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Purpose: The aim of this study was to determine the influence of different motor abilities on performance in shot put, discus, 
and javelin among women, as well as the changes in their importance across different stages of motor learning. 
Methods: Participants were 21 female athletes (age 20.4 ± 1.2 years, body weight 61.6 ± 8 kg, body height 168.5 ± 5.8 cm) 
with recreational to developmental training backgrounds. Over five weeks, participants completed 15 training sessions. 
Technical performance and motor abilities (deadlift, overhead medicine ball throw, 10m sprint, standing long jump) were 
tested across three measurement points. Data were analyzed using repeated measures ANOVA and multiple regression. 
Results: The results showed that upper-body explosive strength was the main predictor of success in all disciplines, with 
the strongest effect in the final stage (shot put β = .76; javelin β = .78). Maximal strength (deadlift) had a modest influence 
initially but became significant in the final stage, particularly in shot put (β = .10, P < .001). Sprint speed and lower-body 
strength had limited predictive value. 
Conclusions: Motor abilities contribute differently to performance at various learning stages. In the early phases, technical 
instruction and movement stabilization are essential, while upper-body explosive power becomes a decisive factor once 
the technique is automated. These findings emphasize the importance of phased and individualized training adapted to the 
discipline and the level of motor development.
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Introduction

One of the earliest and most intricate manifestations of human 
motor activity is throwing, a motor skill characterized by the 
precise propulsion of an object through space, achieved via the 
application of optimally regulated biomechanical parameters 
such as muscular strength, intersegmental coordination, 
and spatiotemporal precision.1 While often perceived as a 
rudimentary action in everyday life, throwing, particularly 
in athletic disciplines such as shot put, javelin, and discus 
throw, constitutes a highly complex motor task.2,3 This skill 
necessitates advanced neuromuscular synergy, encompassing 
sequential activation of multiple muscle groups, efficient force 
transmission along the kinetic chain, and elevated levels of 
fine motor control during the terminal phase of release.4,5 The 
importance of such fine motor regulation is also confirmed by 
recent research in other sports requiring high technical precision, 
where neuromuscular factors have been shown to significantly 
affect stability and performance.6

Throwers' training involves systematically planned content to 
enhance maximal strength and explosive power, enabling higher 
release velocities, optimal release angles, and biomechanically 
stable execution.7,8 Within the training process, various types 
of exercises are employed, which can be categorized into three 
primary groups: basic strength exercises (e.g., squats, deadlifts), 
explosive strength exercises (e.g., Olympic lifts, plyometrics), 
and technical-specific drills that simulate different phases of the 
throw. Integrating these modalities aims to improve the Rate of 
Force Development (RFD), a critical determinant of performance 

in throwing disciplines.4,5 Despite increasing participation and 
achievements in throwing events for female athletes, scientific 
research remains predominantly focused on male populations. 
Given the known sex-based differences in body composition, 
muscle fiber structure, and neuromuscular activation,9,10 
important questions arise regarding the specificity of motor 
skill development in female throwers and its contribution to 
performance across various stages of technical learning.
Motor learning represents a fundamental component of 
athletic development, as it facilitates the transformation of 
uncertain, cognitively demanding movements into automated 
and biomechanically efficient executions.11 Understanding the 
progression of changes that occur across each stage, from initial 
movement acquisition to full automation, is essential for the 
optimal structuring of the training process.12,13 In the initial phase, 
the primary focus is on acquiring basic movement patterns. 
The transitional phase involves stabilizing the technique and 
integrating physical capacities. The final phase is characterized 
by performance optimization, biomechanical precision, and 
consistency.
Although numerous studies have examined the influence of 
individual motor abilities on athletic performance, the manner 
in which their impact evolves across different stages of motor 
learning remains insufficiently explored. This gap is particularly 
evident in the limited number of studies that integrate 
biomechanical performance with the development of specific 
motor capacities in the female throwing population. Therefore, 
this study aimed to identify which motor abilities most impact 
shot put, discus, and javelin performance in physically active 



www.akinesiologica.com 2928

female athletes across the initial, transitional, and final stages of 
motor learning.

