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Abstract  Speed climbing requires high levels of
explosive power, maximal strength, and psychological
readiness. However, limited empirical evidence has
examined how physical training methods interact with
psychological attributes, particularly self-efficacy, in
influencing performance. This study aimed to investigate
the effects of circuit and conventional plyometric training
on speed climbing performance, differences in
performance between athletes with high and low self-
efficacy, and the interaction between training method and
self-efficacy level. A quasi-experimental study employing
a 2 x 2 factorial design was conducted among 38 eligible
male Indonesian elite athletes aged 21-27 years. Based on
the 27% extreme group technique for self-efficacy
classification, 20 athletes representing the highest and
lowest self-efficacy levels were included in the final
analysis (n = 20). Participants were assigned to four groups
based on training method and self-efficacy level, assessed
using the General Self-Efficacy Scale. Climbing speed
performance was measured before and after an eight-week
intervention, conducted three sessions per week, using

Motion Climb sensor technology. Data were analyzed
using Two-Way ANOVA at a significance level of o= 0.05.
The results indicated that circuit plyometric training
produced significantly greater improvements in climbing
speed than conventional training (F = 20.801, p < .001).
Athletes with high self-efficacy demonstrated significantly
superior performance gains compared with those with low
self-efficacy (F = 16.712, p = .001). A significant
interaction effect was observed (F = 5.284, p = .035), with
the circuit training and high self-efficacy combination
yielding the greatest improvement.

Keywords  Speed Climbing, Plyometric Training,
Circuit Training, Self-Efficacy, Climbing Performance

1. Introduction

Speed climbing has emerged as one of the most dynamic
and physically demanding disciplines within competitive
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sport climbing, characterized by short-duration, high-
intensity efforts requiring exceptional muscular power,
reaction speed, precision, and coordination [1]-[4]. Speed
climbing is distinguished from other climbing disciplines
by distinct morphofunctional and psychophysiological
profiles, highlighting its particular requirements [4]. Elite
athletes are subject to higher performance standards as their
worldwide fame grows, emphasizing the critical need for
combined physical and mental preparation techniques.
Climbers must react immediately to a start signal and
climb the wall on a standardized 15-meter path with 31
holds, finishing by activating a touchpad [5], [6]. In speed
climbing, several specific strength and power components
are critical. Explosive lower-limb power—particularly
from the hip extensors (gluteus maximus), knee extensors
(quadriceps), and ankle plantar flexors (gastrocnemius—
soleus complex)—is essential during the starting push-off
and subsequent dynamic upward propulsion phases, where
athletes repeatedly generate vertical impulse to accelerate
their center of mass. Concurrently, upper-limb pulling
strength and power, primarily involving the latissimus
dorsi, biceps brachii, forearm flexors, and shoulder
stabilizers, are crucial for rapid hold-to-hold transitions and
forceful body repositioning. Core musculature (rectus
abdominis, obliques, and erector spinae) contributes to
trunk stiffness and force transmission between the lower
and upper extremities, enhancing movement efficiency and

minimizing energy leakage during high-velocity sequences.

Reactive strength, mediated through efficient stretch—
shortening cycle (SSC) utilization, supports rapid force
production during brief ground-contact phases on footholds
and during dynamic coordination moves [7]-[11]. Optimal
performance in the starting phase, in particular, is
characterized by a high rate of force development (RFD)
and precise neuromuscular coordination [6], [8].

Although technical proficiency remains fundamental in
speed climbing, performance on the standardized 15-m
route is largely determined by the athlete’s capacity to
generate rapid force production and sustain high-velocity
movements across successive explosive contacts [12]-[15].
Accordingly, structured off-wall conditioning that
specifically enhances stretch-shortening cycle (SSC)
efficiency and neuromuscular synchronization is essential.
Plyometric training was therefore selected because it
optimizes rapid eccentric—concentric coupling, increases
motor unit recruitment and synchronization, and improves
rate of force development—physiological qualities directly
aligned with the dynamic push-offs, reactive foot
placements, and minimal contact times characteristic of
speed climbing [16], [17]. Furthermore, a circuit-based
plyometric format was incorporated to replicate the
repeated high-intensity efforts typical of competitive runs,
where explosive movements occur in rapid succession
under accumulating fatigue [11]. The circuit structure
enables manipulation of exercise density, sequencing, and
work-to-rest ratios, thereby challenging both peak power
output and repeated explosive capacity. In contrast,

