on blinding of outcome assessments by ensuring that, where
possible, researchers involved in the assessment of outcomes variables do so without
information relating to the condition that participants were performing under. Additionally, it
is important to note that the studies included in this review showed relatively large disparity
in methodology, which makes it difficult to interpret overall strength of evidence for the
research questions. To overcome this limitation, sub-analyses were performed for selected
study characteristics (task setting, expertise, measure of conscious motor processing).
However, it should be acknowledged that distinguishing between study characteristics in
some cases led to a low number of available effects, especially for the association between
pressure-induced changes in conscious motor processing and performance under pressure
(Table 6), which impacts the robustness of reported outcomes. Finally, it should be
acknowledged that the current study adopted a broad definition of conscious motor
processing and that, based on the measures of conscious motor processing that were

employed, many of the included measures are unable to distinguish between internal, skill-
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focused attention (e.g., explicit monitoring; Beilock & Carr, 2001; cf. Wulf, Shae, & Park,
2001) and deliberate attempts to consciously control movement (Masters, 1992; also see
Masters & Maxwell, 2008). Future studies are encouraged to select more direct measures of
conscious motor processing, such as the movement-specific reinvestment scale (Masters et
al., 2005) or EEG (Zhu et al., 2011), which may allow dissociating between attention and

control processes.
Conclusion

To conclude, the current systematic review comprehensively examined available evidence for
the role of conscious motor processing in the pressure-performance relationship. In line with
the Theory of Reinvestment (Masters, 1992; Masters & Maxwell, 2008) and related models
of skill breakdown under pressure (e.g., explicit monitoring; Beilock & Carr, 2001), general
support was observed for the hypothesis that increases in performance pressure lead to
increases in conscious motor processing. The current review is the first to systematically
quantify evidence for this phenomenon and, with 56 effects across 29 studies included in the
analysis, the observed support of 64% may be considered relatively robust. Insufficient
evidence, however, was available to support the hypothesis that pressure-induced increases in
conscious motor processing directly contribute to performance breakdown under pressure (12
effects; 42% support). Future studies should be designed to directly examine this association
and, in addition, may examine which environmental and personal factors make pressure-
induced increases in conscious motor processing more likely to occur. Furthermore, future
studies may concurrently assess pressure-induced increases in conscious motor processing
and distraction (e.g., worrisome thoughts) in order to uncover the conditions under which
either process occurs and impacts on performance. Doing so will progress understanding

about the mechanisms that govern skill breakdown under pressure (e.g., Nieuwenhuys &
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Oudejans, 2012, 2017; Roberts et al., 2019) and provide an evidence basis for future

Interventions.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of search results.
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Table 1. Risk of bias assessment

Ref. #  Article Items
1 2 3 4 5 6

1 Arsal et al. (2016) Low Low Low Unclear Low Low
2 Allsopetal. (2017) Low Low Low Unclear Low Low
3 Cooke et al. (2011) Low Low Low Unclear Low Low
4 Ehrlenspiel et al. (2010) Low High Low Unclear Low High
5 Ellmers & Young (2018) Low Low Low Unclear Low Low
6 Ellmers & Young (2019) (Exp. 1) Low Low Low Unclear Low Low
7 Ellmers et al. (2020.) Low Low Low Low Low Low
8 Ellmers et al. (2021) Low Low Low Unclear Low Low
9 Englert & Oudejans (2014) Low Low Low Unclear Low Low
10 Gage et al. (2003) Low Low High Unclear Low Low
11 Gallicchio et al. (2016) Unclear Low Low Unclear Low Low
12 Gray (2004) (Exp. 3) Low Low High Unclear Low Low
13 Gray & Allsop (2013) (Exp. 2) Low Low Low Unclear Low Low
14  Gray & Cafial-Bruland (2015) Low Low Low Unclear Low Low
15 Grayetal. (2013) Low Low Low Unclear Low Low
16  Gray etal. (2017) Low Low Low Unclear Low Low
17  Huffman et al. (2009) Low Low Low Unclear Low Low
18  Johnson et al. (2019,) Low Low Low Unclear Low Low
19 Johnson et al. (2019v) Low Low Low Unclear Low Low
20 Loetal. (2019) Low Low Low Unclear Low Low
21  Pijpers et al. (2005) (Exp. 2) Low Low Low Unclear Low Low
22 Schiicker et al. (2013) Low Low Low Low Low Low
23 Stins et al. (2011) Low Low High Unclear Low Low
24  Tanaka & Sekiya (2010a) Unclear Low Low Unclear Low Low
25 Tanaka & Sekiya (2010b) Low Low Low Unclear Low Low
26  Tanaka & Sekiya (2011) Low Low Low Unclear Low Low
27  Wilson et al. (2007) Low Low Low Unclear Low Low
28  Young et al. (2016) Low Low Low Unclear Low Low
29  Zaback et al. (2015) Low Low Low Unclear Low Low

Note: Item 1 = selection of participants; item 2 = confounding variables; item 3 =

measurement of exposure; item 4 = blinding of outcome assessments; item 5 = incomplete

outcome data; item 6 = selective outcome reporting (RoBANS; Kim et al., 2013).
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Table 2. Summary of included studies.

