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Extended Abstract

Background and Purpose

Recent developments in sports psychology
have underscored the crucial role of mental
imagery in enhancing athletic performance,
particularly for complex motor skills that
necessitate precise coordination and timing.
The PETTLEP model (Physical, Environment,
Task, Timing, Learning, Emotion,
Perspective) has emerged as a comprehensive
approach to motor imagery training,
emphasizing the importance of creating
functional equivalence between imagined and
actual performance. This neurocognitive
approach has shown particular promise in
aquatic sports, were environmental factors and
technical  complexity  present  unique

challenges for athletes. The backward
somersault (salto) in swimming serves as an
excellent model for studying these effects due
to its demanding combination of rotational
mechanics, spatial awareness, and precise
entry timing. Current research suggests that
while the physical aspects of training remain
fundamental, the integration of systematic
mental practice can provide significant
additional  benefits. However, important
questions remain regarding how different
types of imagery interventions affect
continuous motor tasks compared to discrete
skills, and through what psychological
mechanisms these enhancements occur. This
study addresses these gaps by investigating
both the biomechanical and psychological
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outcomes of PETTLEP imagery in
competitive swimmers, while examining self-
efficacy as a potential mediator. The findings
contribute to a growing body of literature that
seeks to bridge the gap between theoretical
neuroscience  research  and  practical
applications in competitive sports settings.
The current study was designed with three
primary objectives in mind. First, it aimed to
quantitatively measure the effects of a
structured  6-week PETTLEP imagery
intervention on specific performance metrics
of the salto technique in national-level
swimmers using advanced 3D motion analysis
technology. Second, the study sought to
evaluate changes in sport confidence and
related  psychological  factors  through
standardized measurement tools. Third, and
perhaps most innovatively, the research
examined whether observed performance
improvements were mediated by enhanced
self-efficacy beliefs, testing a theoretical
proposition from Bandura's social cognitive
theory that has received limited empirical
investigation in aquatic sports contexts. By
employing a rigorous mixed-methods design
that combined precise  biomechanical
measurements with psychological
assessments, the study aimed to provide
coaches and athletes with evidence-based
recommendations for effectively integrating
mental training into aquatic skill development
programs. These findings are particularly
relevant for preparation during major
competitions where psychological factors
often prove decisive in performance
outcomes, and where the margin between
success and failure can be extremely narrow.

Material and Methods

The study employed a randomized controlled
trial design with pre-test and post-test
measures to evaluate the effectiveness of the
PETTLEP imagery intervention. Forty-Five
national team swimmers, with 45 male
participants aged 21+2 years, were stratified
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by their current performance level and then
randomly assigned to either the experimental
(PETTLEP) group or the control group. The
comprehensive 6-week intervention program
consisted of 18 supervised 45-minute sessions
that systematically incorporated all seven
components of the PETTLEP model. The
physical component required swimmers to
adopt their actual starting positions during
imagery sessions, while the environmental
aspect ensured training occurred poolside with
all necessary equipment present. For the task
component, swimmers focused on visualizing
precise elements of the salto technique, and the
timing element maintained real-time duration
of the actual performance. The learning
component allowed for adjustments that
matched each athlete's skill progression, the
emotion component incorporated  pre-
performance routines, and the perspective
component utilized both internal and external
visualization viewpoints.

Performance  assessment employed a
sophisticated Qualisys motion capture system
sampling at 200Hz to measure three critical
biomechanical parameters: rotation speed
measured in degrees per second, entry angle
precision measured in degrees, and time to
completion measured in seconds.
Psychological factors were assessed using the
validated Swimming Self-Confidence
Inventory, which has demonstrated strong
reliability with a Cronbach's alpha of .89 in
previous studies. The statistical analysis plan
was comprehensive, beginning with mixed-
design MANCOVA to control for baseline
scores between groups. Path analysis with
bootstrapping using 5000 samples provided
robust examination of potential mediation
effects, while effect size calculations
including n? and B coefficients helped quantify
the magnitude of observed effects. All
measures demonstrated excellent reliability
with intraclass  correlation  coefficients
exceeding .85, ensuring the consistency and
dependability of the collected data.
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Findings

