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ABSTRACT

Background: A comprehensive examination of psyching-up strategies prior to maximal force
production is imperative to examine the efficacy of psyching-up, identify beneficial strategies for
practitioners, and direct future investigations. The aim of this systematic review was to examine the
efficacy of psyching-up strategies on maximal force production. Methods: The systematic review
followed PRISMA guidelines. A systematic search was carried out in SPORTDiscus, PsychINFO,
PsychARTICLES, MEDLINE, Google Scholar, and Web of Science. Studies were included if they used an
experimental design, sampled adults, the independent variable included a psyching-up strategy that
matched the working definition, and measured maximal force production measure. Results: Twenty-
seven independent studies met the inclusion criteria for this review. Collectively, 65% of the trials
found that psyching-up facilitates maximal force production. Free-choice psyching-up, motivational
self-talk, PETTLEP imagery, and prescribed preparatory arousal all consistently enhanced
performance. There was also evidence that disparity in the results might be due to the competitive
experience of the participants and the type of control condition. Conclusion: The findings suggest
that free-choice psyching-up, motivational self-talk, PETTLEP imagery and prescribed preparatory
arousal may enhance maximal force production. Future research should recruit experienced athletes

to identify and test the efficacy of strategies used by applied practitioners.



INTRODUCTION

Developing and utilizing an athlete’s maximal force production is required for optimal performance
in various sports (33). Alongside physical training, many athletes and coaches believe ‘psyching-up’
improves force production (40). In practice, these strategies typically aim to alter arousal, focus,
efficacy, or confidence to enhance physical and mental activation (6). This is achieved through a
wide variety of cognitive interventions, such as free-choice (51), preparatory arousal (14), self-talk
(1), emotive imagery (29), stimulus imagery (13), and attention control (30) immediately prior to skill
execution. Despite promising evidence for these strategies, it is important to synthesize evidence on
the efficacy of psyching-up strategies for force production, understand inconsistent findings,

examine the research designs implemented, and identify gaps for future research.

Psyching-up strategies refer to self-directed cognitive techniques that are conducted immediately
prior to or during the execution of a skill to enhance performance (50). Although similarities exist
between the strategies used while psyching-up and general cognitive interventions (e.g., 9, 11), the
distinguishing factor is the acute nature of psyching-up, designed to elicit an immediate effect. At
the forefront of current psyching-up research are four primary strategies: preparatory arousal, self-

talk, imagery, and attentional focus.

Preparatory arousal is a self-directed method to increase physiological and psychological intensity
(64). In accordance with the Yerkes-Dodson law (66), it is proposed that as physiological and
psychological arousal increases so does performance, until the arousal level peaks, and further
increases in arousal become counterproductive and inhibit performance. Alternative theories such
as multi-dimensional anxiety theory (23) and individual zones of optimal functioning theory (38)
share this philosophy, proposing the goal of preparatory arousal is to increase physiological arousal

to optimal levels to facilitate performance.



Self-talk has been defined as dynamic multidimensional verbalizations to oneself, which possess
interpretive elements associated with the task to serve one of two functions: to instruct or to
motivate (18). Instructional self-talk involves the athlete using phrases to direct themselves toward
the technical elements of the skill, whereas motivational self-talk involves the athlete utilizing
phrases to enhance confidence and motivation. The task-matching hypothesis (19) proposes that
instructional self-talk is better suited to skill, timing or precision tasks (5), with motivational self-talk
being optimal for strength (1) and endurance tasks (10). Support for this hypothesis has been
equivocal, demonstrating partial meta-analytical support, with one supporting the hypothesis (20),

and a review from the same year reporting limited evidence (53).

Imagery is a specific mental process that creates or recreates an experience (43). This strategy is one
of the most commonly practiced interventions in sport psychology, and can improve performance,
enhance cognitive skills, and aid injury rehabilitation (43). Research has aided the development of
the efficacy of imagery interventions evolving from stimulus only imagery to PETTLEP imagery (22).
There are seven factors within PETTLEP imagery: physical, environment, task, timing, learning,
emotion, and perspective, which can influence the extent to which the imagery activates the
appropriate neural areas associated with the task. Comparisons between PETTLEP imagery and
stimulus only have consistently reported PETTLEP imagery to outperform stimulus only imagery (45,
63). Imagery has been utilized in various ways to enhance strength performance through aiming to:
improve neural adaptions such as motor unit activation, coordination, and decreasing co-contraction
of antagonistic muscles (42); enhance arousal through emotive imagery (29); increase self-

confidence and efficacy; and decrease anxiety (49).

Attentional focus strategies require the athlete to allocate mental resources to appropriate cues or
stimuli (31). Differences have been proposed in the effectiveness of strategies that direct attention
towards an internal compared to an external cue (30). The constrained action hypothesis states that

when an individual makes a conscious effort to control their own movements, it constrains the



motor system interfering with automatic motor control processes that normally regulate the
movement (27). Based on this theory, strength performance should be enhanced through an

external rather than internal focus of attention (65).

Although the aforementioned strategies have been used in research and practice, there is mixed
evidence regarding their effectiveness. Despite athletes and coaches believing that performance is
enhanced through these strategies (40, 52), empirical evidence has reported positive (50, 52), null
(6, 26), and even detrimental effects (13, 29) on maximal force production. Accordingly, synthesizing
the literature can summarize empirical evidence regarding the efficacy of psyching-up. Thus, if the
present review concludes that only some psyching-up strategies enhance force production, the
findings could enable athletes, coaches, and psychologists to better design and implement

interventions to improve performance in both training and competition.

The dependent variable in this review is maximal force production. Maximal force production is the
maximal voluntary force produced from a muscle group, or group of muscles, varying from maximal
strength and explosive power (47). Many explosive-sport based athletes are required to generate
maximum voluntary contractions, such as shot-putters (39), sprinters (3), and powerlifters (55).
Thus, if psyching-up strategies improve force production, utilizing effective psyching-up strategies

could help optimize athletes’ performance.

Since the origin of psyching-up research in 1978 (40) there have been limited literature reviews. A
2003 narrative review focused on the effects of psyching-up strategies on muscular strength,
endurance, and power, concluding that psyching-up enhances strength performance and that
preparatory arousal appeared to be the most effective strategy (51). Following this, a systematic
review in 2015 (54) focused on the effect of cognitive strategies on strength performance. The
findings suggested that cognitive strategies typically enhanced performance, with 69% of imagery
studies, 100% of goal-setting studies, 60% of self-talk studies, 55% of preparatory arousal studies,

and 63% of free choice psyching-up reporting significant increases in maximal strength. The previous



reviews provided valuable insight into strategies for force-related performance, but to date no

review has systematically collated research specific to psyching-up strategies.

The present review complements and extends the previous literature in three key ways. First, this is
the first review to systematically examine psyching-up strategies and their efficacy on maximal force
production. Second, it assesses the methodological quality of studies, which could impact the quality
and consistency of evidence. Third, the review focuses on the effects of strategies in relation to
passive and/or active control conditions, and the experience levels of the participants. Synthesizing
the current evidence could provide crucial insight into the efficacy of psyching-up strategies,
potential reasons for mixed findings, and directions and methodological considerations for future
research. Additionally, the findings should provide practitioners with greater insight into the
potential effectiveness of psyching-up, allowing for more informed decisions to facilitate optimal

performance.

The overall purpose of the present paper was to review the literature examining the effects of
psyching-up on maximal force production, using a transparent systematic approach. The primary aim
was to examine the efficacy of psyching-up strategies on maximal force production. The secondary
aim was to assess the methodological quality of studies and moderating factors, such as the type of
intervention used, the sample, and the control condition that might explain any heterogeneity in the

evidence-base.

METHODS

The present review was developed following the guidelines provided by the preferred reporting

items for systematic reviews and meta-analyses 2020 (PRIMSA 2020).