Methods

Participants
The study included twenty-one females (age 20.4 ± 1.2 years, 
body weight 61.6 ± 8 kg, body height 168.5 ± 5.8 cm) from 
different sports activity backgrounds, classified as Tier 1 
(Recreationally Active) to Tier 2 (Trained/Developmental) 
according to McKay et al.14 Inclusion criteria to participate in this 
study were: (i) being in good health (absence of cardiovascular 
or pulmonary diseases, pain, acute or chronic illnesses, or 
symptoms of metabolic syndrome); and (ii) having no history of 
serious injuries that could impair their ability to perform physical 
tasks. Exclusion criteria were knowledge and prior experience in 
athletic throwing disciplines. All participants voluntarily agreed 
to participate in the research and provided written informed 
consent prior to their participation. They were fully informed 
about the purpose, procedures, and potential risks of the study, 
as well as their right to withdraw at any time without any 
consequences. A priori power analysis was conducted utilizing 
G*Power software (version 3.1.9.7; Universität Kiel, Germany) 
to determine the minimum necessary sample size with an effect 
size of f = 0.25 (medium effect, repeated-measures ANOVA, 
within-subjects factor), α = .05, and power (1−β) of .80.15 The 
analysis revealed that at least 18 participants were necessary to 
identify significant changes across three repeated assessments 
(initial, transitional, and final). The final sample of twenty-one 
participants yielded adequate statistical power for the conducted 
analyses.
Study design
The methodological framework of this study is based on a 
longitudinal experimental design applied over five weeks to 
monitor changes in motor and technical performance parameters 
in throwing disciplines. The selected timeframe is supported by 
previous research indicating that significant neurological and 
motor adaptations can be achieved within a period of 4 to 6 
weeks of continuous training.16 Based on this, the instructional 
activities in this study were structured to allow the assessment of 
the effectiveness of different stages of motor learning, with the 
aim of better understanding the required frequency and dynamics 
of content repetition, in accordance with the participants’ motor 
status. The research is structured based on a previously validated 
study conducted on a male population,15 which analyzed the 
influence of different dimensions of maximal strength and 
explosive power on performance in shot put (SP), discus (DT), 
and javelin throw (JT). In this study, the same research protocol 
and battery of motor ability tests were applied to a female 
population, allowing for a reliable comparative analysis of gender 
differences in the predictors of success in throwing disciplines. 
The participants underwent three measurement sessions: 
initial, transitional, and final, including evaluations of technical 
performance in all three disciplines and testing of selected motor 
abilities. The tests included an assessment of maximal strength 
via deadlift (DL),17,18 upper body explosive power through an 
overhead 5 kg medicine ball throw (MBM5OH),15 reaction time 
and acceleration through a 10-meter sprint (10m), and explosive 
leg power via standing long jump (SLJ).19,20

Learning Process
Motor learning in the throwing disciplines (shot put, discus, and 
javelin) was conducted within the framework of a five-week 
program, which included systematically structured practical 
sessions focused on acquiring and improving the technical 

elements of each discipline. The learning process was conducted 
under the supervision of qualified instructors with extensive 
experience in athletics. It encompassed fifteen sessions, divided 
into three developmental-functional phases of motor learning: 
initial, transitional, and final.
During the initial phase, participants were introduced to the 
biomechanical and technical fundamentals of each discipline, 
including starting positions, proper equipment handling, 
movement biomechanics, and the essential criteria for correct 
execution. Emphasis was placed on demonstrations and verbal 
instructions, with opportunities for individual correction already 
in the early stages. According to motor learning theory,21 this 
phase corresponds to the cognitive stage, during which the basic 
movement schema is formed.
During the transitional phase, the focus shifted to stabilizing 
the acquired technical elements and integrating them into a 
comprehensive performance. During this phase, participants 
focused on proper coordination between body segments, 
improving rhythm, and integrating motor abilities such as 
strength and explosiveness into a functional performance 
context. This phase corresponds to the so-called associative 
stage of motor learning, where errors are reduced and stable 
movement patterns are formed.22