conventional  plyometric  programming emphasizes
maximal output with longer recovery intervals, potentially
favoring peak explosiveness without equivalent stress on
repeated-effort tolerance [18]. Comparing these two
models therefore allows examination of whether
adaptations preferentially enhance maximal power or
sustained high-velocity force production, both of which are

mechanistically relevant to elite speed climbing
performance.
Plyometric programs provide better movement

specificity and power-to-weight ratio enhancements
important for climbing performance than conventional
resistance training [19], [20]. The design of plyometric
programs—whether circuit-based or conventional—
significantly affects results such as power development,
fatigue resistance, and training involvement [21]-[23].
Tailored training models have been advised based on
personal climbing preferences and styles [24]. Circuit
plyometric training, particularly utilizing time-efficient,
station-based sequences, may Yyield higher training
volumes, greater intensity, and enhanced motivation [25],
[26]. Data from handball, basketball, volleyball, and
swimming further support the effectiveness of circuit-
based plyometric interventions for improving agility,
sprinting, and explosiveness [27], [28]. Circuit-based
resistance training has the potential to improve climbing
performance because it also has a positive impact on
strength, body composition, and cardiorespiratory fitness
[29].

Evidence from track-and-field further supports
plyometric training as a foundational approach for
developing sprinting and jumping performance, given the
shared reliance on rapid SSC utilization and high RFD [30].
A meta-analysis indicates that chronic plyometric training
typically yields small-to-moderate improvements in sprint
performance, with greater gains observed in shorter
interventions with sufficient session exposure and the
inclusion of horizontally oriented drills [30]. In collegiate
track and field athletes, loaded plyometric activities
embedded within warm-up routines have been investigated
as acute potentiation strategies, although findings suggest
that responses may vary across athletes and conditions [28].
Recent controlled trials in athletic populations also report
improvements in sprint times and competitive running
performance following structured plyometric programs,
including middle-distance runners [31] and national-level
sprinters/jumpers ~ when  plyometric  loading is
individualized using reactive-strength metrics [32].

Psychological factors were incorporated into this study
because adaptations to training are not solely physiological
but are also shaped by athletes’ perceptions of competence
and performance capability [2], [30]. While genetic
predispositions may influence climbing success [4], in
speed climbing—where execution occurs under strict time
constraints and minimal margin for error—self-efficacy
plays a decisive role in regulating attentional focus,
movement confidence, and persistence under competitive
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pressure [31]. Recent systematic reviews confirm that
psychological interventions targeting self-efficacy and
resilience can significantly enhance elite athletes’ mental
wellbeing and performance [32]. Beyond its theoretical
grounding in Bandura’s social cognitive framework, self-
efficacy is particularly relevant when comparing different
training models, as training structure may differentially
influence mastery experiences—the primary source of
efficacy beliefs [33], [34]. Targeted programs
incorporating visualization and relaxation have effectively
boosted speed climbers’ performance by enhancing self-
efficacy [35].

Psychological factors were incorporated into this study
because adaptations to training are not solely physiological
but are also shaped by athletes’ perceptions of competence
and performance capability [2], [33]. While genetic
predispositions may influence climbing success [4], in
speed climbing, where execution occurs under strict time
constraints and minimal margin for error, self-efficacy
plays a decisive role in regulating attentional focus,
movement confidence, and persistence under competitive
pressure [34]. Recent systematic reviews confirm that
psychological interventions targeting self-efficacy and
resilience can significantly enhance elite athletes’ mental
wellbeing and performance [35]. Beyond its theoretical
grounding in Bandura’s social cognitive framework, self-
efficacy is particularly relevant when comparing different
training models, as training structure may differentially
influence mastery experiences—the primary source of
efficacy beliefs [36], [37]. Targeted programs
incorporating visualization and relaxation have effectively
boosted speed climbers’ performance by enhancing self-
efficacy [38].

