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Motor imagery is widely used to enhance sport performance. Internal and external PETTLEP
imagery perspectives are commonly applied to improve the execution of sport-specific skills,
including basketball shooting. Despite the use of these imagery approaches in athletic training,
their relative effectiveness in enhancing three-point shooting performance remains a matter of
practical interest. This study examined the effects of Internal PETTLEP Imagery Training and
External PETTLEP Imagery Training on three-point shooting performance in adolescent basketball
players.

Ninety male basketball players aged 15—-18 years were randomly assigned to an Internal PETTLEP
Imagery Group (n = 30), an External PETTLEP Imagery Group (n = 30), or an Active Control Group
(n = 30). Participants completed a 12-week intervention with three supervised sessions per week.
Three-point shooting performance was assessed at pre-test, post-test, and a two-week retention
test.

Both imagery groups improved from pre-test to post-test and maintained higher shooting scores
at retention than the Active Control Group. Significant effects were observed for Time, F(2, 172) =
18.42,p <.001,n2p =.18; Group, F(2, 86) = 5.67, p =.005,1%p =.12; and the Group * Time interaction,
F(4, 172) = 9.83, p <.001, n%p = .19. Imagery ability was associated with shooting performance (p =
.009), and self-confidence moderated the relationship between intervention condition and shooting
performance (B = 0.52, p=.015).

Internal and external PETTLEP imagery were associated with improvements in three-point shooting
performance and retention in adolescent basketball players. Imagery ability and self-confidence
should be considered when implementing imagery-based training interventions.

PETTLEP imagery, mental imagery, basketball shooting, shooting accuracy, retention, self-

confidence.

Introduction

Basketball performance depends on the effective
integration of technical, physical, cognitive, and
psychological factors. Among technical skills, three-
point shooting has become increasingly prominent
in modern basketball because it can substantially
influence game outcomes and tactical decision-
making. Successful three-point shooting requires
not only precise motor execution but also the ability
to maintain concentration, regulate emotions, and
perform consistently under competitive pressure.
As a result, a variety of training methods are used
to support the development and maintenance of
shooting performance in basketball players and to
increase the likelihood of successful shot execution.

Basketball is a complex team game in which
technical, tactical, physiological, and psychological
skills are interdependent to produce successful
performance [1]. Shooting is one of the key
technical skills used in competition, as points are
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awarded only when a shot is successfully made.
Therefore, shooting skill is one of the factors that
contribute to both individual and team success [2].
The importance of the three-point shot has grown
significantly in modern basketball, influenced by
changing playing styles and game demands. Modern
basketball teams increasingly rely on perimeter
shooting to create scoring opportunities, increase
offensive spacing, and enhance offensive efficiency
[3]. The ability to successfully execute three-point
shots depends on motor coordination, balance, force
control, movement consistency, attentional control,
and decision-making under pressure. In addition
to physical and technical factors, psychological
factors such as confidence, emotional control,
and attentional focus can significantly influence
shooting performance. As a result, psychological
skills training has come to play a significant role in
contemporary basketball development programs.
Mental training is the systematic use of
psychological methods to improve performance,
learning, and readiness for competition. Motor
imagery is one of the most researched and widely
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used techniques in sport psychology. Motor imagery
is the mental simulation of a movement without
actual movement while maintaining key perceptual
and motor aspects of the task. Neurophysiological
studies suggest that imagery recruits neural regions
involved in movement planning and execution,
such as sensorimotor networks, the supplementary
motor area, the premotor cortex, and the cerebellum
[4]. This functional overlap provides theoretical
support for the use of imagery to enhance sport
performance. Furthermore, a recent meta-analysis
revealed that imagery interventions have positive
effects on sport performance across a wide range
of athletic populations [5]. Imagery is therefore
recognized as an evidence-based strategy for
enhancing sport-specific performance.

The PETTLEP model is one of the most influential
and widely used imagery models in sport psychology.
The PETTLEP model was developed by Holmes and
Collins [6] to achieve the highest possible level
of functional equivalence between imagery and
actual performance. PETTLEP stands for Physical,
Environment, Task, Timing, Learning, Emotion, and
Perspective. The PETTLEP approach encourages
athletes to develop imagery experiences that closely
match actual performance situations. PETTLEP
imagery is thought to have positive effects on sport-
specific performance and performance outcomes.
Recent research findings have consistently
supported the effectiveness of PETTLEP-based
imagery interventions in enhancing sport-specific
performance and motor skill execution.

In the PETTLEP model, two imagery perspectives
are typically used. When using internal imagery,
individuals experience the movement from a first-
person perspective, whereas when using external
imagery, they imagine themselves from a third-
person perspective [7]. Both perspectives have
shown positive effects on performance, but findings
regarding differences between them remain
inconsistent.