INFORMATION SOURCES, SEARCH STRATEGY AND SELECTION PROCESS

The search strategy included: (a) an online search conducted on the 16 of December 2022 using the

following databases: SPORTDiscus, PsychINFO, PsychARTICLES, MEDLINE, Google Scholar, and Web



of Science; (b) a manual forward and back search of retrieved articles; and (c) a manual review of
reference lists of relevant narrative and systematic reviews and meta-analyses. Titles, abstracts, and
key words were searched online, utilizing Boolean operators, using the following string: Psyching OR
Arousal AND Strength OR “Weight-lifting task” OR “Force-Production”. The initial search terms were
developed by the lead author (KC), with the aid of co-authors (PF; JM) and the departmental
librarian (GC), and then conducted by KC. The search results were collated using EndNote, with
duplicates automatically deleted by the software and manually by the lead author during the
screening process. The studies were then exported to an Excel spreadsheet, containing the author
names and titles of all the articles gathered, where titles were screened for eligibility by the lead
author. The remaining potentially relevant abstracts and full texts were then screened by two
researchers (KC and JP). One discrepancy was resolved via discussion, with the study being excluded

as it contained participants who were under the age of 18.

ELIGIBILITY CRITERIA

Studies were required to meet the following inclusion criteria:

(a) An experimental design, with counterbalancing or randomization, comparing psyching-up

interventions to a control.

(b) The independent variable/s had to be self-directed cognitive techniques that were
conducted immediately prior to or during the execution of a skill with the purpose of

enhancing performance.

(c) The dependent variable must be a measurable maximal force production output.

(d) The sample must be healthy adults, aged at least 18 years.

(e) The retrieved articles must be available in full-text English, or as a full-text translation,

prior to the end of the data collection period (December 2022).



(f) The retrieved articles must also be published in a peer-reviewed journal, scoring at least a

moderate risk of bias using the Cochrane risk of bias tool.

ASSESSMENT OF RISK OF BIAS

The lead author followed the instructions in the Cochrane Handbook for Systematic Reviews of
Interventions (21) to assess the risk of bias in the included studies using the Risk of Bias 2 Tool
(RoB2) (46), which is a valid tool to assess the methodological quality of randomized trials (28).
Specifically, the following five domains were considered: randomization process, deviations from the
intended interventions, missing outcome data, measurement of the outcome, and selection of the
reported result. If relevant information was not reported within an article, attempts were made to
contact the lead author. Seven authors were contacted, and three provided the requested
information. When no response was received, interpretations were made based on the full text, with

the options “probably” or “no information” selected.

SYNTHESIS METHODS

The present review extracted data to report into tables. Firstly, for each article we extracted the
author/s, study design, participant characteristics (sample size, sex, age, and participant type), type
and timing of the intervention, type of control condition, dependent variable, and key findings. Next,
to analyze the efficacy of each psyching-up strategy, for each independent variable, the number of
significant and nonsignificant results were tallied. As psyching-up could inhibit or facilitate
performance, we tallied both positive (+) and negative (-) findings, in addition to null (0) findings.
Additionally, tallies were calculated for active and passive control conditions in addition to the type
of participant. Based on descriptions and interpretations of the full text, participants were classified
into the following categories: undergraduate student, novice, weight-trained, and athlete. Novice
refers to any individual whose report specifies the individual had no prior, or limited, training

experience. Weight-trained refers to individuals with specified resistance training experience, but no



report of competing within sports. Finally, athletes were classified as participants recruited
specifically due to their sporting experience. Lastly, the direct comparisons between the strategies
within the articles were extracted and presented using a contingency table showing the number of
direct comparisons along the left-hand side of the diagonal line, and the right-hand side showing the
percentage in which each trial significantly outperformed the other, in addition to nonsignificant

findings.

Due to the variety of strategies meeting the criteria of “psyching-up”, the interventions were
categorized into six types. Following the initial categorization, further sub-groups were developed to
enable a more nuanced understanding of the efficacy of strategies in facilitating maximal force
production. In the occurrence of articles combining multiple strategies, an additional category was

created (category 4). The final categories and sub-groups are listed below:

1) Preparatory Arousal
a) Prescribed Preparatory Arousal
b) Self-Selected Preparatory Arousal
2) Self-Talk
a) Motivational Self-Talk
b) Instructional Self-Talk
3) Imagery
a) Stimulus Only Imagery
b) PETTLEP Imagery
c) Emotive Imagery
4) PETTLEP Imagery & Motivational Self-Talk
5) Attentional Focus
a) Internal Attentional Focus

b) External Attentional Focus



6) Relaxation

7) Free-Choice Psyching-Up

RESULTS

Below we report the results of the systematic review. First, we summarize the literature search and
sifting process. This is followed by a risk of bias findings for the included studies. We then report the
main findings on whether psyching-up strategies influenced maximal force production overall, the
efficacy of each strategy, and direct comparisons between strategies. Finally, we report the potential

moderating effects of the control conditions and the level of competitive experience.

LITERATURE SEARCH

Figure 1 displays an overview of the search and screening process. The initial search identified 3,381
potential studies. Following the removal of duplicates, and the screening of titles and abstracts, the
pool of potential articles was 33. The full text of these 33 articles was screened, which led to a
further 12 papers being excluded. A further five papers were identified through the manual search
processes, giving 26 included articles, containing 27 studies. Reasons for excluding studies at the full
text stage included: the independent variable did not meet the criteria of psyching-up strategies
(27% of rejected studies), the dependent variable was not a measure of maximal force production
(18%), participants were younger than 18 years (9%), research design (27%), and the article was not
published in a peer reviewed journal (18%). All the remaining articles were assessed for risk of bias,
with all articles classified as at least a moderate risk of bias. The final articles are summarized in

Table 1.

ASSESSMENT OF RISK OF BIAS

Overall, the risk of bias was deemed low or medium in all the items included on the checklist (Fig. 2).
Of the 27 studies, 69% were rated as low risk, and 31% as medium risk. The greatest risk was the

bias in the selection of the reported result, with 27% of the studies rated as medium within this
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domain. Additionally, 15% of studies were rated as a medium risk of bias from the randomization
process. Bias due to deviations from intended interventions, missing outcome data, and outcome

measurement were all rated low in all the included studies.

DESCRIPTIVE CHARACTERISTICS OF INCLUDED STUDIES

The present review was based on a total population of 1022 (728 males, 256 females, 38 not
specified). As presented in Table 2, from the retrieved 27 studies, 55% of samples were male only,
with no female only samples. Regarding sample size, 74% of the studies recruited less than 60
participants. Only 26% of the retrieved articles recruited participants with notable competitive

experience within sports.

MAIN FINDINGS

EFFECTS OF PSYCHING-UP STRATEGIES ON MAXIMAL FORCE PRODUCTION

Table 3 summarizes the effectiveness of psyching-up strategies on maximal force production.
Overall, from the 26 articles, 93 effects were reported that compared an intervention to a control
condition. From these comparisons, 60 (65%) reported that psyching-up interventions had positive
effects on performance. Twenty-six (28%) of the comparisons indicated that there was no effect of
psyching-up, and 11 (8%) comparisons reported a negative effect on performance when compared

to a control condition.

PREPARATORY AROUSAL

The effect of preparatory arousal on maximal force production was examined in 11 studies that
collectively reported 26 comparisons against a control condition. As presented in Table 3, 69% (n =
18) of the effects found that the preparatory arousal condition outperformed the control condition,
whereas 4% (n = 1) of effects found that the control condition was superior. Further, when the

intervention was prescribed, the percentage of comparisons in which the preparatory arousal
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condition outperformed the control condition was 74% (n = 17). Self-selected preparatory arousal
techniques only outperformed the control condition in 33% (n = 1) of trials, with the remaining trials
reporting no difference between the control and intervention conditions. However, one study that
used self-selected preparatory arousal strategies explored the moderating effect of competitive
experience; it found that in highly experienced competitive athletes, they only outperformed the
control condition with a self-prescribed strategy, whereas the participants with moderate
competitive experience experienced greater performance enhancement through prescribed

strategies (60).