Ref.  Article Sample Age (M) Design Setting Expertise Motor Task  Pressure Manipulation Performance Measure of CMP
# Size measure
(Male)
1 Arsal et al. (2016) 52 (45)  21.65/21.85 Mixed Sport Novice/expert Golf putt e Expert evaluation o Putting score e Verbal report
e Monetary incentive o Task duration
2 Allsop et al. (2017) 24(11) 25.3 Mixed Non-sport NA Aiming task e  Competition e Movement time e Kinematic Data
e Monetary incentive o Absolute/variable
e Videotaping error
3 Cooke et al. (2011) 50 (44) 20.3 WS Sport Expert Golf putt e  Competition o Putting score e S-MSRS
e Monetary incentive e Mean radial error
e Videotaping
4a Ehrlenspiel et al. 48 (19) - Mixed Non-sport NA Rhythmic e Competition e Absolute error e Kinematic Data
(2010) (Exp. 1) ball bouncing e Monetary incentive e Variable error
4b Ehrlenspiel et al. 24 (10) - Mixed Non-sport NA Rhythmic e Competition e Absolute error e Kinematic Data
(2010) (Exp. 2) ball bouncing e  Monetary incentive o Variable error
5 Ellmers & Young 15 (8) 25.5 WS Non-sport NA Walking e Elevated platform e Stepping accuracy o S-MSRS
(2018) o Gait speed
6 Ellmers & Young 14 (6) 259 WS Non-sport NA Walking e Elevated platform e Stepping error o Verbal report
(2019) (Exp. 1) o Task duration
7 Ellmers et al. (2020a) 18 (7) 71.2 WS Non-sport NA Walking e Elevated platform o Stepping error o Attentional focus
o Task duration questionnaire
o Stance duration
8 Ellmers et al. (2021) 26 (7) 74.2 WS Non-sport NA Standing e Elevated platform e Postural control e Attentional focus
questionnaire
9 Englert & Oudejans 53 (34) 299 BS Sport Expert Tennis serve e  Expert evaluation e Serve accuracy e Attentional focus
(2014) e Competition questionnaire
10 Gage et al. (2003) 31(11) 22.4/67.5 WS Non-sport NA Walking o Elevated platform o Gait kinematics o Task-irrelevant
e Constrained walking dual-task
11 Gallicchio et al. 20 (20) - Mixed Sport Novice/expert Golf putt e Competition e Putting score e S-MSRS
(2016) e Monetary incentive * EEG
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12

13

14

15

16

17

18

19

20

21

22

23

Gray (2004) (Exp. 3)

Gray & Allsop
(2013) Exp. 2)

Gray & Caiial-
Bruland (2015)

Gray et al. (2013)

Gray et al. (2017)

Huffman et al. (2009)

Johnson et al. (2019.)

Johnson et al. (2019s)

Loetal. (2019)

Pijpers et al. (2005)
(Exp. 2)

Schiicker et al.
(2013)

Stins et al. (2011)

12

20

25 (17)

13 (11)

24 (24)

48 (24)

80 (30)

54 (25)

21 21)

15 (13)

22(22)

18 (6)

21.7

20.1

20.7

22.6/23.9

248

21.7

70/22.2

21.8

20.7

17.5

26.0

Mixed

WS

WS

WS

Mixed

WS

WS

Mixed

WS

WS

WS

WS

Sport

Sport

Sport

Sport

Sport

Non-sport

Non-sport

Non-sport

Sport

Sport

Sport

Non-sport

Expert Baseball
batting
Expert Baseball
batting
Expert Golf putt
Expert Golf putt
Expert Baseball
pitching
NA Standing
NA Standing
NA Standing
Novice Dart throwing
Novice Climbing
Expert Basketball
free throw
NA Standing