Imagery training has been found to enhance
basketball-specific skills such as shooting accuracy,
free-throw shooting, concentration, and confidence
[8]. PETTLEP-based interventions have also been
shown to improve skill execution and motor
performance by increasing functional equivalence
between imagined and actual skill practice [9].
Overall, positive results have been reported;
however, some inconsistencies remain regarding
the effectiveness of internal and external imagery
perspectives. The use of internal and external
imagery has been suggested for different purposes,
including kinesthetic awareness and movement
control, and technical form and movement
observation, respectively [10].

Self-confidence has been well established as a key
psychological component of sport performance. In
sport, self-confidence is defined as an athlete’s belief
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in their ability to perform successfully in a specific
task or achieve a desired outcome [11]. Higher levels
of confidence are associated with greater persistence,
focus, resilience, and emotional control during
competition [12]. Social cognitive theory proposes
that efficacy beliefs influence motivation, effort, and
performance behavior. Confidence may be especially
important in basketball shooting, as shooting often
occurs under conditions of uncertainty, fatigue,
and competitive pressure. Previous studies have
reported a positive relationship between confidence
and sport performance outcomes [13].

Imagery interventions tend to be successful
overall, but their effects may vary across individuals.
One possible explanation for these differences
is imagery ability, which is defined as the ability
to generate, manipulate, and maintain detailed
mental images [14]. The Movement Imagery
Questionnaire-3 (MIQ-3), a widely used measure
of internal visual, external visual, and kinesthetic
imagery ability, was developed and validated by
Williams et al. [7]. Athletes’ imagery ability may
influence their capacity to construct realistic
mental images, thereby affecting the effectiveness
of imagery interventions. Failure to account for
imagery ability may complicate the interpretation
of imagery training outcomes and contribute to
inconsistent findings across studies. Therefore,
imagery ability should be controlled for when
evaluating imagery-based interventions.

Analysis of previous research findings has
shown that PETTLEP imagery interventions can
enhance sport-specific performance and motor
skill execution, while both internal and external
imagery perspectives have demonstrated positive
effects across a range of sporting tasks. Researchers
have emphasized that the effectiveness of imagery
interventions may be influenced by multiple
factors, including the imagery perspective adopted,
imagery ability, and psychological characteristics
such as self-confidence. At the same time, findings
regarding the relative effectiveness of internal and
external imagery perspectives remain mixed, and
the interaction between imagery processes and self-
confidence continues to present a complex area of
investigation. Clarifying how different PETTLEP
imagery perspectives operate in basketball shooting
performance while accounting for individual
psychological characteristics may contribute to a
more comprehensive evaluation of imagery-based
training in adolescent athletes.

Accordingly, the present study examined the
effects of Internal PETTLEP Imagery Training and
External PETTLEP Imagery Training on three-point
shooting performance in adolescent basketball
players. Based on the theoretical assumptions of
the PETTLEP model, the following hypotheses were
formulated. It was hypothesized that both PETTLEP
imagery interventions would improve shooting
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performance compared with an active control
condition and that higher levels of self-confidence
would be associated with greater performance
improvements.

Materials and Methods

Participants

A total of 102 male high school basketball
players aged 15-18 vyears were screened for
eligibility. Twelve participants were excluded
because they did not meet the inclusion criteria (n =
7) or declined to participate (n = 5). The remaining
90 participants were randomly assigned to the
study groups. Inclusion criteria were: (a) at least
two years of competitive basketball experience,
(b) regular participation in structured basketball
training, (c) medical fitness for sports participation,
and (d) parental consent and participant assent.
Exclusion criteria included musculoskeletal injury,
neurological disorder, visual impairment, previous
formal imagery training, attendance below 85%
of intervention sessions, or incomplete outcome

assessments. All participants completed the
intervention and retention assessments and were
included in the final analyses. The mean basketball
experience of the participants was 3.0 * 1.1 years.
Participant recruitment, screening, randomization,
follow-up, and analysis are presented in the
CONSORT flow diagram (Figure 1), in accordance
with the CONSORT 2010 reporting guidelines.

Sample Size Determination. An a priori power
analysis was conducted using G*Power Version 3.1
[15]. Based on a medium effect size (f = 0.25), an
alpha level of 0.05, a statistical power of 0.80, and
a correlation of 0.50 among repeated measures,
the required sample size was 84 participants. To
account for potential attrition, 90 participants were
recruited and randomly assigned to three groups (n
=30 per group).

Randomization and Allocation Concealment. After
baseline assessment, participants were randomly
assigned to the Internal PETTLEP Imagery Group,
the External PETTLEP Imagery Group, or the
Active Control Group using a computer-generated

Assessed for Eligibility
Enrollment (n =102) \
Excluded (n = 12)
Not meeting criteria
(n=7)
Declined (n=5
Randomized ( )
(n =90)
Allocated to Allocated to Allocated to
: Internal PETTLEP External PETTLEP Active Control
Allocation (n=30) (n=30) (n=30)
Received Received Received
Intervention Intervention Intervention
(n=30) (n=30) (n=30)
: Lost to Follow-Up Lost to Follow-Up Lost to Follow-Up
Follow-Up (n=0) (n=0) (n=0)
Retention Retention Retention
Assessment Assessment Assessment
(2-Week Follow-Up) (2-Week Follow-Up) (2-Week Follow-Up)
(n =30) (n = 30) (n =30)
) Included in Final Analysis
Analysis (n = 90)

Figure 1. CONSORT flow diagram showing participant recruitment, eligibility screening, randomization,
intervention allocation, follow-up, retention assessment, and final analysis.
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randomization sequence. Stratified randomization
based on baseline shooting accuracy was used to
ensure group equivalence. Allocation was concealed
using sequentially numbered, opaque, sealed
envelopes prepared by an independent researcher
who was not involved in participant recruitment,
assessment, or intervention delivery.