SELF-TALK

The effect of self-talk on maximal force production was examined in six studies that collectively
reported 11 comparisons against a control. As presented in Table 3, 82% (n = 9) of the effects found
that the self-talk condition outperformed the control condition, with 9% (n = 1) reporting that the
control condition was superior. Self-talk strategies were then categorized into the sub-groups of
motivational and instructional self-talk. A selection of studies used the terminology ‘self-efficacy’,
and after further investigations into the methodologies, these studies were categorized within the
motivational self-talk group. Motivational self-talk consistently increased maximal force production,
with 89% (n = 8) of the nine comparisons reporting that the motivational self-talk condition
outperformed the control condition, whereas 11% (n = 1) reported negative effects. Conversely, only
two studies examined instructional self-talk, and 50% (n = 1) found that self-talk outperformed the

control condition and 50% (n = 1) reported no significant difference.

IMAGERY

The effect of imagery on maximal force production was examined in 10 studies that collectively
reported 29 comparisons against a control. As presented in Table 3, imagery presented equivocal

results with 52% (n = 15) of the effects found that the imagery condition outperformed the control
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condition, and 10% (n = 3) of the effects found that the control condition was superior. When the
imagery methodology was analyzed, the interventions were further subdivided into PETTLEP,
stimulus only, and emotive imagery. PETTLEP imagery outperformed the control condition in 68% (n
= 13) of the effects, with the remaining 32% (n = 6) not being statistically significant. Further, from
the effects that were not significant, 67% (n = 4) originated from an article that tested how changing
the duration between psyching-up and the output impacted performance, with the trials that were
three and five minutes prior to the output finding no significant effects (16). Stimulus only imagery
only outperformed the control condition in 33% (n = 2) of the comparisons, with the remaining 67%
(n = 4) not statistically significant. None of the emotive imagery comparisons found that imagery
outperformed the control condition, with the control condition significantly outperforming emotive

imagery in 75% (n = 3) of the effects.

PETTLEP IMAGERY & MOTIVATIONAL SELF-TALK

A combination of PETTLEP imagery and motivational self-talk strategies was investigated in one
article (43), which examined an effect on two outcome measures. As presented in Table 3, both

(100%) of the effects found that the combination of strategies outperformed the control condition.

ATTENTIONAL FOCUS

The effect of attentional focus on maximal force production was examined in four studies that
collectively reported nine comparisons against a control. As shown in Table 3, 44% (n = 4) of the
effects found that the attentional focus condition outperformed the control condition, with the
remaining 56% (n = 5) effects not statistically significant. Further subgroup analysis was performed
on internal and external focused strategies. An internal focus outperformed the control condition in
only 29% (n = 2) of the effects, with the remaining 71% (n = 5) effects not statistically significant.
Conversely, both effects for externally focused cues found that the intervention outperformed the

control condition.
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RELAXATION

The effect of relaxation on maximal force production was examined in two studies that collectively
reported three comparisons against a control. As presented in Table 3, the relaxation condition did
not outperform the control condition in any of the trials, with 67% (n = 2) of the effects finding that
the control condition was superior, and 33% (n = 1) that the conditions were not significantly

different.

FREE CHOICE PSYCHING-UP

The effect of free choice psyching-up on maximal force production was examined in six studies that
collectively reported 13 comparisons against a control condition. As presented in Table 3,92% (n =

12) of the effects found that free choice psyching-up condition outperformed the control condition,
whereas 8% (n = 1) were not statistically significant. From the six articles, only one (39) reported the

participants’ preferred strategy: attentional focus.

DIRECT COMPARISONS

As presented in Table 4, 29 direct comparisons were made between strategies within this review.
From these comparisons, only seven significant differences were reported, with preparatory arousal
significantly outperforming self-talk (n = 1), imagery (n = 2), and attentional focus (n = 2), and
imagery also outperformed preparatory arousal (n = 2). The remaining 22 comparisons reported no

significant differences between strategies.

MODERATOR VARIABLES

CONTROL CONDITION

The effects of psyching-up strategies were examined in 26 articles, across 27 studies, collectively
reporting 93 comparisons against a control condition. Of these comparisons, 36 (39%) psyching-up

interventions were compared against a passive control condition, and 57 (61%) were compared
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against an active control condition. When interventions were compared against passive control
conditions, 58% (n = 21) reported positive effects of the intervention. When compared against an

active control condition, 68% (n = 39) reported positive effects for the intervention.

PARTICIPANT COMPETITIVE EXPERIENCE

The effect of the participants’ competitive experience on the efficacy of the strategies was examined
across the 27 studies. Of the 93 comparisons, 32 (34%) used undergraduate students, nine (10%)
used novice participants, 25 (27%) used weight-trained individuals, and the remaining 27 (29%) used
athletes. Just 53% (n = 17) of the comparisons that used undergraduates found the psyching-up
condition outperformed the control condition, and 16% (n = 5) found that the control condition was
superior. In novice participants, 56% (n = 5) of the effects indicated that psyching-up strategies
outperformed the control condition, with 11% (n = 1) indicating that the control condition was
superior. In weight-trained participants, 84% (n = 21) of the effects indicated that the psyching-up
condition outperformed the control group, and 0% that the control condition was superior. Finally,
in athletes, 63% (n = 17) of the effects indicated that the psyching-up condition outperformed the

control condition, and 4% (n = 1) indicated that the control condition was superior.

SUMMARY

The majority of the trials within this review suggest a positive effect of psyching-up strategies.
Prescribed-preparatory arousal strategies, motivational self-talk, PETTLEP imagery, external
attentional focus, and free-choice psyching-up enhanced strength performance in over 67% of the
trials. Trials that used an active control condition reported more consistent positive effects (68%) of
psyching-up strategies, compared to passive control conditions (58%). Finally, trials that used
participants with weight training experience provided the most consistent evidence of the efficacy of
psyching-up strategies with 84% of trials facilitating performance, whereas only 53% of trials that

used undergraduate students reported that strategies facilitated performance.
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DISCUSSION

EFFECTS OF PSYCHING-UP STRATEGIES ON MAXIMAL FORCE PRODUCTION

The aims of the present review were to examine the efficacy of psyching-up strategies on maximal
force production and assess the methodological quality of the studies and potential moderating
factors. This review found 93 comparisons against control conditions, and 29 direct comparisons
between interventions, derived from a total of 26 articles that contained 27 experimental studies.
The results indicate that psyching-up strategies can facilitate maximal force production, with 65% of
the comparisons demonstrating a positive effect. These results are based on research utilizing 12
variations of psyching-up strategies across various forms of maximal force production. The use of
prescribed preparatory arousal, motivational self-talk, PETTLEP imagery, external attentional focus,
and free choice psyching-up showed consistently positive effects on performance. Conversely,
stimulus only imagery, internal attentional focus, and relaxation typically had no impact or adverse

effects on performance.

PREPARATORY AROUSAL

The findings suggest that the utilization of preparatory arousal enhances performance across a
variety of different maximal force outputs. These findings are consistent with previous attempts to
collate the data investigating cognitive strategies on maximal force production (51, 54). Categorizing
the strategies into subgroups suggests that most researchers have utilized prescribed cues rather
than self-selected cues. Only one article investigated the effectiveness of self-selected cues, and
found that only when the participants had high levels of competitive experience was performance
was enhanced (60). With the relationship between physiological arousal and performance being
dependent upon being in an optimal state (66), participants without sufficient experience of eliciting
preparatory arousal cues and/or of the task could surpass or fail to reach this optimal level. This

offers a potential explanation for the singular effect where the prescribed-arousal condition was
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significantly outperformed by the control condition (13). Specifically, the novice participants were
instructed to “get mad” prior to their trial so it might be that the participants exceeded the optimal
arousal and therefore inhibited their performance. Overall the findings suggest that preparatory
arousal cues can be an effective strategy to enhance performance, however, further investigation is

required to determine the efficacy of self-selected cues.