Competition
Monetary incentive

Competition
Monetary incentive

Audience

Competition
Monetary incentive

Competition
Monetary incentive

Expert evaluation
Competition
Monetary incentive

Postural threat

Postural threat

Postural threat

Videotaping
Monetary incentive
Threat of shock

Elevated climb

Expert evaluation

Elevated platform

Mean temporal
swing error

Mean # of hits

Mean radial error

Putting accuracy

# targets hit
Mean pitch
velocity

Postural control

Postural control

Postural control

Throwing score

Climbing time
Movement time
Total contact time
Hand/foot holds
contact time

Free throw score

Postural control

o Skill-focused
dual-task

o Skill-focused
dual-task
o Skill-focused

dual-task

e Kinematic data

e Kinematic data

e S-MSRS

o Attentional focus
questionnaire

o Attentional focus
questionnaire

o EEG

e Kinematic data

o Skill-focused
dual-task

e Kinematic data
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24

25

26

27

28

29

Tanaka & Sekiya
(2010a)

Tanaka & Sekiya
(2010v)

Tanaka & Sekiya
(2011)

Wilson et al. (2007).

Young et al. (2016)

Zaback et al. (2015)

11(11)

16 (16)

20 (20)

24(0)

24

82 (44)

21.2/24.7

19.6

19.7

19.0

77.6

24.0

Mixed

WS

WS

WS

WS

WS

Sport

Sport

Sport

Non-sport

Non-sport

Non-sport

Novice/expert

Novice

Novice

NA

NA

NA

Golf putt

Golf putt

Golf putt

Driving Task

Walking

Standing

Audience
Monetary incentive

Threat of shock
Monetary incentive

Threat of shock
Monetary incentive

Competition
Monetary incentive

Threat of falling

Postural threat

Putting score

Putting score

Putting score

Completion time

Task duration

Postural control

o Attentional focus
questionnaire

o Attentional focus
questionnaire

o Attentional focus
questionnaire

o Skill-focused
dual-task

e S-MSRS

e S-MSRS

Note: WS = within subject; BS = between subject; CMP = conscious motor processing; S-MSRS = State version of the Movement Specific Reinvestment Scale
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Table 3. Summary of findings

Ref.# 1. Pressure > Performance 2. Pressure > CMP CMP > 4. Mediation Conclusions
Performance

1 Pressure decreased performance No effect of pressure on CMP - - Task duration increased under
(increased task duration; 73,°= .29), no (mechanics thoughts) pressure while CMP and putting
effect on putting score score were unaffected

2 No effect of pressure on movement Pressure increased CMP (increase in - - Performance changes under
time (7,° = 0.15) or absolute variability of kinematic landmarks) pressure may be related to CMP
error/variable error

3 Pressure increased performance Pressure decreased CMP (S-MSRS score - Influence of pressure on Performance accuracy increased
(decreased MRE; 7, = .13), no effect higher under low-pressure condition; 7,° performance not mediated by  under pressure, CMP decreased
on number of putts holed =.25) CMP under pressure, while number of

putts holed was unaffected

4a Pressure increased performance No effect of pressure on CMP (closed- - Changes in closed-loop Performance increased, while
(absolute error and variable error loop control unaffected) control associated with CMP was unaffected by
decreased) changes in variable error but  pressure. ACMP associated with

not absolute error. APerformance

4b Pressure increased performance Pressure increased CMP (closed-loop - Changes in closed-loop Performance and CMP
(absolute error and variable error control increased) control associated with increased under pressure.
decreased) changes in variable error but ~ ACMP associated with

not absolute error APerformance

5 No effect of pressure on accuracy or Pressure increased CMP (CMP subscale - - CMP increased under pressure,

gait speed of S-MSRS higher during high-pressure while performance was
condition (73,° = .31), no difference in unaffected
MSC subscale

6 Pressure decreased performance Pressure increased CMP (more attention - - Performance changes under
(increased task duration; d = .85), no directed towards movement processes) pressure may be related to CMP
effect on stepping error

7 Pressure decreased performance Pressure increased CMP (more attention - - Performance changes under

(increased task duration (173,° = .47), and
stance duration (13,° = .50)), no effect
on stepping error (1,° = .17)

directed towards movement processes)

pressure may be related to CMP
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10

11

12

13

14

15

16

Pressure decreased performance (2 of 3
postural variables significantly affected
by pressure)

Pressure decreased tennis serve
accuracy (B =-.24)

Pressure decreased performance for
both the constrained and unconstrained
walking conditions (increased stance
duration, decreased gait speed), no
effect on stride length

No effect of pressure on number of
putts holed (1,° = .16)

Pressure decreased performance (mean
temporal swing error increased,
Cohen’s f=1.23)

Pressure decreased performance (mean
number of hits decreased)

Pressure decreased performance
(increased MRE; 7,° = .49)

No effect of pressure on performance
(putting accuracy unaffected)

Pressure decreased performance (less
target hits; 7,° = .66), mean pitch
velocity was unaffected

Pressure increased CMP (more attention
directed towards movement processes

No effect of pressure on CMP (skill-
focus not affected; B =.09)

Pressure increased CMP (increased RT)
in the constrained condition, no effect of
pressure in the unconstrained condition

No effect of pressure on CMP. S-MSRS
scores not affected (17,°=.00). T7-Fz
ISPC not affected (17,° = .056).