Ethical Approval. Ethical approval for this study
was obtained from the Institutional Research Ethics
Committee of Hindustan Institute of Technology
and Science, Chennai, Tamil Nadu, India (Approval
No. HITS/CRC/004/20603034). Written informed
consent was obtained from all participants
before participation. The study was conducted in
accordance with the Declaration of Helsinki [16].

Study Design

This study used a randomized controlled pretest,
post-test, and retention test design. Participants
were randomly assigned to the Internal PETTLEP
Imagery Group (IPIG), External PETTLEP Imagery
Group (EPIG), or Active Control Group (ACG).
Assessments were conducted at baseline, after
the 12-week intervention, and at a two-week
retention test. Imagery ability was assessed before
group allocation and included as a covariate. Self-
confidence was assessed at all three time points.

Instruments

Movement Imagery Questionnaire-3 (MIQ-3).
Imagery ability was assessed using the Movement
Imagery Questionnaire-3 (MIQ-3) [7]. The
questionnaire measures internal visual imagery,
external visual imagery, and kinesthetic imagery
ability. Responses are rated on a seven-point Likert
scale, with higher scores indicating greater imagery
ability. The MIQ-3 has demonstrated acceptable
reliability and validity in athletic populations.

Competitive State Anxiety Inventory-2 Revised
(CSAI-2R): Self-Confidence Subscale. Self-confidence
was assessed using the self-confidence subscale of
the Competitive State Anxiety Inventory-2 Revised
(CSAI-2R) [17]. Responses were rated on a four-
point Likert scale ranging from 1 (not at all) to 4
(very much so). Higher scores indicated greater
sport-specific self-confidence.

Three-Point Shooting Accuracy Test. Three-
point shooting performance was assessed using
a standardized protocol on an official indoor
basketball court. Participants attempted 75 three-
point shots from five designated positions around
the arc (15 shots per position: right corner, right
wing, top of the key, left wing, and left corner). Each
successful shot was awarded one point, yielding
a maximum score of 75 points. A standardized
10-minute warm-up was completed before testing,
and a one-minute rest period was provided between
positions. Identical basketballs, basket height (3.05
m), court conditions, and testing procedures were
maintained across all assessments. Two trained
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evaluators recorded successful shots, and the total
number of successful attempts was used as the
performance score at pre-test, post-test, and the
two-week retention assessment. Any discrepancies
in scoring were resolved through discussion between
the evaluators.

Familiarization Session. One week before baseline
testing, all participants completed a familiarization
session. The session included study orientation,
administration of questionnaires, demonstration of
the shooting test, practice trials, and instruction in
imagery procedures. The familiarization session was
conducted to minimize learning effects and ensure
consistency in testing procedures.

Intervention Protocol. The intervention lasted 12
weeks, with three supervised sessions per week (36
sessions in total) [18]. The PETTLEP implementation
framework is presented in Table 1. Each session
lasted approximately 60 minutes and followed a
fixed structure: 10 minutes of warm-up, 15 minutes
of imagery and video observation, 30 minutes of
shooting practice, and 5 minutes of cool-down.

Internal PETTLEP Imagery Group. Participants
performed first-person PETTLEP imagery focusing
on kinesthetic sensations, movement timing,
emotional control, and successful shooting
execution. Standardized imagery scripts were used
and delivered under the researcher’s supervision
before shooting practice.

External PETTLEP Imagery Group. Participants
performed third-person PETTLEP imagery using
personalized video recordings of successful shooting
performances. They imagined themselves executing
the movement from an observer’s perspective before
completing the same shooting practice protocol.

Active Control Group. Participants viewed
basketball instructional videos focusing on
technical and tactical content. The videos did not
include imagery instructions, visualization practice,
or psychological skills training. Participants then
completed the same shooting practice protocol as
the imagery groups.

Intervention  Fidelity. Researchers recorded
attendance at each session. Participant inclusion
required a minimum attendance rate of 85%.
Participants in the imagery groups completed
weekly adherence logs. Supervising researchers
used a standardized fidelity checklist during all
sessions. Overall intervention fidelity exceeded 95%
across groups.