Higher self-efficacy among climbers has been associated
with superior route completion and better overall
performance [2]. Circuit-based plyometric training,
characterized by repeated high-intensity efforts under
controlled fatigue, may enhance athletes’ confidence in
sustaining explosive output across successive movements,
whereas conventional plyometric formats emphasizing
maximal output with longer recovery intervals may
reinforce perceptions of peak power capability [39]. These
distinct experiential adaptations can shape task-specific
self-efficacy, which has been shown to predict performance
more accurately than generalized self-confidence [40].
Therefore, examining self-efficacy alongside physical
training modalities allows a more comprehensive
understanding of whether performance improvements in
elite speed climbers are driven purely by neuromuscular
adaptations or also by psychologically mediated
enhancements in task-specific belief systems.

Previous research consistently demonstrates that
plyometric training enhances rate of force development,
neuromuscular efficiency, and explosive power—key
determinants of high-velocity movement performance [11],
[16], [17]. Moreover, circuit-based training structures have
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been shown to improve repeated high-intensity effort
capacity and fatigue tolerance, whereas conventional
plyometric formats typically maximize peak power output
under longer recovery conditions [11], [18]. Given that
speed climbing requires both maximal explosiveness and
the ability to sustain rapid force production across
successive movements, it is reasonable to expect
differential adaptations between the two training models.
In addition, task-specific self-efficacy has been identified
as a significant predictor of sport performance, particularly
in time-pressured and high-risk disciplines, suggesting that
psychological belief systems may interact with physical
training adaptations.

Despite the acknowledged importance of physical and
psychological factors, limited studies have explored the
interaction  between different plyometric training
modalities and self-efficacy levels in the specific context of
speed climbing. Therefore, the aims of this study are
threefold: (1) to compare the effects of circuit versus
conventional plyometric training on climbing speed
performance; (2) to examine differences in performance
based on high and low self-efficacy levels; and (3) to
investigate the interaction between training modality and
self-efficacy. This integrated approach may offer
synergistic benefits for optimizing performance outcomes
in elite speed climbers.

2. Materials and Methods

2.1. Research Design

This study adopted a quasi-experimental design utilizing
a 2 x 2 factorial structure to examine (1) the main effects
of independent variables and (2) their interaction with the
attribute variable on the dependent variable [41]. The
independent variables were (a) training method (circuit
plyometric training vs. conventional plyometric training)
and (b) self-efficacy level (high vs. low) as the attribute
variable. The dependent variable was climbing speed,
measured in seconds. The experimental design matrix is
presented in Table 1.

Table 1. The 2x2 Factorial Design

raining Method(A)

Circuit  Conventional

Total
i (A1) (A2)
Self-efficacy(B)
High Self-efficacy (B1) Al1B1 A2B1 B1
Low self-efficacy (B2) AlB2 A2B2 B2
Total Al A2

Note. A1B1 = circuit plyometric training and high self-efficacy; A2B1
= conventional plyometric training and high self-efficacy; A1B2 =
circuit plyometric training and low self-efficacy; A2B2 = conventional
plyometric training and low self-efficacy.
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2.2. Participants

Participants were recruited through purposive sampling
based on predefined criteria, following their voluntary
consent to participate throughout the training series. The
inclusion criteria were established: male sport climbing
athletes from Central Java, Indonesia, aged between 21 and
27 years, specializing in the speed world record discipline
(excluding speed classic), with a minimum of five
consecutive years of active competition experience.

Participants were also required to be injury-free,
meaning they had no acute, subchronic, or chronic injuries
and maintained regular participation in their training
programs.

Following recruitment, a total of 38 male Indonesian
elite athletes met the inclusion criteria and participated in
the study. The average age of the participants was 24.5

years (SD = 4.6), the mean body weight was 71.4 kg (SD =
1.21), the mean height was 167.1 cm (SD = 7.13), and the
average body mass index (BMI) was 24.16 (SD = 1.25).