Pressure increased CMP (increased
accuracy on the skill-focused task;
Cohen’s f=.62). No effect on extraneous
dual task.

No effect of pressure on CMP (skill-
focused and extraneous dual task
performance unaffected).

Pressure increased CMP (lower accuracy
on the hole (external; 7,° = .42)
secondary task and higher accuracy on
the club (internal; 7,° = .50) secondary
task)

Pressure increased CMP (4 of 5
kinematic variables significantly affected
by pressure)

Pressure increased CMP (3 of 4
kinematic variables significantly affected
by pressure

No effect of CMP
on tennis serve
accuracy (B =.02)

Influence of pressure on
performance not mediated by
CMP (B =-.02)

Performance changes under
pressure may be related to CMP

Performance was negatively
impacted by pressure, while
CMP was unaffected. ACMP
not associated with
APerformance

Performance changes under
pressure may be related to CMP

Pressure did not result in any
significant alterations in
performance or CMP

Performance changes under
pressure may be related to CMP

Performance was negatively
impacted by pressure while
CMP was unaffected.

Performance changes under
pressure may be related to CMP

CMP increased under pressure,
while performance was
unaffected

Performance changes under
pressure may be related to CMP
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17

18

19

20

21

22

23

24

Pressure decreased performance (2 of 3
postural variables significantly affected
by pressure

Pressure decreased performance (3 of 6
postural variables significantly affected
by pressure) in both the threat no-
experience and threat experience
condition

Pressure decreased performance (4 of 6
postural variables significantly affected
in both the threat early and threat late
trials compared to baseline)

Pressure decreased performance (lower
dart throw total score; 7,° = .24

Pressure decreased performance
(increased total climbing time (ES =
1.17), average movement time between
holds (ES = 1.11), total contact time
(ES = 1.23), and contact time with hand
and foot holds (ES=1.13-1.33))

No effect of pressure on performance
(performance scores unaffected; 7,° =
.08)

Pressure decreased performance
(increase mean AP COP position). No
effect on variability of AP COP.

No effect of pressure on performance
(putting score unaffected)

Pressure increased CMP (scores
increased in both CMP and MSC
subscales)

Pressure increased CMP (more attention
towards movement processes) in both the
threat no-experience and threat
experience condition

Pressure increased CMP from baseline in
both the threat early and threat late trials
(more attention towards movement
processes)

Pressure increased CMP (elevated T3-Fz
coherence)

Pressure increased CMP (increased
exploratory movements; £S=.66). No
difference in performatory movements.

No effect of pressure on CMP (dual-task

performance unaffected; 7,° = .07)

Pressure increased CMP (increased MPF
and sample entropy). No effect on F95.

No effect of pressure on CMP
(calculated CMP score unaffected)

Pressure-induced changes in
CMP associated with
pressure-induced increase in
2 of 3 postural variables (B =
.31-.32; more CMP =
decreased postural control)

No significant linear
relationship between changes
in T3-Fz EEG high-alpha
coherence and performance
accuracy under pressure

Performance changes under
pressure may be related to CMP

Performance decreased while
CMP increased under pressure.
ACMP associated with
APerformance

Performance changes under
pressure may be related to CMP

Performance decreased while
CMP increased under pressure.
ACMP not associated with
APerformance

Performance changes under
pressure may be related to CMP

Pressure did not result in any
significant alterations in
performance or CMP

Performance changes under
pressure may be related to CMP

Pressure did not result in any
significant alterations in
performance or CMP
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25

26

27

28

29

No effect of pressure on performance
(putting score unaffected)

No effect of pressure on performance
(putting score unaffected)

No effect of pressure on performance
(completion time unaffected)

No effect of pressure on performance
(task duration unaffected)

Pressure decreased postural control, for
the quiet standing all 3 postural
variables significantly affected (7,° =
.64). For the rise to toes task the 2
postural variables significantly affected

(1’ = .55).

Pressure increased CMP (score on CMP
items significantly different from ‘0”)

No effect of pressure on CMP items
(score on CMP items not significantly
different from ‘0°)

Pressure decreased CMP (decreased
accuracy on the skill-focused task)

Pressure increased CMP (higher S-CMP
and S-MSC scores)

Pressure increased CMP (higher S-CMP
scores) in both the quiet standing (7,° =
.14) and rise to toes task (7,°=.11).
Higher S-MSC scores in rise to toes task
(n,° = .055), no effect in quiet standing.