Outcome Assessment. Trained evaluators who
were blinded to group allocation conducted all

assessments. Evaluators completed pre-test
assessments before randomization, post-test
assessments immediately after the 12-week

intervention, and retention assessments two weeks
later without further intervention or imagery
practice.
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Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics Version 25.0. Data were reported as
mean * standard deviation. Normality was assessed
usingthe Shapiro-Wilk test,homogeneityofvariance
using Levene’s test, and sphericity using Mauchly’s
test, with Greenhouse-Geisser corrections applied
when necessary. A 3 x 3 mixed-design ANCOVA was
conducted with Group (Internal PETTLEP, External
PETTLEP, Active Control) as the between-subjects
factor and Time (Pre-test, Post-test, Retention) as
the within-subjects factor, controlling for MIQ-
3 scores. Significant effects were followed by
Bonferroni-adjusted pairwise comparisons. Effect
sizes were reported as partial eta squared (n%p).
Moderation analysis was conducted using Hayes>
PROCESS Macro Version 4.2 (Model 1) with 5,000
bootstrap samples. Self-confidence scores were
mean-centered before analysis. Results included
unstandardized coefficients, 95% confidence
intervals, and AR? values. Statistical significance
was set at p <.05.

Results

Baseline participant characteristics are presented
in Table 2. No significant between-group differences
were found for age, basketball experience, self-
confidence, or pre-test shooting performance (all
p > .05), indicating baseline equivalence across the
Internal PETTLEP Imagery Group, the External
PETTLEP Imagery Group, and the Active Control
Group.

Group comparisons for imagery ability and self-
confidence are presented in Table 3. No significant
between-group differences were found for MIQ-3
internal visual imagery, external visual imagery, or
kinesthetic imagery at baseline (all p > .05). Self-
confidence also did not differ significantly at pre-
test. At post-test and retention, significant between-
group differences were observed in self-confidence.
Both the Internal PETTLEP and External PETTLEP
groups showed higher self-confidence than the
Active Control Group. A slight decrease was observed
at retention; however, self-confidence remained
above baseline levels in both imagery groups.

Table 1. PETTLEP imagery intervention framework applied during the 12-week training program

PETTLEP
Component Internal PETTLEP Imagery Group External PETTLEP Imagery Group
- Participants held a basketball during imagery Participants held a basketball during imagery
Physical ; . . . ; . . o
sessions to simulate actual shooting conditions. sessions to simulate actual shooting conditions.
. Imagery was performed on the basketball court Imagery was performed on the basketball court
Environment . . . .
where training and testing took place. where training and testing took place.
Imagery focused on the successful execution of Imagery focused on the successful execution of
Task . . . .
three-point shooting. three-point shooting.
. . . Imagined movements were performed in real
- Imagined movements were performed in real time, . . .
Timing . . . time, matching the speed of actual shooting
matching the speed of actual shooting execution. .
execution.
Imagery scripts were progressively adapted Imagery scripts were progressively adapted
Learning to reflect skill improvements throughout the to reflect skill improvements throughout the
intervention. intervention.
Participants incorporated confidence, Participants incorporated confidence,
Emotion concentration, and competition-related emotions concentration, and competition-related
into imagery. emotions into imagery.
First-person (internal) perspective emphasizing Third-person (external) perspective
Perspective  kinesthetic sensations and the feeling of emphasizing observation of shooting technique
movement. and movement form.

Note.PETTLEP =Physical, Environment, Task, Timing, Learning, Emotion, and Perspective. Both intervention
groups completed identical shooting practice sessions; only the imagery perspective differed between the

groups.

Table 2. Baseline characteristics of participants

Variable Internal External Control p

Age (years) 16.3+1.1 16.1+0.9 16.4+1.0 .61
Experience (years) 3.1%£1.2 29%1.0 3.0£1.1 .74
Self-Confidence 24.7+3.0 25.7+2.9 24.3+2.8 41
Shooting pre-test 10.7 £ 2.2 10.9+2.1 10.5%£2.3 .78

Note. Values are presented as mean * standard deviation.
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Descriptive statistics for three-point shooting
performanceacrosstestingoccasionsarepresentedin
Table 4. Both imagery groups showed improvements
from pre-test to post-test and maintained higher
performance scores at retention than the Active
Control Group. Figure 2 illustrates the progressive
improvement in both PETTLEP imagery groups and
the maintenance of performance gains at retention.
Error bars represent one standard deviation from
the mean values reported in Table 4.

Bonferroni-adjusted  pairwise = comparisons
presented in Table 5 showed that both the Internal
PETTLEP and External PETTLEP groups had
significantly higher post-test and retention shooting
scores than the Active Control Group (both p <.01).
No significant differences were found between the
Internal and External PETTLEP groups at post-test
or retention (both p >.05).