2.3. Procedure

2.3.1. Treatment Group Distribution

After obtaining institutional research approval and
designing the training intervention, the researchers
proceeded with participant recruitment based on the
defined inclusion criteria. All 38 eligible male speed
climbing athletes underwent baseline assessments to
collect demographic characteristics (height, body weight,
and age) and to measure self-efficacy levels for subsequent
group classification.

s 2
Population (n = 38)

. J
{ | R
Self-efficacy
\. J

N =20 (27% for the upper and -——
lower)

— T~

High (n=10)

Low (n=10)

\/

Randomly

n=>5

n=>5

Figure 1. The flow of treatment group assignments in the research

Table 2. The sample size for each treatment group

Self-efficacy (B) Training methods (A) Total (n)
Circuit (A1) n Conventional (A2) n

High Self-efficacy (B1) Al1B1 5 A2B1 5 10

Low Self-efficacy (B2) AlB2 5 A2B2 5 10

Total Al 10 A2 10 20

Note: A1B1 refers to the high level of self-efficacy group that received circuit plyometric training; A2B1 refers to the high level of self-efficacy
group that received conventional plyometric training; A1B2 refers to the low level of self-efficacy group that received circuit plyometric training;
A2B2 refers to the low level of self-efficacy group that received conventional plyometric training.
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Classifying participants into groups representing the
highest and lowest levels of self-efficacy followed the 27%
extreme group technique [42]. Thus, 27% of the
participants (n = 10) with the highest self-efficacy scores
were assigned to the high self-efficacy group (B1). In
comparison, another 27% (n = 10) with the lowest self-
efficacy scores were placed into the low self-efficacy group
(B2). Accordingly, the total number of participants who
completed the entire research protocol was 20 (n = 20). All
participants provided informed consent, agreeing to engage
in all study phases, which the Ethics Committee of
Universitas Negeri Padang had ethically approved.
Subsequent assignments were performed in four
experimental groups comprising five participants: A1B1,
Al1B2, A2B1, and A2B2. The study ultimately examined
the influence of circuit and conventional plyometric
training while incorporating self-efficacy as an attribute
variable on the athletes' climbing speed. The process of
treatment group assignment is illustrated in Figure 1, and
the sample size distribution across groups is presented in
Table 2.

2.4. General Conditioning and Plyometric Training
Programs

Prior to the plyometric intervention, participants
completed a two-week general conditioning phase
designed to enhance musculoskeletal readiness and reduce
injury risk, particularly to tendons and the neuromuscular
system. This phase emphasized aerobic conditioning,
foundational strength (bodyweight squats, lunges, push-
ups), and coordination drills performed at high volume and
low-to-moderate intensity (60—70% perceived effort).

The primary intervention consisted of an eight-week
plyometric program performed three times per week
(approximately 75 minutes per session). Each session
included: (1) preparation, (2) main training, and (3) cool-
down. The preparation phase followed the RAMP protocol
(Raise—Activate—Mobilize—Potentiate) [43], incorporating
light running, dynamic mobility drills, activation exercises
(gluteal and core activation), and submaximal jump
rehearsals.

The main phase differed according to group allocation.
The conventional plyometric group performed 4-6
exercises per session (e.g., squat jumps, countermovement
jumps, bounding, lateral hops, and drop jumps) in straight
sets of 3-5 sets < 5-8 repetitions per exercise, with full
recovery intervals (2-3 minutes) between sets to maximize
peak power output and movement velocity. In contrast, the
circuit plyometric group performed the same movement
patterns arranged in a sequential circuit format (6-8
stations), with 20-30 seconds of maximal-effort work per
station and 30-45 seconds of transition/rest between
stations, completing 3—4 circuits per session. This structure
emphasized repeated explosive efforts under controlled
fatigue conditions.

Training intensity was maintained at maximal voluntary
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effort for all explosive actions, with progressive overload
applied through increased jump complexity (e.g., single-
leg variations), box height, and total ground contacts.
During the first three weeks, volume and jump complexity
were reduced to facilitate neuromuscular adaptation, after
which intensity and density were progressively increased.
Each session concluded with a 10-minute cool-down
consisting of low-intensity jogging and static—dynamic
stretching.

2.5. Data Collection

This study collected two primary types of data: self-
efficacy scores and climbing speed times. Self-efficacy was
measured using the General Self-Efficacy Scale for
Climbers, a validated and reliable instrument [1]. Climbing
speed performance was assessed using a motion climb
device connected to the climbing route, which measured
athletes' performance times in seconds.