The PETTLEP intervention group
demonstrated significant improvements across
all measured performance metrics following
the 6-week training period. Rotation speed
increased by an impressive 12.7%, a
statistically significant change with a large
effect size (p<.001, d=1.23), indicating
substantially faster and more powerful
rotations. Entry angle precision showed
notable improvement with a 9.3° increase in
accuracy (p<.001, d=0.94), reflecting better
control during the critical entry phase of the
skill. Perhaps most remarkably, timing
consistency  enhanced considerably as
evidenced by the coefficient of variation
reducing from 8.2% to just 4.7%, suggesting
swimmers became much more consistent in
their execution of the skill.

The psychological measures revealed equally
compelling results, with self-confidence
scores increasing by 18.6 points (p<.001) on
the standardized assessment, representing a
clinically meaningful improvement in athletes'
belief in their abilities. Competitive anxiety
symptoms decreased by 22.4% (p=.003),
indicating athletes felt more comfortable and
less stressed when performing under pressure.
The path analysis supported a dual-pathway
model of how the imagery intervention
produced its effects, revealing both a direct
effect of imagery on performance (f=.42,
p<.001) and an indirect effect mediated
through enhanced self-efficacy beliefs (p=.31,
p=.002). This finding suggests that the
benefits of PETTLEP training operate through
both  neuromuscular and psychological
channels simultaneously.

Conclusion

This study makes several significant
contributions to the sport science literature
with important practical implications for
coaching and athletic training. First, it
provides compelling empirical evidence that

PETTLEP imagery can produce measurable,
meaningful improvements in the execution of
complex aquatic skills, with effect sizes
comparable to those achieved through
supplemental  physical  training.  The
demonstrated benefits for both performance
metrics and psychological factors suggest that
mental imagery training should be considered
an essential component of comprehensive
athletic preparation rather than merely an
optional supplement. Second, the research
establishes self-efficacy as an important
psychological mechanism through which
imagery enhances performance, providing
strong support for theoretical models of skill
acquisition that emphasize the interaction
between cognitive and physical factors in
motor learning.

The practical implications for coaching
practice are substantial and immediately
applicable. The findings suggest that coaches
should aim to incorporate structured
PETTLEP sessions approximately three times
weekly alongside regular pool training, using
video feedback to enhance the accuracy and
specificity of athletes' imagery. The
intervention should progressively increase in
task complexity to match skill development,
and coaches would be wise to monitor
psychological outcomes with the same
attention given to physical metrics. Looking
forward, several important directions for
future research emerge from these findings.
Investigations into the long-term retention of
imagery benefits would help establish optimal
training schedules, while dose-response
studies could clarify the minimum effective
"dose" of mental practice. Research examining
individual differences in imagery ability could
lead to more personalized training approaches,
and the development of sport-specific
PETTLEP protocols for other aquatic skills
would broaden the applicability of these
findings.

Ultimately, this research represents an
important step forward in our understanding of
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mental training in elite sports, demonstrating
that systematic imagery practice can produce
substantial performance enhancements when
properly structured and implemented. The
study successfully bridges the gap between
neuroscience  research and  practical
application,  providing  coaches  with
scientifically validated tools to enhance both
physical performance and psychological
readiness in competitive swimmers. As the
field of sport psychology continues to evolve,
this type of rigorous, applied research will be
increasingly valuable in helping athletes at all
levels achieve their full potential. The findings
underscore the importance of viewing athletic
training as a holistic process that integrates
both physical and mental components, with
each element carefully designed to
complement and enhance the others.

Key Words: motor imagery, PETTLEP
model, swimming performance, self-
confidence, skill acquisition.
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Figure 1 - Visual model of intervention effectiveness
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