The final phase focused on automating movement, achieving 
biomechanical precision, and eliminating technical deficiencies. 
Methods such as video analysis, verbal and visual feedback, 
and simulation of competition conditions were employed in this 
stage. The training was structured according to the principles of 
random and variable practice, a practical approach to the long-
term retention and transfer of motor skills, as outlined in the 
literature.23,24 This phase aimed to establish biomechanically 
optimal and automated technical performance for each throwing 
discipline.
Statistical analysis
Results are presented as means ± standard deviations (SD). The 
normality of data distribution was assessed using the Shapiro–
Wilk test. Intraclass correlation coefficients (ICC) with 95% 
confidence intervals (95% CI) were calculated to evaluate the 
reliability of the tests assessing motor abilities. ICC values were 
interpreted according to standard guidelines, where values below 
.50 indicate poor, .50–.75 moderate, .75–.90 good, and above 
.90 excellent reliability.25 The stability of measurements across 
three repeated trials and changes in performance across the 
initial, transitional, and final measurements in shot put, javelin 
throw, and discus throw were analyzed using repeated measures 
ANOVA. Partial eta squared (ηp²) was calculated as a measure of 
effect size with the following thresholds: small (> .01), medium 
(> .06), and large (> .14). Bonferroni post-hoc testing was used 
to examine differences between measurement phases. The effect 
size was calculated using Cohen's d and interpreted according to 
the following thresholds: < .2 (trivial), .2 – .6 (small), .6 – 1.2 
(moderate), 1.2 – 2.0 (large), 2.0 – 4.0 (very large), and > 4.0 
(extremely large).26 To determine the influence of selected motor 
variables (deadlift, 10m sprint, overhead medicine ball throw, 
and standing long jump) on throwing discipline performance, 
multiple linear regression analyses were conducted across all 
measurement phases. Regression models included standardized 
beta coefficients (β), multiple correlation coefficients (R), and 
coefficients of determination (R²) to evaluate the strength and 
explanatory power of the predictors. Statistical significance was 
set at P < .05. Statistical analyses were performed using IBM 
SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
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Results

The Shapiro–Wilk test showed that the distribution of the 
variables did not significantly deviate from normality (P > 
.05). Descriptive analysis reveals that participants exhibit the 
greatest variability in strength (DL) and upper-body explosive 

power (MBM5OH), whereas performance in the 10m sprint and 
SLJ was more homogeneous (Table 1). The DL (40 – 110 kg) 
recorded the widest range of results, whereas the smallest range 
was observed in the 10m (1.90 – 2.11 s) and SLJ (1.74 – 2.10 
m), indicating similar performance levels among participants in 
those tests (Table 1).

Variable min max M(SD)

DL (kg) 40 110 61.43(17.40)

10m (s) 1.90 2.11 2.00(.06)

MBM5OH (m) 5.10 11.35 7.76(1.53)

SLJ (m) 1.74 2.10 1.94(.10)
Note: DL = deadlift; 10m = 10-meter sprint; MBM5OH = overhead medicine ball throw with 5 kg; SLJ = standing long jump; Min = minimum 
value; Max = maximum value; M = mean; SD = standard deviation.

Table 1. Descriptive statistics of predictive variables.

The results in Table 2 indicate high test reliability, with excellent 
ICC for the 10m and MBM5OH, and very good for the SLJ. The 
repeated measures ANOVA showed no statistically significant 

differences between the three measurements (P > .05), confirming 
the consistency of the results.