To minimize measurement error and support
reproducibility, all performance testing was conducted on
the official 15 m standardized speed route with an identical
hold configuration for all participants. Climbing time was
recorded via the Motion Climb system using automated
start—finish sensing (start signal to touchpad activation),
thereby reducing observer-dependent timing error. Prior to
each testing session, the timing system was checked and
reset following manufacturer instructions, and a single
trained investigator supervised all trials using a
standardized start command and briefing. After a
standardized warm-up, each athlete completed three timed
attempts separated by at least 3 min of passive recovery,
and the fastest time was used for analysis. Testing was
completed in the same indoor facility and at comparable
times of day to reduce environmental variability.

2.6. Data Analysis

Preliminary analyses to test statistical assumptions were
performed before hypothesis testing. The normality of data
distribution was assessed through the Kolmogorov—
Smirnov test and the homogeneity of variance was
evaluated using Levene's test. Upon satisfying these
assumptions, hypothesis testing was conducted using a
Two-Way ANOVA to analyze group differences. Post hoc
comparisons were performed using Tukey's Honestly
Significant Difference (HSD) test when significant main or
interaction effects were found. A significance level of o
= .05 was set for all analyses. All statistical procedures
were executed using SPSS version 25.

The hypotheses tested were as follows: (1) there is a
significant difference between circuit and conventional
plyometric training methods on climbing speed; (2) there is
a significant difference in climbing speed improvement
between athletes with high and low self-efficacy; and (3)
there is a significant interaction between the training
method and self-efficacy on climbing speed performance.
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3. Results

Table 3 shows the descriptive statistics for climbing
speed improvement across the groups before presenting the
results of the two-way ANOVA analysis.

Immediately after observing Table 3, athletes with high
self-efficacy who participated in circuit plyometric training
achieved the highest mean improvement (M = 15.42, SD =
2.68). In contrast, those with low self-efficacy who
underwent conventional plyometric training demonstrated
the lowest mean improvement (M = 5.25, SD = 3.29).
Overall, the data suggest that the training method and the
self-efficacy level are associated with differences in
climbing speed improvements. The estimated marginal
means for climbing speed improvement are presented in
Figure 2.

As shown in Figure 2, athletes in the circuit training

group with high self-efficacy (B1) exhibited the greatest
improvement in climbing speed. Meanwhile, those in the
conventional training group with low self-efficacy (B2)
achieved the smallest improvement. These patterns further
suggest the importance of both training methods and self-
efficacy.

3.1. Assumption Testing for Analysis

Prior to conducting the two-way ANOVA, assumption
tests were performed.

The Kolmogorov—Smirnov test revealed that the data
were normally distributed, D(20) = 0.145, p > .05.

Levene's test for equality of error variances showed
F(3,16) = 1.347, p > .05, indicating homogeneity of
variances. Thus, the assumptions of normality and
homogeneity of variance were satisfied.

Table 3. Descriptive Data of Climbing Speed Improvement among Sport Climbing Athletes

Exercise Self-Efficacy Mean Standard Deviation N
Circuit High (A1B1) 15.42 2.68 5
Low (A1B2) 7.91 1.23 5
Total 11.67 4.42 10
Conventional High (A2B1) 7.36 2.83 5
Low (A2B2) 5.25 3.29 5
Total 6.30 3.10 10
Total High (B1) 11.39 4.98 10
Low (B2) 6.58 273 10
Total 8.98 4.62 20
20 - * /] Increase average
=
c
<1} /

o

S

[«5)

L

)

c

[«5)

S

[<5)

>

[S)

S

o

E

0 T T T

I
A1B1_Ct AlB2_Ct

I
A2B1_Cl A2B2_Cl

I T T 1

A1B1_Ct = high self-efficacy group with circuit plyometric training; A1B2_Ct = low self-efficacy group with circuit plyometric training; A2B1_CI =
high self-efficacy group with conventional plyometric training; A2B2_CI = low self-efficacy group with conventional plyometric training. The asterisk

(*) indicates a significant difference between groups (p < .05)

Figure 2. Estimated marginal means (%standard error) of climbing speed improvement
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3.2 Two-Way ANOVA Results

The results of the two-way ANOVA are summarized in
Table 4.