SELF-TALK

Self-talk demonstrated favorable results, suggesting the strategy is effective for enhancing
performance in force-production tasks. More specifically, 89% of the comparisons between
motivational self-talk and a control condition reported a positive effect. Only two effects of
instructional self-talk have been reported, with only one of these effects reporting that instructional
self-talk condition outperformed the control condition. The strong support for the benefits of
motivational self-talk on maximal force production, and limited and inconsistent evidence for
instructional self-talk, align with the matching hypothesis (19). The theory proposes motivational
self-talk is better suited to tasks requiring greater physical effort and energy expenditure, such as
the tasks and outcomes in this review. Therefore, when engaging in self-talk strategies to maximize

force-output, individuals should focus on motivational statements rather than instructional.

IMAGERY

Overall evidence for effects of imagery on maximal force production appear equivocal. However,
PETTLEP imagery was generally effective, with stimulus and emotive imagery less so, albeit less
researched. Four of the effects that did not support the efficacy of PETTLEP imagery came from a
singular study, with the time intervals between the imagery script and the output acting as a
moderator (16). The article found this across two outcome measures, with performing the strategy
three and five minutes prior to the trial not significantly benefiting performance. In contrast, when

the intervention was administered immediately, one or two minutes prior to the trial, the imagery
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condition outperformed the control condition. When analyzing the efficacy of stimulus only imagery
compared to PETTLEP imagery, our results indicate that PETTLEP is the most effective method to
enhance performance. This is consistent with previous research (45, 63). Further, emotive imagery
did not significantly enhance performance in any of the studies and was outperformed by the
control condition in 75% of comparisons. Despite the limited body of evidence, we theorize a
possible explanation for this. Due to the imagery scripts trial attempting to increase arousal through
elevating emotions of fear and anger, this may have resulted in physiological arousal levels

exceeding an optimal point (66).

FREE-CHOICE PSYCHING-UP

The present results suggest that allowing participants to select their own psyching-up strategy has a
positive effect on maximal force production. Specifically, 92% of the trials utilizing free-choice
psyching-up enhanced performance, with only one trial not facilitating performance (26).
Unfortunately, only one article reported the preferred strategies of the participants (40). In a cohort
of competitive weightlifters, attentional focus cues were the favored strategy while performing a
hand dynamometer trial, although it was not reported whether the attentional cues were internally
or externally focused. Regardless, the preference for attentional cues might reflect the high
requirement of coordination and technical focus required within weightlifting (4). Further, 75% of
the trials that investigated free-choice psyching-up used participants with a minimum of 12 months
of experience weight-training. We speculate that the participants might have selected strategies
they had previously used, become accustomed to, and developed a high level of belief in within their
own training. Therefore, this could account for the high level of positive effects compared to other
strategies. Additionally, in the two trials that directly compared free-choice psyching-up to an
alternate strategy, none of the participants reported any competitive experience, potentially

explaining the null findings from these comparisons (Table 4).

REMAINING STRATEGIES
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Given the limited number of effects within this review for attentional focus, relaxation and strategy
combinations, conclusive evidence was not found. The present review found inconsistent effects of
attentional focus on maximal force production. However, categorizing the strategy into internal and
external focus sub-groups did indicate a potential trend consistent with the constrained action
hypothesis (27). The theory proposes that when focus is placed on internal cues, automatic motor
processes that regulate movement are obstructed, thus inhibiting motor performance. Based on the
current findings, an external attentional focus appears more effective than an internal focus, but

more research is required.

When relaxation was utilized as a psyching-up strategy, it was significantly outperformed by the
control condition in two of the three trials. Additionally, a relaxing emotive imagery condition was
also outperformed by the control condition (29). Eliciting a parasympathetic state through relaxation
strategies (8) might be sub-optimal for performance. While in a parasympathetic state, energy is
conserved through decreasing the heart rate, enhancing digestion, and increasing enzyme and
hormone production control sugar within the bloodstream (25). Conversely, when in a sympathetic
state, blood flow towards the working muscles is increased, the uptake of oxygen and the
elimination of carbon dioxide is maximized through relaxing the smooth muscles that surround the
lungs, and greater availability of metabolic energy is provided through increased concentration of
glucose and fatty acids in the blood (25). Thus, being in a sympathetic state is not just optimal for
producing maximal force, it is essential. Therefore, future applications and research on psyching-up

to enhance maximal-force production should consider alternatives to relaxation strategies.

The use of combined strategies was limited within this review to one article that examined PETTLEP
imagery with motivational self-talk (44). The combination of strategies outperformed the control
condition in both the half squat and the bench press exercise, whereas PETTLEP imagery with no
self-talk did not elicit a significant difference from the control condition. Despite this providing a

valuable premise on which to build future research, as the article did not also examine motivational
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self-talk in isolation, further exploration is required to provide insight into the efficacy of this

strategy combination.

DIRECT COMPARISONS

Direct comparisons between intervention strategies produced limited evidence of an optimal
strategy. From the retrieved articles, nine studies containing 29 trials directly compared various
interventions including preparatory arousal, self-talk, imagery, attentional focus, relaxation, and
free-choice psyching-up. Only seven comparisons identified significant differences and there was no
consistent trend amongst these. Most comparisons (76%) reported null findings. Due to limited
research comparing strategies and some contradictory findings, there is no compelling evidence

within this review for an optimal strategy.

MODERATOR VARIABLES

SAMPLE

The efficacy of psyching-up strategies might vary across different cohorts. Although the efficacy of
strategies was higher in athletes compared to undergraduates and novice participants, the most
consistent positive effect was found within weight-trained individuals. This might be due to athletes
and weight-trained individuals having had previous experience using psyching-up strategies through
leisure or sport, but also could reflect familiarity with the tasks and output measures. All six articles
that recruited weight-trained individuals reported the participants had vast prior experience with
the output, whereas only two (16, 17) of the seven articles that recruited athletes used an output
measure that was specific to their respective sport. Although athletes’ previous experience may
have some transferability, the nature of the output could influence the effectiveness of the
psyching-up strategy. Accordingly, future research should employ experienced participants, utilizing

variables specific to their chosen population (54).

CONTROL CONDITIONS
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A greater number of comparisons used an active control condition rather than passive. From the
trials that utilized active control conditions, 68% of the interventions had positive effects, compared
to 58% that used a passive condition (Table 3). An active control condition may prevent participants
from unintentionally using a cognitive strategy, although it provides a risk of inhibiting performance
by directing cognitive attention away from the task (17). Specifically, during active control
conditions, participants were asked to complete mental arithmetic (e.g., 6, 13, 14) and reading tasks
(e.g., 6,32, 61), thereby increasing cognitive load on the participants. This increased cognitive load
prior to tasks can decrease strength performance (15) and increase the risk of injury (24). As such, in
comparisons involving active control conditions, the effect observed could, in part, be because the
control condition hindered performance, as well as the psyching-up strategy enhancing

performance.

METHODOLOGICAL QUALITY OF INCLUDED STUDIES

Overall, the body of evidence shows a low level of bias (69%). Failing to report pre-planned analysis
and a lack of clarity over concealment and randomization processes contributed to some articles
being rated as having a moderate risk of bias. Additionally, 19% of articles relied upon a sample size
of less than 20 participants, raising potential risks of the statistical power and reproducibility of the
results. Further, males accounted for 74% of the participants across the studies, and no studies
recruited only female participants. Due to this, it is not clear if the efficacy of psyching-up strategies

varies across sexes.