Variable
T1

M(SD)
T2

M(SD)
T3

M(SD)
F  ICC    (95% CI)

10m (s) 2.04(.07) 2.02(.06) 2.03(.08) 1.13 .922 (.839 – .966)

MBM5OH (m) 7.06(1.34) 7.33(1.56) 7.50(1.64) 2.97 .945 (.886 – .976)

SLJ (m) 1.88(.11) 1.90(.10) 1.92(.09) 3.32 .883 (.757 – .949)
Note: 10m = 10-meter sprint; MBM5OH = overhead medicine ball throw with 5 kg; SLJ = standing long jump; T1, 2, 3 = consecutive trials; M = 
mean; SD = standard deviation; F = Variance ratio; ICC (95% CI) = intraclass correlation coefficient with 95% confidence interval

Table 2.  Reliability analysis.

Mauchly’s test revealed that there was no violation of sphericity 
for shot put (W = .91, P = .405), javelin (W = .79, P = .108), 
and discus (W = .79, P = .108). The repeated measures ANOVA 
showed a significant main effect of time for shot put (SP; Figure 
1A: F = 21.22, P < .001), javelin throw (JT; Figure 1B: F = 
38.30, P < .001), and discus throw (DT; Figure 1C: F = 46.39, 
P < .001). Effect sizes indicated large effects: SP ηp² = .52, JT 
ηp² = .66, DT ηp² = .70. Pairwise comparisons in SP showed 

statistically significant improvements from initial to transitive 
measurements (P = .031, Cohen's d = .76 [moderate]), transitive 
to final (P = .001, Cohen's d = .45 [small]), and from initial 
to final measurements (P < .001, Cohen's d = 1.52 [large]). In 
the JT, significant improvements were observed from initial to 
transitive measurements (P = .009, Cohen's d = .88 [moderate]), 
transitive to final (P < .001, Cohen's d = 1.33 [large]), and initial 
to final measurements (P < .001, Cohen's d = 2.01 [very large]). 

Figure 1. Throwing distance across three measurement points for (A) shot put, (B) javelin, and 
(C) discus throws. Circles show mean distance; error bars = standard deviation. Horizontal lines 
with asterisks indicate significant pairwise differences from the repeated measures ANOVA.; 
INI - Initial measurement; TRA = Transitive measurement; FIN = Final measurement.
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Likewise, in the DT, significant changes were recorded across 
all phases: initial–transitive (P < .001, Cohen's d = 1.14 [large]), 
transitive–final (P < .001, Cohen's d = 1.15 [large]), and initial–
final (P < .001, Cohen's d = 2.08 [very large]).
As shown in Table 3, regression analysis revealed a progressive 
strengthening of the relationship between predictor variables 

and performance outcomes across all disciplines throughout 
the measurement phases. The highest multiple correlation 
coefficients and coefficients of determination were recorded 
in the final measurement for all athletic disciplines (SP: R = 
.85, R² = .72; JT: R = .69, R² = .47; DT: R = .57, R² = .33), 
while these values were the lowest in the initial measurement 

Variable
INI TRA FIN

β P β P β P

SP

DL (kg) - .04

.005

.07

.03

.10

< .001
10m (s) - .128 - .07 - .14

MBM5OH (m)  .73** .62* .76***

SLJ (m) .13 .15 .01

JT

DL (kg) - .14

.56

- .10

.04

- .13

.03
10m (s) - .20 .02 .31

MBM5OH (m)  .34 .66** .78**

SLJ (m) - .01 .34 .32

DT

DL (kg) .05

 .90 

.11

.43

.24

.15
10m (s) - .07 - .21 .25

MBM5OH (m) .01 .31 .47

SLJ (m) - .29 - .16 .08

Table 3. The influence of motor abilities on throwing performance (initial, transitive, and final).

(SP: R = .77, R² = .59; JT: R = .40, R² = .16; DT: R = .25, R² 
= .06). The MBM5OH was the only significant predictor for 
SP in all phases, whereas in TRA and FINAL for JT. There 
were no significant predictors for DT across all phases. 