Table 4. Two-Way ANOVA Summary for Climbing Speed Improvement

souce TS er Sme F SO

Corrected Model 295.876 3 98.62 1426 .001

Intercept 1616.22 1 1616.22 233.77 .001

A 143.80 1 143.80 20.80 .001

B 115.53 1 115,53 16.71 .001

A*B 36.53 1 36.53 528 .035

Error 110.61 16 6.91

Total 2022.71 20
Corrected Total 406.49 19

a. R Squared = .728 (Adjusted R Squared = .677)

Analysis of variance revealed a significant main effect
of the training method, F(1,16) = 20.801, p < .001, and a
significant main effect of self-efficacy, F(1,16) = 16.712, p
= .001. Furthermore, a significant interaction effect
between the training method and self-efficacy was found,
F (1,16) =5.284, p = .035.

3.3. Hypothesis Testing

3.3.1. First Hypothesis

The results indicated a significant difference in climbing
speed improvement between the circuit and conventional
plyometric training groups. Athletes in the circuit training
group showed a greater improvement (M = 11.67) than
those in the conventional training group (M = 6.30).
Therefore, the null hypothesis (Ho) was rejected, and the
alternative hypothesis (H:) was accepted.

3.3.2. Second Hypothesis

A significant difference was also found between athletes
with high versus low self-efficacy. Athletes with high self-
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efficacy demonstrated more significant improvements (M
= 11.39) than those with low self-efficacy (M = 6.59).
Based on these findings, the null hypothesis (Ho) was
rejected, and the alternative hypothesis (H:) was accepted.

3.3.3. Third Hypothesis

The interaction effect between the plyometric training
method and self-efficacy on climbing speed improvement
is illustrated in Figure 3.

Figure 3 reveals that athletes who combined circuit
training with high self-efficacy (M = 15.42) showed the
most notable increases in climbing speed. The other groups,
particularly the conventional training group with low self-
efficacy (M = 5.25), showed less of an improvement. These
results suggest that circuit training coupled with high self-
efficacy produces the most significant changes in climbing
speed performance. Accordingly, the null hypothesis (Ho)
was rejected, and the alternative hypothesis (Hi) was
accepted.

3.3.4. Post-Hoc Analysis

A post hoc analysis using Tukey's Honestly Significant
Difference (HSD) test was performed to explore the
significant interaction effect further. The results are
presented in Table 5.

Table 5 shows that athletes who received circuit training
combined with high self-efficacy differed significantly (p
<.05) from all other groups.

Specifically, significant differences were observed
between: 1) Circuit training with high self-efficacy vs.
circuit training with low self-efficacy; 2) Circuit training
with high self-efficacy vs. conventional training with high
self-efficacy; and 3) Circuit training with high self-efficacy
vs. conventional training with low self-efficacy.

In contrast, no significant differences were found among
the remaining three groups. These findings confirm that
circuit plyometric training and high self-efficacy are the
most effective approaches for enhancing climbing speed
among speed-climbing athletes.

16

14

/0 15.43

/

=== Circuit

12
10 /

Mean

7.36

L= = T e
N
)
o

Low

Self Efficacy

High

Figure 3.

Interaction between Plyometric Training Method and Self-Efficacy in Climbing Speed Improvement
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Table 5. Post-Hoc Test Results

Tukey HSD
95% Confidence Interval
(1) Method*SE (3) Method * SE Mean Std. Sig.
Difference (I-J) Error Lower Bound

Upper Bound

Circuit & Low SE 751" 1.66296 0.002 2.75 12.27
Circuit & High SE Conventional & High SE 8.07" 1.66296 0.001 331 12.82
Conventional & Low SE 10.17" 1.66296 0.000 541 14.93
Conventional & High SE 0.56 1.66296 0.987 -4.2 531

Circuit & Low SE
Conventional & Low SE 2.66 1.66296 0.406 -2.1 7.42
Conventional & High SE Conventional & Low SE 2.10 1.66296 0.597 -2.65 6.86

*. The mean difference is significant at the 0.05 level.

4. Discussion

The present study investigated the effects of different
plyometric training modalities and self-efficacy levels on
speed-climbing performance among elite Indonesian
athletes. The findings affirm the central hypothesis that
physical and psychological factors significantly influence
climbing performance and that their interaction can
magnify or diminish training effects.