FUTURE RESEARCH DIRECTIONS

Intervention scripts within the articles often lacked specificity and could potentially inhibit
performance, particularly when attempting to optimize arousal levels. Directions to the participants
included being told to “get emotionally charged up”(14), “get mad, get pumped up, get charged up”

(13), and “get[ting] as mad and as charged up as you can”(61), often on participants with no
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reported competitive experience. This highlights the necessity of investigating the methods currently
used by practitioners, to enhance the ecological validity of the literature, allowing for more effective
interventions to be prescribed within articles. Additionally, due to the definition emphasizing that
psyching-up must be self-directed, various strategies currently performed by practitioners and
athletes to psych-up may not be considered, such as watching videos (35), listening to music (2), or
using ammonia (37). Although such strategies are commonly seen within sports, and considered part
of the cognitive preparations of competition day (62), they were not considered within the
parameters of this review. Accordingly, future research should focus on identifying the strategies
practitioners and athletes currently use and perceive as beneficial to help bridge the gap between

research and practice.

Analysis of strategies such as self-selected arousal cues and attentional focus have received limited
research. Self-selected arousal cues have shown positive effects in participants with higher levels of
competitive experience (60), while attentional focus was the preferred strategy of competitive
weightlifters (40). Accordingly, research should place greater emphasis on investigating the efficacy
of these strategies. In doing so, authors should evaluate the strategies used in practice, allowing
practitioners to make more informed decisions regarding optimal strategies and how they are
implemented. Additionally, this review found only one article that investigated the effects of
combining strategies. Although the present review has highlighted limitations within the

methodology, the premise of strategy combination should be further explored.

Analysis of the samples in the retrieved articles highlighted various potential nuances in the efficacy
of the strategies. Despite the appealing nature of recruiting undergraduate students for accessibility,
the current findings demonstrate disparity in the efficacy of the strategies compared to athletes,
particularly weight-trained individuals. As previously stated, we theorize the higher efficacy in
weight-trained individuals might be due to prior experience with the output measure and the

interventions. Further, although 56% of the articles sampled only males, there was no article with a
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specific focus on females, and no studies compared the efficacy of the intervention between the two
sexes. Therefore, future research should focus on recruiting participants, preferably athletes, with
equal numbers of males and females, and use an output measure specific to their sport. In doing so,
analysis should be conducted to highlight any potential variation across males and females, which
could provide insight to allow researchers and practitioners to prescribe the most effective strategy

to an individual.

Investigation of the methods and research designs within the articles highlighted more positive
effects in studies that used an active control condition (68%) compared to a passive control
condition (58%). Future research should utilize passive control conditions, or a combination of active
and passive control conditions, to prevent false positive effects being reported due to any
potentially adverse influence of active control conditions. Additionally, despite 93 comparisons
between intervention strategies and control conditions within this review, there were only 29
comparisons between different strategies. Further research that directly compares strategies is

important to progress understanding of psyching-up and identify if there is an optimal strategy.

PRACTICAL IMPLICATIONS

The present findings suggest that psyching-up strategies can positively affect maximal force
production. Based on current results, preparatory arousal, motivational self-talk, PETTLEP imagery,
or a free-choice psyching-up strategy should be used immediately prior to the task to maximize
performance. There was also some support for the use of an external attentional focus. Although the
present review did not identify one optimal strategy, it has indicated some interventions that should
potentially be avoided: Stimulus only imagery, emotive imagery, internal attentional focus, and
relaxation. The number of effects within this review, however, prevents definitive

recommendations.
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The findings suggest that experienced athletes might benefit from having autonomy over the
strategy they utilize for psyching-up. However, conversations with coaches should take place to
maximize the effectiveness of the strategy. For example, one should consider content and timing,
such as using PETTELP rather than stimulus only imagery, and within 2 minutes of performance (16).
Finally, practitioners should ensure that if they are prescribing preparatory arousal strategies to
inexperienced athletes, to do so with clear instructions to facilitate athletes achieving an optimal

state.

LIMITATIONS

Despite following the PRIMSA 2020 guidelines, some limitations should be acknowledged in the
current review. First, the categorization of strategies had potential overlap between the
interventions. For example, emotive imagery could overlap with preparatory arousal or relaxation.
To address this, when categorizing interventions and collating sample characteristics, we followed
the terminology used by the authors of the primary studies for our classifications. Second, the
current review excluded non-English studies, which might influence the findings, although a previous
review into the effects of plyometric training found less than 0.5% of studies in that context did not
use English (36). Third, gray literature was not included in this review, so the results may be subject
to publication bias, where articles that fail to report significant or null findings are not published.
Therefore, there is a possibility that the present article over-represents the value of psyching-up
strategies. However, the publication process often ensures ethical and transparent research
methodology, giving greater confidence that the included articles within this research have
produced valid results. Finally, due to the heterogeneity of the methodologies used within the
retrieved articles, a meta-analysis could not be performed. Though a meta-analysis would provide
more precise findings, a review is inherently limited by the primary studies. However, through our
data extraction, we have collated and presented the findings appropriately for the existing literature

on psyching-up strategies.
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CONCLUSIONS

The present review was the first to systematically examine the efficacy of psyching-up strategies on
maximal force production, in addition to assessing the methodological quality of the studies and
potential moderating factors. The findings suggest that psyching-up can have positive effects on
maximal force production. The most consistent and positive evidence exists for preparatory arousal,
motivational self-talk, PETTLEP imagery, and a free-choice psyching-up strategy. Future research
should explore the strategies used by applied practitioners and athletes, and conduct research on
athletes using tasks and outputs specific to their sport. Practitioners should allow experienced
athletes autonomy in choosing their preferred strategy, while simultaneously guiding the athletes

towards the strategies within this review that consistently enhance performance.

Conflicts of Interest and Source of Funding: The authors report no conflicts of interest and no source

of funding.

REFERENCES

1. Bahari SM, Shojaei M, Mokhtari P. The effect of overt and covert self-talk on the
performance of force-production task. Eur J Exp Biol 2: 1200-1203, 2012.

2. Ballmann CG, McCullum MJ, Rogers RR, et al. Effects of preferred vs. nonpreferred music on
resistance exercise performance. J Strength Cond Res 35: 1650-1655, 2021.

3. Bezodis NE, Willwacher S, Salo AIT. The biomechanics of the track and field sprint start: a

narrative review. Sports Med 49: 1345-1364, 2019.

4, Bishop C, Chavda S, Turner A. Exercise technique: the push press. Strength Cond J 40: 104-
108, 2018.
5. Boroujeni ST, Shahbazi M. The effect of instructional and motivational self-talk on

performance of basketball's motor skill. Procedia Soc Behav Sci 15: 3113-3117, 2011.



10.

11.

12.

13.

14.

15.

16.

25

Brody EB, Hatfield BD, Spalding TW, et al. The effect of a psyching strategy on
neuromuscular activation and force production in strength-trained men. Res Q Exerc Sport
71:162-170, 2000.

Charbaghi Z. The effect of motivational self-talk on arousal and performance in a force
production task. J Appl Behav Sci 4: 8-10, 2019.

Chin MS, Kales SN. Understanding mind—body disciplines: A pilot study of paced breathing
and dynamic muscle contraction on autonomic nervous system reactivity. Stress Health 35:
542-548, 2019.

Cornwall MW, Bruscato MP, Barry S. Effect of mental practice on isometric muscular
strength. JOSPT Cases 13: 231-234, 1991.

de Matos LF, Bertollo M, Stefanello JMF, et al. Motivational self-talk improves time-trial
swimming endurance performance in amateur triathletes. Int J Sport Exerc Psychol 19: 446-
459, 2021.

De Ruiter CJ, Hutter V, Icke C, et al. The effects of imagery training on fast isometric knee
extensor torque development. J Sports Sci 30: 166-174, 2012.