Moderation analysis was conducted using Hayes’
PROCESS Macro (Model 1) to examine whether self-

Table 3. Imagery ability and self-confidence scores by group

Variable zﬁt:r;)s;l PETTLEP flri(ie:r;r(;:;ll PETTLEP 23::::01 m- F p q2
30)
MIQ-3 Internal Visual Imagery  4.61 £0.58 4.71+£0.63 4.51+0.67 0.40 .671 .01
MIQ-3 External Visual Imagery  4.84 = 0.59 4.94+0.62 4.74 +0.65 041 .664 .01
MIQ-3 Kinesthetic Imagery 4.79 £0.55 4.89+0.58 4.69+0.61 0.45 .639 .01
Self-Confidence (Pre-Test) 24.70 £ 2.95 25.70 £ 2.88 24.30 £ 2.84 0.91 .406 .02
Self-Confidence (Post-Test) 28.70 £ 2.76 29.70 +2.84 25.70+2.91 18.42 <.001 .30
Self-Confidence (Retention) 2790+ 2.81 28.70 £2.76 25.10 £ 2.87 14.63 <.001 .25

Note. MIQ-3 = Movement Imagery Questionnaire-3; npz = partial eta squared. Self-confidence was assessed

at pre-test, post-test, and retention.

Table 4. Three-point shooting accuracy across testing occasions

Group Pre-Test Post-Test Retention
Internal PETTLEP 10.7£2.2 14.8+2.1 13.6+2.3
External PETTLEP 10.9£2.0 14.5+£24 13.4£2.2
Active Control 10.5%£2.3 11.7£2.2 10.8 2.4

Note. Values are presented as mean * standard deviation.
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Pre-Test

Post-Test

Retention (2-Week)

Testing Occasion

—&— Internal PETTLEP Imagery (n = 30)

— & - External PETTLEP Imagery (n = 30) Y )

Active Control (n = 30)

Figure 2. Three-point shooting accuracy (mean * SD) at pre-test, post-test, and retention for the internal
PETTLEP imagery group, the external PETTLEP imagery group, and the active control group. error bars

represent one standard deviation.
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confidence moderated the relationship between
intervention condition and shooting performance.
The results are presented in Table 6. Self-confidence
was a significant predictor of three-point shooting
performance. In addition, the significant Group x Self-
Confidenceinteractionindicated that the effectiveness
of the intervention varied according to participants’

levels of self-confidence. The overall regression
model was statistically significant and explained 38%
of the variance in shooting performance.

Predicted shooting performance increased across
intervention conditions and was consistently higher
among athletes with greater self-confidence (Figure
3). Table 6 shows that both PETTLEP imagery groups

Table 5. Mixed ANCOVA results for three-point shooting accuracy

Source df F p Partial 1) *
Time 2,172 18.42 <.001 .18
Group 2,86 5.67 .005 12
Group x Time 4,172 9.83 <.001 .19
MIQ-3 (Covariate) 1,86 7.14 .009 .08

Note. Significant main effects were found for Time and Group. A significant Group x Time interaction
indicated that changes in shooting performance differed between groups. Imagery ability (MIQ-3) had a
significant effect on shooting performance. npz = partial eta squared.

20 -

18 A

16.20

16

14 4

12 4

Predicted Three-Point Shooting Score
(Points out of 75 attempts)

10 4

Self-Confidence Level
(Centered)

—&— High (+1 SD)

—Hl- Mean (0)

---A--- Low (—1 SD)

Active Control

(Reference) Imagery

Internal PETTLEP

External PETTLEP
Imagery

Figure 3. Moderating effect of self-confidence on the relationship between intervention condition and
three-point shooting performance. Values represent model-predicted shooting scores derived from Hayes’
PROCESS Macro (Model 1) at low (-1 SD), mean (0), and high (+1 SD) levels of self-confidence.

Table 6. Moderation analysis of self-confidence on three-point shooting performance

Predictor B SE t p 95% CI

Group Condition 2.84 0.62 4.58 <.001 1.61,4.07

Self-Confidence 0.41 0.15 2.73 .008 0.11,0.71

Group x Self-Confidence 0.52 0.21 2.48 .015 0.10,0.94
Model Statistics

Statistic Value

R2 .38

F 17.45

p <.001

AR? (Interaction) .05
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Table 7. Within-group effect sizes for three-point shooting accuracy

Group Pre-Post d Magnitude Pre-Retention d Magnitude
Internal PETTLEP 1.81 Large 1.36 Large
External PETTLEP 1.62 Large 1.14 Large
Active Control 0.54 Medium 0.13 Trivial

Note. Interpretation of Cohen’s d: Trivial (<0.20), Small (0.20-0.49), Medium (0.50-0.79), Large (>0.80).

demonstrated superior predicted shooting scores
compared with the Active Control Group, with the
strongest performance observed among athletes
with high self-confidence (+1 SD), supporting the
significant moderation effect.

As shown in Table 7, both PETTLEP imagery
groups  demonstrated larger  within-group
improvements than the Active Control Group across
post-test and retention assessments.

Discussion

The present study examined the effects of
Internal PETTLEP Imagery Training and External
PETTLEP Imagery Training on three-point shooting
performance in adolescent basketball players while
controlling for imagery ability and investigating the
moderating role of self-confidence. The findings
indicated that both PETTLEP imagery interventions
resulted in greater improvements in shooting
accuracy than the Active Control condition.
Furthermore, performance gains were maintained
at the two-week retention assessment, indicating
that the effects of the interventions were retained
beyond the immediate training period.