1 of 2 CMP items (Q1)
significant predictor of LP-
HP differences in putting
scores (ff =.52; more CMP =
more affected by pressure)

CMP increased under pressure,
while performance was
unaffected

Performance and CMP
unaffected by pressure. CMP
(change) score associated with
APerformance

Pressure did not result in any
significant alterations in
performance or increases in
CMP

CMP increased under pressure,
while performance was
unaffected

Performance changes under
pressure may be related to CMP

Note: CMP = Conscious motor processing; MSC = Movement self-consciousness; LP = low pressure; HP= high pressure; MRE = mean radial error; AP COP = anterior-posterior centre-of-
pressure; MPF = mean power frequency; F95 = 95% power frequency. Effect sizes reported where available (13,° = partial eta-squared [ANOVAs]; ES = effect size [t-test]; B = unstandardized

regression coefficient [regression analyses]; f = standardized regression coefficient [regression analyses]
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Table 4. Effect of pressure on performance

Percentage of effects supporting association

Article number Number of effects Positive Negative No effect Sum
Code
Overall effect 1-29 80 6 53 41 7
Setting
Sport 1,3,9,11,12,13,14,15,16,20,21,22,24,25,26 21 5 52 43 ?7?
Non-Sport 2,4,5,6,7,8,10,17,18,19,23,27,28,29 59 7 53 41 7?
Expertise
Expert 1,3,9,11,12,13,14,15,16,22,24 14 7 43 50 7?
Novice 1,11, 20, 21, 24, 25, 26 11 0 55 45 7?

Note: “0” indicates that 0% to 33% of the studies supported the association, “?” indicates that 34% to 59% of the studies supported the
association, and “+” indicates that 60% or more of the studies supported the association (Sallis et al., 2000). Codes are doubled (“??”, 00, or ++
if 4 or more studies supported the association.
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Table 5. Effect of pressure on conscious motor processing

Percentage of effects supporting association

Article number Number of Positive Negative No effect Sum Code
effects
Overall effect 1-29 56 64 4 32 ++
Setting
Sport 1,3,9,11,12,13,14,15,16,20,21,22,24,25,26 27 48 4 48 7
Non-Sport 2,4,5,6,7,8,10,17,18,19,23,27,28,29 29 79 7 17 ++
Expertise
Expert 1,3,9,11,12,13,14,15,16,22,24 22 45 5 50 7?
Novice 1,11,20,21,24,25,26 9 33 0 67 00
Measure of CMP
Attentional focus 7,8,9,18,19,24,25.26 10 70 0 30 ++
questionnaire
EEG 11,20 2 50 0 50 ?
Kinematic data 2,4,15,16,21,23 20 75 0 25 ++
Skill-focused dual-task 12,13,14,22,27 8 38 13 50 7?7
S-MSRS 3,5,11,17,28,29 12 67 8 25 ++
Task-irrelevant dual-task 10 2 50 0 50 ?
Verbal report 1,6 2 50 0 50 ?

Note: CMP = conscious motor processing; “0” indicates that 0% to 33% of the studies supported the association, “?” indicates that 34% to 59% of the studies supported the association, and “+”
indicates that 60% or more of the studies supported the association (Sallis et al., 2000). Codes are doubled “??”, 00, or ++ if 4 or more studies supported the association.
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Table 6. Changes in CMP associated with changes in performance

Percentage of effects supporting association

Article number Number of Positive Negative No effect Sum Code
effects
Overall effect (ACMP > APerformance) 3,4,9,18, 20, 26 12 42 0 58 ?7?
Setting
Sport 3,9,20,26 5 20 0 80 00
Non-Sport 4,18 7 57 0 43 7
Expertise
Expert 3,9 2 0 0 100 0
Novice 20,26 3 33 0 67 0
Measure of CMP
Attentional focus 9, 18, 26 6 50 0 50 7?7
questionnaire
EEG 20 1 - - - -
Kinematic data 4 4 50 0 50 7
Skill-focused dual-task - - - - - -
S-MSRS 3 1 - - - -
Task-irrelevant dual-task - - - - - -
Verbal report - - - - - -

Note: CMP = conscious motor processing; “0” indicates that 0% to 33% of the studies supported the association, “?” indicates that 34% to 59% of the studies supported the association, and “+”
indicates that 60% or more of the studies supported the association (Sallis et al., 2000). Codes are doubled “??”, 00, or ++ if 4 or more studies supported the association.
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