Di Rienzo F, Blache Y, Kanthack TFD, et al. Short-term effects of integrated motor imagery
practice on muscle activation and force performance. Neurosci 305: 146-156, 2015.

Elko K, Ostrow AC. The effects of three mental preparation strategies on strength
performance of young and older adults. J Sport Behav 15: 34-41, 1992.

Gould D, Weinberg R, Jackson A. Mental preparation strategies, cognitions, and strength
performance. J Sport Psychol 2: 329-339, 1980.

Graham JD, Bray SR. Self-control strength depletion reduces self-efficacy and impairs
exercise performance. J Sport Exerc Psychol 37: 477-488, 2015.

Hammoudi-Nassib S, Chtara M, Nassib S, et al. Time interval moderates the relationship
between psyching-up and actual sprint performance. J Strength Cond Res 28: 3245-3254,

2014.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

26

Hammoudi-Nassib S, Nassib S, Chtara M, et al. Effects of psyching-up on sprint performance.
J Strength Cond Res 31: 2066-2074, 2017.

Hardy J. Speaking clearly: A critical review of the self-talk literature. Psychol Sport Exerc 7:
81-97, 2006.

Hardy, J, Olliver, E, and Tod, D. A framework for the study and application of self-talk within
sport. In: Advances in Applied Sport Psychology: A Review. Mellalieu, S and Hanton, S, eds.
London, United Kingdom: Routledge, 2008. pp. 47-84.

Hatzigeorgiadis A, Zourbanos N, Galanis E, et al. Self-talk and sports performance: A meta-
analysis. Perspect Psychol Sci 6: 348-356, 2011.

Higgins JP, Thomas J, Chandler J, et al., eds. Cochrane handbook for systematic reviews of
interventions. 2nd Edition. Chichester (UK): John Wiley & Sons, 2019.

Holmes PS, Collins DJ. The PETTLEP approach to motor imagery: A functional equivalence
model for sport psychologists. J Appl Sport Psychol 13: 60-83, 2001.

Martens, R., Burton, D., Vealey, et al. (1990). The development of the Competitive State
Anxiety Inventory-11. In: Competitive anxiety in sport. R. Martens, R.S. Vealey, and D. Burton
eds. Champaign, IL: Human Kinetics, 1990. pp. 117-190.

McCarren G, Chaput M, Grooms DR, et al. Cognitive load influences drop jump landing
mechanics during cognitive-motor-simulated shooting. Mil Med 188: e2102- 2108, 2023.
McCorry LK. Physiology of the autonomic nervous system. Am J Pharm Educ 71: 4, 2007.
McGuigan MR, Ghiagiarelli J, Tod D. Maximal strength and cortisol responses to psyching-up
during the squat exercise. J Sports Sci 23: 687-692, 2005.

McNevin NH, Shea CH, Wulf G. Increasing the distance of an external focus of attention
enhances learning. Psychol. Res 67: 22-29, 2003.

Minozzi S, Dwan K, Borrelli F, et al. Reliability of the revised Cochrane risk-of-bias tool for
randomised trials (RoB2) improved with the use of implementation instruction. J Clin

Epidemiol 141: 99-105, 2022.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

27

Murphy SM, Woolfolk RL, Budney AJ. The effects of emotive imagery on strength
performance. J Sport Exerc Psychol 10: 334-345, 1988.

Nadzalan AM, Lee JLF, Azzfar MS, et al. The effects of resistance training with different focus
attention on muscular strength: Application to teaching methods in physical conditioning
class. Int J Eng Technol 21: 16-19, 2019.

Neumann DL. A systematic review of attentional focus strategies in weightlifting. Front
Sports Act Living 1: 7, 2019.

Perkins D, Wilson GV, Kerr JH. The effects of elevated arousal and mood on maximal
strength performance in athletes. J Appl Sport Psychol 13: 239-259, 2001.

Peterson MD, Alvar BA, Rhea MR. The contribution of maximal force production to explosive
movement among young collegiate athletes. J Strength Cond Res 20: 867-873, 2006.
Peynirciglu ZF, Thompson JLW, Tanielian TB. Improvement strategies in free-throw shooting
and grip-strength tasks. J Gen Psychol 127: 145-156, 2000.

Pierce EF, McGowan RW, Eastman NW, et al. Effects of progressive relaxation on maximal
muscle strength and power. J Strength Cond Res 7: 216-218, 1993.

Ramirez-Campillo R, Alvarez C, Garcia-Hermoso A, et al. Methodological characteristics and
future directions for plyometric jump training research: a scoping review. Sports Med 48:
1059-1081, 2018.

Richmond SR, Potts AC, Sherman JR. The impact of ammonia inhalants on strength
performance in resistance trained males. J Exerc Physiol Online 17: 60-66, 2014.

Ruiz MC, Raglin JS, Hanin YL. The individual zones of optimal functioning (1ZOF) model
(1978-2014): Historical overview of its development and use. Int J Sport Exerc Psychol 15:
41-63, 2017.

Schofield M, Cronin JB, Macadam P, et al. Rotational shot put: a phase analysis of current

kinematic knowledge. Sports Biomech 21: 278-296, 2022.



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

28

Shelton TO, Mahoney MJ. The content and effect of 'psyching-up' strategies in weight lifters.
Cognit Ther Res 2: 275-284, 1978.

Shukri NSM. Electromyographical analysis and performance during bench press exercise: The
influence of self-talk. Int J Recent Technol Eng 8: 2277-3878, 2019.

Sidaway B, Trzaska A. Can mental practice increase ankle dorsiflexor torque? Phys. Ther 85:
1053-1060, 2005.

Simonsmeier BA, Andronie M, Buecker S, et al. The effects of imagery interventions in
sports: A meta-analysis. Int Rev Sport Exerc Psychol 14: 186-207, 2021.

Slimani M, Chéour F. Effects of cognitive training strategies on muscular force and
psychological skills in healthy striking combat sports practitioners. Sport Sci Health 12: 141-
149, 2016.

Smith D, Wright C, Allsopp A, et al. It's all in the mind: PETTLEP-based imagery and sports
performance. J Appl Sport Psychol 19: 80-92, 2007.

Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in
randomised trials. bmj 366, 2019.

Takarada Y, Nozaki D. Shouting strengthens maximal voluntary force and is associated with
augmented pupillary dilation. Sci Rep 11: 1-11, 2021.

Tenenbaum G, Bar-Eli M, Hoffman JR, et al. The effect of cognitive and somatic psyching-up
techniques on isokinetic leg strength performance. J Strength Cond Res 9: 3-7, 1995.
Thelwell RC, Greenlees IA. Developing competitive endurance performance using mental
skills training. Sport Psychol 17: 318-337, 2003.

Theodorakis Y, Weinberg R, Natsis P, et al. The effects of motivational versus instructional
self-talk on improving motor performance. Sport Psychol 14: 253-271, 2000.

Tod D, Iredale F, Gill N. ‘Psyching-up’and muscular force production. Sports Med 33: 47-58,

2003.



52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

29

Tod D, Iredale KF, McGuigan MR, et al. “Psyching-up” enhances force production during the
bench press exercise. J Strength Cond Res 19: 599-603, 2005.

Tod D, Hardy J, Oliver E. Effects of self-talk: A systematic review. J Sport Exerc Psychol 33:
666-687, 2011.

Tod D, Edwards C, McGuigan M, et al. A systematic review of the effect of cognitive
strategies on strength performance. Sports Med 45: 1589-1602, 2015.

Travis SK, Mujika |, Gentles JA, et al. Tapering and peaking maximal strength for powerlifting
performance: a review. Sports 8: 125, 2020.

Tynes LL, McFatter RM. The efficacy of 'psyching' strategies on a weight-lifting task. Cognit
Ther Res 11: 327-336, 1987.