Descriptive and inferential analyses revealed
improvements in three-point shooting performance
in both imagery groups from pre-test to post-test,
whereas the Active Control Group showed smaller
improvements. The Group x Time interaction
indicated that changes in shooting performance
differed across intervention conditions. These
findings are consistent with previous evidence
indicating that PETTLEP imagery can be used as
a psychological strategy to support sport-specific
performance when integrated with regular practice.

A finding of the present study was that Internal
and External PETTLEP imagery produced comparable
improvements in shooting accuracy. Although both
imagery groups outperformed the Active Control
Group, nodifferences were observed between the two
imagery perspectives at post-test or retention. This
finding suggests that both first-person and third-
person PETTLEP imagery can support basketball
shooting performance when imagery sessions
closely replicate the physical, environmental,
emotional, and temporal characteristics of actual
performance. Similar findings have been reported
in previous sport psychology research, indicating
that imagery effectiveness may depend more on
the quality and functional realism of the imagery
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experience than on imagery perspective alone [19,
20].

The comparable effects of the two imagery
perspectives may be particularly relevant in
basketball shooting, where successful performance
requires the integration of technical execution,
attentional focus, confidence, and consistency.
Internal imagery may emphasize first-person
movement experiences, whereas external imagery
may facilitate observation of shooting technique and
body positioning [21]. The absence of differences
between the imagery groups suggests that coaches
and practitioners may select either perspective
according to athlete preference, training objectives,
and individual comfort without affecting the
outcomes of the intervention [10, 22].

Another finding was the moderating role of self-
confidence. Athletes with higher self-confidence
demonstrated greater improvements in shooting
performance following PETTLEP imagery training
than athletes with lower confidence levels. This
result is consistent with previous research showing
that confidence is associated with concentration,
persistence, emotional regulation, and performance
execution in sport settings [23]. Athletes who
possess greater confidence may engage more fully
with imagery interventions, which may contribute to
differences in performance outcomes. The present
findings are also consistent with previous evidence
indicating that psychological characteristics may
influence responses to mental skills training
programs [24, 25].

The maintenance of higher confidence levels at
retention may indicate that imagery interventions
are associated with psychological changes in
addition to changes in performance. Previous studies
have reported that repeated imagery practice can
reinforce perceptions of competence and readiness
for performance situations, thereby influencing
confidence-related beliefs [5, 26]. Consequently,
coaches implementing PETTLEP imagery may
consider strategies that also support confidence
development alongside imagery training.

Imagery ability was also identified as a covariate
of shooting performance. Participants with higher
MIQ-3 scores generally demonstrated higher
shooting scores across assessment occasions.
This finding is consistent with previous evidence
indicating that athletes who can generate vivid,
controllable, and realistic mental images may derive
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different responses to imagery-based interventions
[27]. By statistically controlling for imagery ability,
the present study reduced the potential influence
of baseline differences in imagery capacity, thereby
helping to distinguish intervention-related effects
from pre-existing individual characteristics.

The study included a two-week retention
assessment. Both PETTLEP imagery groups
maintained higher shooting scores than baseline
levels, whereas the Active Control Group
demonstrated limited retention of performance
improvements. These findings suggest that PETTLEP
imagery may contribute to the maintenance of
performance changes following the cessation of
structured intervention. Similar observations have
been reported in imagery research, indicating
that mentally rehearsed performance experiences
may contribute to the retention of sport-specific
performance changes over time [5, 28].

The findings have practical implications for
coaches, physical education teachers, and sport
psychologists. PETTLEP imagery can be incorporated
into regular basketball training programs alongside
shooting practice. The comparable effects of
internal and external imagery perspectives
provide flexibility in intervention design, allowing
practitioners to tailor imagery programs to
individual athlete preferences. Furthermore, the
moderating role of self-confidence highlights the
relevance of considering psychological readiness
when implementing imagery-based training
interventions. In the present study, imagery
sessions lasting approximately 10-15 minutes were
implemented before shooting practice.

Limitations

Several limitations should be acknowledged.
The study included only male adolescent basketball
players, which may limit the applicability of the
findings to female athletes and other competitive
levels. Shooting performance was assessed under
standardized testing conditions and may not fully
reflect performance during competitive game
situations. In addition, the study focused on
shooting performance and retention outcomes
and did not include biomechanical, kinematic, or
perceptual-cognitive measures. Consequently, the
mechanisms associated with changes in performance
could not be directly examined. Future research
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may incorporate movement-process analyses,
biomechanical assessments, and longer follow-up
periods to examine PETTLEP imagery interventions
in basketball and other sport contexts.

Conclusions

Internal and external PETTLEP imagery can
be incorporated into basketball shooting training
and may be used as complementary approaches
to practice in adolescent athletes. The findings
indicate that imagery perspective alone may not
be the primary factor influencing the outcomes of
PETTLEP-based interventions. Instead, individual
characteristics, including imagery ability and self-
confidence, appear to be relevant considerations
when implementing imagery training. These
observations support the use of structured PETTLEP
imagery within basketball training programmes and
suggest that psychological factors should be taken
into account when planning and applying imagery-
based interventions.