Circuit plyometric training led to significantly greater
improvements in climbing speed than conventional training
approaches. This corroborates earlier results that circuit-
based models, defined by low rest intervals, high exercise
density, and sport-specific movement patterns, are
successful at improving neuromuscular efficiency and
reactive strength [16], [19], [20]. The success of circuit
training can be attributed to its ability to target the stretch—
shortening cycle (SSC) mechanism more dynamically,
improving explosive strength and endurance critical to
rapid climbing movements [44], [45]. Moreover, circuit-
based training may promote metabolic adaptations linked
to anaerobic power output, which is especially important
during the 6-8 s maximal effort common in speed climbing
competitions [7], [10]. The study revealed a robust main
effect of self-efficacy on performance improvement,
consistent with the proposition that self-efficacy shapes
effort, persistence, and resilience [36]. Athletes with higher
self-efficacy were likelier to maintain motivation during
demanding training sessions and interpret challenges as

surmountable, fostering greater performance gains [2], [46].

In climbing, where falls, time pressure, and execution
precision are constant stressors, the psychological ability to
remain composed and confident directly influences
physical execution quality [33], [35]. Thirdly, and perhaps
most notably, the study found a significant interaction
between training methods and self-efficacy. Athletes
undergoing circuit training with high self-efficacy
demonstrated the most substantial improvements,
suggesting a synergistic effect when psychological
readiness aligns with an optimal physical training modality.
Conversely, even circuit training's advantages diminished

when self-efficacy was low, highlighting the psychological
factors' moderating role. Interestingly, conventional
training paired with high self-efficacy yielded better results
than circuit training with low self-efficacy, underscoring
that psychological readiness can sometimes compensate for
less optimal physical training designs [37], [40]. This
finding resonates with broader sports science literature,
where mental toughness, self-efficacy, and resilience are
increasingly recognized as mediators of physical
performance outcomes across sports such as volleyball,
basketball, and swimming [27], [28].

Practically, these results emphasize that strength and
conditioning programs for climbers should not operate
independently from psychological preparation. Effective
interventions should integrate cognitive-behavioural
strategies such as goal-setting, imagery training, and self-
talk optimization to enhance self-efficacy [1], [38].
Coaches should routinely evaluate athletes' psychological
states because changes in self-efficacy may necessitate
prompt modifications to training volume, complexity, or
intensity to sustain motivation and engagement. Despite its
strengths (factorial design and validated measurement
instruments), the study has limitations. The sample was
relatively small (n = 20) and homogeneous (male
Indonesian youth athletes), limiting generalizability.
Future research should explore diverse populations,
including female athletes and different age groups, to
investigate whether the observed interaction effects
between training modality and self-efficacy are consistent
across demographics [4]. Furthermore, including
physiological biomarkers—such as  neuromuscular
activation patterns, tendon stiffness adaptations, and
hormonal responses—would provide mechanistic insights
into the observed training effects [47], [48].

5. Conclusions

This study showed that circuit plyometric training is
noticeably more effective among elite Indonesian speed
climbers than traditional training at increasing climbing
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speed. Crucially, the results showed that self-efficacy is a
significant  psychological moderator of training
effectiveness, enhancing the advantages of optimal
physical conditioning. Athletes with high self-efficacy who
underwent circuit plyometric training achieved the most
significant performance improvements, highlighting the
necessity of a holistic approach to athlete development that
addresses physiological and psychological domains.

Coaches, trainers, and sports scientists should implement
integrated training models that emphasize physical
performance enhancement and foster psychological
attributes such as self-efficacy, mental toughness, and
resilience. Such models will be essential for maximizing
performance outcomes, especially in sports like speed
climbing, where mental and physical capacities are
simultaneously tested. Regular psychological evaluations,
customized mental skills training, and coaching techniques
that adjust to athletes' psychological readiness levels are all
advised components of athlete development programs.
Future studies should build on these results by examining
how psychological concepts and other physical training
techniques interact with one another in various athletic
populations. The sports community can move closer to
more thorough, efficient, and long-lasting models of high-
performance training and competition success by
acknowledging and methodically enhancing athletes'
physical and mental abilities.
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