Weinberg R, Gould D, Jackson A. Cognition and motor performance: Effect of psyching-up
strategies on three motor tasks. Cognit Ther Res 4: 239-245, 1980.

Weinberg R, Gould D, Jackson A. Relationship between the duration of the psych-up interval
and strength performance. J Sport Psychol 3: 166-170, 1981.

Weinberg R, Jackson A, Seaboune T. The effects of specific vs nonspecific mental preparation
strategies on strength and endurance performance. J Sport Behav 8: 175-180, 1985.

Whelan JP, Epkins CC, Meyers AW. Arousal interventions for athletic performance: Influence
of mental preparation and competitive experience. Anxiety Res 2: 293-307, 1990.

Wilkes R, Summers J. Cognitions, mediating variables, and strength performance. J Sport
Exercise 6: 351-359, 1984.

Winwood PW, Pritchard HJ, Wilson D, et al. The competition-day preparation strategies of
strongman athletes. J Strength Cond Res 33: 2308-2320, 2019.

Wright CJ, Smith D. The effect of PETTLEP imagery on strength performance. Int J Sport Exerc
Psychol 7: 18-31, 2009.

Wrisberg CA. The arousal—-performance relationship. Quest 46: 60-77, 1994.



65.

66.

30

Wulf G. Attentional focus and motor learning: a review of 15 years. Int Rev Sport Exerc
Psychol 6: 77-104, 2013.
Yerkes RMD, Dodson JD. The relation of strength of stimulus to rapidity of habit formation. J

Comp Neurol Psychol 18: 459-482, 1908



31

Fig. 1. PRISMA flowchart illustrating the literature search at each stage. PRISMA Preferred Reporting

Items for Systematic Reviews and Meta Analyses

Records identified through database searching

(n = 3,585)

v

Duplicates identified and removed (n = 204)

A 4

Records screened

(n =3,381)

A 4

Abstracts screened

(n=287)

Papers excluded at title

(n = 3,294)

A 4

Full texts screened

(n=33)

v

Papers excluded at abstract (n = 54)
Rationale for exclusion:
Non-Psych-Up Intervention (n = 17)
Didn’t measure maximal force (n = 19)

Participants younger than 18 years (n =
3)

No control measure (n = 3)

Not Published in a peer reviewed
journal (n=12)

High Risk of Bias (n = 0)

Additional records identified
through reference list
searches

(n=5)

v

Final Literature sample

(n=26)

v

Papers excluded at full text (n = 12)
Rationale for exclusion:
Non-Psych-Up Intervention (n = 3)
Didn’t measure maximal force (n = 2)

Participants younger than 18 years (n =
1)

No control measure (n = 4)

Not Published in a peer reviewed
journal (n=2)

High Risk of Bias (n = 0)




Fig. 2 Risk of Bias assessment for the retrieved articles collated in the present review
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Table 1. Summary of the retrieved articles used within the review

Interventions Dependent
Author Design Participants Control Key Findings
Type Timing Variable

Baharietal. (1) Crossover 47 untrained M (22.4 years) (a) Overt Immediately Passive Grip Strength No sig. diff interventions, both

motivational ST prior outperformed the control

(b) Covert

motivational ST
Brody et al. (6) Crossover 15 strength trained M (23.6 Arousal cues 20s prior (a) Reading Isometric Elbow No sig. effects on outcome

years) Task Flexion
(b) Mental
Arithmetic

Charbaghi (7) Crossover 47 untrained M (22.4 years) Overt motivational Immediately Passive Grip Strength ST sig. outperformed control

ST prior
DiRienzoetal.  Crossover 18 M terrestrial sport athletes (a) PETTLEP During 60s timed Passive Elbow Flexion PETTLEP imagery sig. outperformed
(12) (19.31 years) imagery rest strength relaxing and control conditions

(b) Relaxing

imagery
Elko and Mixed (a) 15 M (59.93 years) and 15 (a) Arousal cues 20s prior Counting Grip Strength Imagery and control sig. outperformed
Ostrow (13) 2 (age) x 2 F (60.33 years) (b) stimulus backward arousal. No sig. difference between

(sex) x 3 (b) 15 M (22.14 years) and 15 imagery control and imagery conditions.

(interventions)

F (20.96 years)



Gould,
Weinberg and
Jackson (14)
Study 1
Gould,
Weinberg and
Jackson (14)
Study 2
Hammoudi-
Nassib et al.

(16)

Hammoudi-
Nassib et al.

(17)

Mixed
2 (sex)x 5

(interventions)

RCT

2 (sex) x 3

(interventions)

Crossover

Crossover

No participant had prior
experience in strength
training.

15 M and 15 F undergraduate

students

30 M and 30 F undergraduate

students

16 M sprinters (20.6 years)

16 M sprinters (20.6 years)

(a) Internal focus
(b) Stimulus
imagery

(c) Arousal Cues
(a) Stimulus
imagery

(b) Arousal cues

PETTLEP imagery

(a) PETTLEP
imagery

(b) Arousal cues

20s prior

20s prior

(a) Immediately
prior

(b) 1 min. prior

(c) 2 min. prior

(d) 3 mins. prior
(e) 5 mins. prior

30s prior

(a) Counting
backward

(b) passive

Pre-test passive

Counting

backward

Focus on and
estimate their

own heart rate

Knee Extension

Strength

Knee Extension

Strength

Straight Run Sprint
(a) Acceleration (0-
10m)

(b) Overall Sprint

(0-30m)

Straight Run Sprint
(a) Acceleration (0-
10m)

(b) Overall Sprint

(0-30m)

35

Both imagery and arousal sig.
outperformed both controls and focus

condition.

Arousal sig outperformed the control
condition, with no other sig.

differences found.

When performed immediately or 1 min
or 2 mins prior imagery sig. enhanced
performance of both initial
acceleration (0-10m) and the overall

sprint (0-30m).

Both imagery and arousal sig.
outperformed the control condition for

acceleration.

For overall sprint only imagery made a

sig. increase in performance.



McGuigan,
Ghiagiarelli

and Tod (26)

Murphy,
Woolfolk and

Budney (29)

Nadzalan et al.

(30)

Perkins, Wilson

and Kerr (32)

Mixed
2 (sex) x 2

(interventions)

Crossover

RCT

Crossover

10 M (21.6 years)and 10 F
(22.4 years) with a minimum
of 1 year of weight training
experience.

24 M undergraduate students

30 M provided with 6 weeks

of resistance training.

22 M and 6 F elite explosive

sport athletes (20.30 years)

Free choice PU

(a) Relaxing
emotive imagery
(b) Fearful emotive
imagery

(c) Anger emotive
imagery

(a) Internal focus

(b) External focus

1. Respiratory Rate
(a) 10 Br.P.M

(b) 20 Br. P.M

2. Arousal

(a) Para-telic
guided imagery
(b) Telic guided

imagery

30s prior

Immediately

prior to the trial

During the trial

Immediately

prior

Counting Back Squat 1RM

backward

Pre and post- Hand Grip Strength

test passive

Passive (a) Back Squat 1RM

(b) Deadlift 1RM

Reading task (a) Grip Strength

36

No sig. differences found

Pre-test produced sig. greater strength
performance, with relaxation scoring

the sig. lowest strength performance.

External focus sig. outperformed both
control and internal focus on both
outcome tasks, with no sig. difference
between the latter two.

The para-telic condition sig.
outperformed both intervention types,
with telic sig. outperforming the
control task. No sig. effects were found

for respiration rate.