Acknowledgments

The author acknowledges the basketball players
who participated in this study and the coaching staff
for their support and assistance during the training
intervention.

Funding Statement
This research received no external funding.

Data Availability Statement

The data supporting the findings of this study
are part of the author’s ongoing PhD research and
are not publicly available due to institutional and
ethical restrictions. Data may be available from the
corresponding author upon reasonable request and
subject to institutional approval.

Conflict of Interest
The authors declare no conflict of interest.

Al Transparency Statement

The authors confirm that no artificial intelligence
tools were used to generate the scientific content
of this manuscript. Language-editing support was
used to improve clarity and readability. All content
was reviewed and approved by the authors.



2026

03

References

1. Petway AJ, Freitas TT, Calleja-Gonzalez J, Medina
Leal D, Alcaraz PE. Training load and match-
play demands in basketball based on competition
level: A systematic review. Balsalobre-Fernandez
C (ed) PLOS ONE, 2020;15(3): e0229212.
https://doi.org/10.1371/journal.pone.0229212

2. Boddington BJ, Cripps AJ, Scanlan AT, Spiteri
T. The validity and reliability of the Basketball
Jump Shooting Accuracy Test. Journal of
Sports Sciences, 2019;37(14): 1648-1654.
https://doi.org/10.1080/02640414.2019.1582138

3. Vencurik T, Milanovi¢ Z, Lazi¢ A, Li F, Matulaitis
K, Rupci¢ T. Performance factors that negatively
influence shooting efficiency in women’s basketball.
Frontiers in  Physiology, 2022;13: 1042718.
https://doi.org/10.3389/fphys.2022.1042718

4. ParavlicAH, SlimaniM, Tod D,Marusic U,MilanovicZ,
Pisot R. Effects and Dose—Response Relationships of
Motor Imagery Practice on Strength Development in
Healthy Adult Populations: a Systematic Review and
Meta-analysis. Sports Medicine, 2018;48(5): 1165-
1187. https://doi.org/10.1007/s40279-018-0874-8

5. Simonsmeier BA, Andronie M, Buecker S, Frank
C. The effects of imagery interventions in sports:
a meta-analysis. International Review of Sport
and Exercise Psychology, 2021;14(1): 186-207.
https://doi.org/10.1080/1750984X.2020.1780627

6. Holmes PS, Collins D]. The PETTLEP Approach
to Motor Imagery: A Functional Equivalence
Model for Sport Psychologists. Journal of
Applied Sport Psychology, 2001;13(1): 60-83.
https://doi.org/10.1080/10413200109339004

7. Williams SE, Cumming J, Ntoumanis N,
Nordin-Bates SM, Ramsey R, Hall C. Further
Validation and Development of the Movement
Imagery Questionnaire. Journal of Sport and
Exercise  Psychology,  2012;34(5): 621-646.
https://doi.org/10.1123/jsep.34.5.621

8. Kanthack TFD, Bigliassi M, Vieira LF, Altimari
LR. Efeito agudo da imagética no desempenho de
lances livres e percepcao de autoeficcia em atletas
[Acute effect of imagery on free throw performance
and self-efficacy perception in athletes]. Revista
Brasileira de Cineantropometria e Desempenho
Humano, 2013;16(1): 47-57. (In Portuguese ).
https://doi.org/10.5007/1980-0037.2014v16n1p47

9. Morone G, Ghanbari Ghooshchy S, Pulcini C, Spangu
E, Zoccolotti P, Martelli M, et al. Motor Imagery
and Sport Performance: A Systematic Review on
the PETTLEP Model. Applied Sciences, 2022;12(19):
9753. https://doi.org/10.3390/app12199753

10. Schuster C, Hilfiker R, Amft O, Scheidhauer
A, Andrews B, Butler J, et al. Best practice for
motor imagery: a systematic literature review
on motor imagery training elements in five
different disciplines. BMC Medicine, 2011;9(1): 75.
https://doi.org/10.1186/1741-7015-9-75

11. Fadare AS, Langco LA, Canalija CV], Kabirun CA,
Abelardo-Sabandija BJ. Athletes’ Confidence and
AnxietyManagement: AReviewin Achieving Optimal

133

Sport Performance. International Journal of Science
and Management Studies (I[SMS), 2022;5(4):311-318.
https://doi.org/10.51386/25815946/ijsms-v5i4p133

12. Feltz DL. Self-Confidence and Sports Performance:
Exerciseand Sport Sciences Reviews,1988;16:423-458.
https://doi.org/10.1249/00003677-198800160-00016

13. Yang L, Tian Y, Wang Y. Noisy condition and
three-point shot performance in skilled basketball
players: the limited effect of self-talk. Frontiers
in Sports and Active Living, 2024;5: 1304911.
https://doi.org/10.3389/fspor.2023.1304911

14. Schack T, Essig K, Frank C, Koester D. Mental
representation and motor imagery training.
Frontiers in  Human  Neuroscience, 2014;8.
https://doi.org/10.3389/fnhum.2014.00328