Peynirciglu, RCT
Thompson and

Tanielian (34)

Pierce et al. Crossover
(35)

Shelton and RCT
Mahoney (40)

Shukri (41) Crossover
Slimani and RCT
Chéour (44)

Tenenbaum et RCT

al. (48)

60 M and 60 F undergraduate

students (20.7 years)

7 M footballers (18.7 years)

30 M Olympic weightlifters
(23.4 years)

45 M with at least 6 months of
resistance training experience
(21.20 years)

44 M striking sport athletes

(23.2 years)

38 untrained undergraduate

students

(a) Stimulus
imagery

(b) Arousal cues

(a) Arousal inducing
videos***

(b) Relaxation
***not a PU

strategy

Free choice PU

(a) motivational ST

(b) Instructional ST

10 weeks training
learning:

(a) PETTLEP
imagery only

(b) PETTLEP
imagery and
motivational ST
4 weeks training

learning:

Immediately

prior

Immediately

prior

10s prior

Immediately
prior, and during
the trial
Immediately
prior to and

during the trial

Immediately

prior

Arithmetic task

Passive

Counting
backward

Passive

Passive

Passive

Grip Strength

(a) Bench Press
3RM
(b) Bench Press

1RM

Grip Strength

Bench Press
Maximum
Repetitions

(a) Bench Press
1RM

(b) Half Squat 1RM

Knee Extension

Strength

Arousal sig. improved grip strength

Arousal and control sig. increased 3RM
bench press compared to relaxation,
with arousal also sig outperforming
control.

Arousal sig. outperformed relaxation
and control for the 1RM.

Free choice PU sig. improved strength
performance.

Motivational ST sig. improved strength

performance

Imagery and motivational ST condition
sig. outperformed the control group in
both tasks. No more sig. differences

were found.

Control group sig. outperformed both

motivational ST and relaxation

37



Theodorakis et

al. (50)

Tod, et al. (52)

Tynes and

McFatter (56)

Weinberg,
Gould and
Jackson (57)
Weinberg,
Gould and

Jackson (58)

RCT

Crossover

Crossover

Mixed
2 (sex) x 2
(interventions).

RCT

27 M and 36 F undergraduate
students (20.98 years)

12 M (27.4 years) and 8 F with
a minimum of 1 year
experience with the output

measure (20.9 years)

36 resistance trained M (23.6

years)

10 male and 10 female

undergraduate students

40 M and 40 F undergraduate

students

(a) Motivational ST
(b) Relaxation

(a) Motivational ST
(b) Instructional ST

Free choice PU

(a) Motivational ST
(b) Internal focus

(c) Arousal Cues

Free choice PU

Free choice PU

Immediately
prior
30s prior to the

trial

Immediately

prior

Immediately

prior

(a) 15s prior to
the trial
(b) 30s prior to
the trial

(c) self-initiated

Passive

(a) Focus on
and estimate
their own heart

rate

(b) Counting
backward
(a) Counting

backward

(b) passive
Counting

backward

Passive pre-test

Knee Extension
Strength

Bench Press

Knee Extension

Strength

Knee Extension

Strength

Knee Extension

Strength

Both ST groups sig. outperformed the
control group
Free choice PU sig. outperformed both

control conditions

All PU strategies outperformed control,
with arousal sig. outperforming focus

and ST.

PU sig. outperformed the control

PU significantly outperformed the
control, with no sig. differences found

between durations.
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Weinberg,
Jackson and

Seaboune (59)

Whelan, Epkins
and Meyers

(60)

Wilkes and

Summers (61)

Crossover

Mixed
3 (competition
experience) x 4

(interventions)

Mixed
2 (pre-post
trials) x 5

(interventions)

24 M recruited from a local
weightlifting class (18-28

years)

44 M and 42 F undergraduate
students (30 high, 26
moderate, and 28 low

competitive experience)

2 participants removed from
data, no mention of gender or
competition experience group.

60 M undergraduate students

(a) PETTLEP
imagery

(b) Arousal cues
(c) Free choice PU
(a) Self-generated
arousal

(b) Arousal cues

(a) Arousal Cues
(b) Internal Focus
(c) Stimulus

Imagery

(d) Motivational ST

(d) yoked
30s prior to the

trial

45s prior

20s prior to the

trial

Counting

backward

Focus on and
estimate their

own heart rate

Reading task

(a) Broad Jump
(b) Pull Ups

(c) Push Ups
(d) Sit Ups

Grip Strength

Unilateral Knee

Extension Strength

All 3 PU conditions outperformed the
control condition across the 4
exercises, with no sig. difference being
found between the PU conditions.

Low demonstrated no sig. performance
increases.

Moderate gained greatest performance
from arousal cues.

High gained greatest improvement

from self-generated arousal.

Arousal sig. outperformed imagery and
control, with ST also outperforming the

control.

RCT = Randomized Control Trial; M = Male; F = Female; ST = Self-Talk; PU = Psyching-Up; Br.P.M = Breaths Per Minute
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Table 2. Sample characteristics of participants employed, and control conditions utilized in the

reviewed articles

Characteristic No. of Studies
Sex
Male only 15
Female only 0
Combined 11
Not Stated 1
Sample Size
<10 1
10-19 4
20-29 6
30-39 5
40-59 4
60+ 7

Participant Label

Undergraduate Student 10
Novice 4
Weight-Trained 6
Athlete 7

Control Conditions

Passive 12

Active 13

Both 2
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Table 3. Effects of each psyching-up strategy on maximal force production

K Number of K’s supporting the effect  Sum code

(%)
+ - 0
Psyching-Up Strategies
Arousal
Prescribed 23 17 1 5 74
Self-Selected 3 1 0 2 33
Total 26 18 1 7 69
Self-Talk
Motivational ST 9 8 1 0 89
Instructional ST 2 1 0 1 50
Total 11 9 1 1 82
Imagery
Stimulus Only 6 2 0 4 33
PETTLEP 19 13 0 6 68
Emotive Imagery 4 0 3 1 0
Total 29 15 3 11 52
PETTLEP Imagery & Motivational ST 2 2 0 0 100
Attentional Focus
Internal Focus 7 2 0 5 29
External Focus 2 2 0 0 100
Total 9 4 0 5 44
Relaxation 3 0 2 1 0

Free Choice PU 13 12 0 1 92



Control Condition
Passive 36 21 6 9 58

Active 57 39 1 17 68

Participant Label

Undergraduate Student 32 17 5 10 53
Novice 9 5 1 3 56
Weight-Trained 25 21 0 4 84
Athlete 27 17 1 9 63
Total 93 60 7 26 65

K = Number of comparisons with a control condition; + = Indicates positive effects; - = Indicates

negative effects; 0 = No effect; ST = Self-Talk; PU = Psyching-Up



Table 4. Direct comparisons of each intervention from the retrieved articles

44

Arousal Self-Talk Imagery Attentional Focus Relaxation Free-Choice
Arousal A>ST=50% A>1=18% A>AF=67% A>R= 0% A>FC=0%
A<ST= 0% A<I=18% A<AF=33% A<R= 0% A<FC=0%
A=ST=50% A=1= 64% A=AF= 0% A=R=0% A=FC= 100%
Self-Talk 2 ST>I= 0% ST>AF= 0% ST>R= 0% ST>FC= 0%
ST<I=0% ST<AF= 0% ST<R= 0% ST<FC= 0%
ST=I=100% ST=AF= 100% ST=R=100% ST=FC=0%
Imagery 11 1 I>AF= 0% I>R=0% I>FC= 0%
I<AF= 0% I<R= 0% I<FC= 0%
I=AF=100% I=R= 0% I=FC= 100%
Attentional Focus 3 2 1 AF>R=0% AF>FC= 0%
AF<R= 0% AF<FC= 0%
AF=R= 0% AF=FC= 0%
Relaxation 0 1 0 0 R>FC= 0%
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R<FC= 0%

R=FC= 0%

Free-Choice 4 0 4 0 0

Above the diagonal line shows the percentage of the comparisons where an intervention significantly outperformed another intervention, in addition
to how often there was not a significant difference. Below the diagonal line is the number of comparisons between the interventions.

A = Arousal; ST = Self-Talk; | = Imagery; AF = Attentional Focus; R = Relaxation; FC = Free Choice