15. Faul F, Erdfelder E, Buchner A, Lang AG.
Statistical power analyses using G*Power 3.1:
Tests for correlation and regression analyses.
Behavior Research Methods, 2009;41(4): 1149-1160.
https://doi.org/10.3758/BRM.41.4.1149

16. World Medical Association Declaration of
Helsinki: Ethical Principles for Medical Research
Involving Human Subjects. JAMA, 2013;310(20):
2191. https://doi.org/10.1001/jama.2013.281053

17. Cox RH, Martens MP, Russell WD. Measuring
Anxiety in Athletics: The Revised Competitive
State Anxiety Inventory-2. Journal of Sport
and Exercise Psychology, 2003;25(4): 519-533.
https://doi.org/10.1123/jsep.25.4.519

18. Wakefield CJ, Smith D, Hogard E, Ellis R, Parry
C. Using PETTLEP imagery as a simulation
technique in nursing: Research and guidelines.

Nurse Education in Practice, 2020;43: 102700.
https://doi.org/10.1016/j.nepr.2020.102700
19. Lee SM, Horino H. Exploring the

Incorporation of Imagery Based on PETTLEP.

The Sport Psychologist, 2025;39(4): 260-270.
https://doi.org/10.1123/tsp.2023-0170

20. Ezumah C. Mental imagery and
performance  in  athletes.  Zenodo;  2022.

https://doi.org/10.5281/ZENODO.7325629

21. Zhang Z, Rittisom S, Kanchanataweekul T. Effect
of Imagery Training on College Students’ Basketball
Shooting Accuracy. International Journal of Sociologies
and Anthropologies Science Reviews, 2023;3(6): 413—
424, https://doi.org/10.60027/ijsasr.2023.3686

22. RichlanF,WeifM,KastnerP,Braid].Virtualtraining,
real effects: anarrative review on sports performance
enhancement through interventions in virtual
reality. Frontiers in Psychology, 2023;14: 1240790.
https://doi.org/10.3389/fpsyg.2023.1240790

23. Shen YQ, Sim YK, Bae J, Bang IJ, Seo JP.
Differences in the relationship among grit, self-
regulation, competition preparation, and sport
confidence across performance levels: a multi-
group analysis. Scientific Reports, 2025;15(1): 31111.
https://doi.org/10.1038/s41598-025-16448-w

24. Lee G, Ryu J, Kim T. Psychological skills
training impacts autonomic nervous system
responses to stress during sport-specific imagery:
An exploratory study in junior elite shooters.
Frontiers in  Psychology, 2023;14: 1047472.



Physical Culture, Recreation and Rehabilitation

https://doi.org/10.3389/fpsyg.2023.1047472 The benefits of guided imagery on athletic
25. Chu TL (Alan), Petrie TA. Assessing and performance: a  mixed-methods  approach.
Maximizing Collegiate Athletes’ Psychological Skills Frontiers in  Psychology, 2025;16: 1500194.
Under Constraints: A Preseason Brief Intervention https://doi.org/10.3389/fpsyg.2025.1500194
Approach. The Sport Psychologist, 2021;35(2): 168—  28. Guillot A, Rienzo FD, Frank C, Debarnot U,

176. https://doi.org/10.1123/tsp.2020-0119 MacIntyre TE. From simulation to motor execution:
26. Williams SE, Quinton ML, Veldhuijzen Van a review of the impact of dynamic motor imagery
Zanten JJCS, Davies ], Moller C, Trotman GP, et al. on performance. International Review of Sport

Mastery Imagery Ability Is Associated With Positive and Exercise Psychology, 2024;17(1): 420-439.
Anxiety and Performance During Psychological https://doi.org/10.1080/1750984X.2021.2007539
Stress. Frontiers in Psychology, 2021;12: 568580.
https://doi.org/10.3389/fpsyg.2021.568580

27. Volgemute K, Vazne Z, Malinauskas R.

Information about the authors:

Marina Lawrance; https://orcid.org/0009-0003-0252-2099; marinalawrance@gmail.com; Department
of Physical Education and Sports Sciences, Hindustan Institute of Technology and Science (Deemed to be
University); Padur, Tamil Nadu, India.

Parasuraman Thavasu; (Corresponding Author); Assistant Professor (SG); https://orcid.org/0000-0001-
9306-8407; parasuramt@hindustanuniv.ac.in; Department of Physical Education and Sports Sciences,
Hindustan Institute of Technology and Science (Deemed to be University); Padur, Tamil Nadu, India.

Cite this article as:

Lawrance M, Thavasu P. Internal and external PETTLEP imagery training effects on three-point shooting
performance in adolescent basketball players. Physical Culture, Recreation and Rehabilitation, 2026;5(3):124-
134.

https://doi.org/10.15561/physcult.2026.0302

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
(http://creativecommons.org/licenses/by/4.0/deed.en).

Received: 2026-05-20
Accepted: 2026-06-25
Published: 2026-06-28

134