Discussion 

Findings from the present study demonstrate that motor abilities 
significantly influence performance in shot put, javelin, and 
discus throw among female athletes, with their predictive 
value varying across different stages of motor learning. This 
longitudinal analysis offers a comprehensive perspective on the 
dynamic changes that occur in both technical execution and the 
relative contribution of individual motor variables throughout the 
learning process. Consistent with these observations, Takanashi 
et al,27 highlighted that training programs for female throwers 
are frequently based on models developed for male athletes, 
which fail to account for sex-specific adaptive patterns in female 
motor development.
When each discipline is analyzed individually, different patterns 
of association between motor variables and performance 
become evident. In the initial phase, the results indicate 
weaker associations between motor variables and performance, 
particularly in the discus throw (R² = .06), which aligns with 
the cognitive stage of learning theory,28 where movement 
execution is primarily dominated by conscious processing, and 
physical capacities are not yet fully integrated. It is important to 
emphasize that the discus throw stands out as the most complex 
of the throwing disciplines, primarily due to its high technical 
demands, which involve the integration of rotational movement 
patterns, postural stability, and precise temporal coordination of 
body segments. As a result, mastering this discipline requires 
a longer period of time, particularly during the early stages of 

Note: 10m = 10-meter sprint; MBM5OH = overhead medicine ball throw with 5 kg; SLJ = standing long jump; SP = Shot put; JT – Javelin throw; 
DT = Discus throw; INI - Initial measurement; TRA = Transitive measurement; FIN = Final measurement; β (beta) = Strength of predictor; 
Significance level: * - P < .05; ** - P < .01; *** - P < .001

learning, when technical instability may reduce the impact of 
motor abilities on performance. This highlights the need for 
early training phases to emphasize technical education, visual 
correction, and the automation of fundamental movement 
patterns rather than the intensive development of strength 
capacities. Conversely, in the later stages, characterized by 
highly automated and biomechanically optimized movements, 
a significantly stronger correlation emerges between upper-body 
explosive strength and performance across all three disciplines, 
underlining the critical role of these motor abilities in enabling 
optimal force transfer during the release phase. These findings 
are consistent with previous research,29 which has identified 
the rate of force development as a decisive factor in throwing 
performance.
Explosive strength showed a significant association with shot 
put performance already in the early stages of motor learning, 
whereas in the javelin throw, its contribution became evident 
only after achieving technical stability and biomechanical 
efficiency, which is acquired following the approach phase that 
enables optimal force transfer into the release. This pattern, 
consistent with previous research on male populations, indicates 
that the integration of motor abilities into performance depends 
on the specific biomechanical demands of each discipline.15 In 
technically simpler movements, such as the shot put, explosive 
strength can be effectively applied even in the early stages of 
learning, while in more complex disciplines like the javelin 
throw, its full effect becomes apparent only once the kinematic 
chain is stabilized. These findings underscore the importance 
of tailoring strength training to the unique demands of each 
discipline and the athlete’s stage of motor learning.
The findings of this study indicate that sprint speed (10m 
sprint) and lower-limb explosive power have limited predictive 
value for performance in this specific female population and 
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throwing disciplines. This phenomenon can be attributed to 
the biomechanical characteristics of the throwing technique, 
which rely more heavily on trunk translation and rotation, as 
well as upper-body strength, rather than linear running speed. 
In contrast, previous research30 has identified a significant 
association between lower-limb explosive strength, assessed 
through sprint performance and various jump tests, and javelin 
throw outcomes in male athletes. Sex-based differences in 
body composition further reinforce these findings. On average, 
women have a lower proportion of muscle mass in the lower 
extremities, which limits their capacity to generate high levels 
of explosive force and consequently reduces the contribution 
of the lower body to the overall transfer of kinetic energy to 
the projectile.9 In throwing disciplines such as shot put, discus, 
and javelin, lower-limb muscle groups, mainly the ankle plantar 
flexors and hip extensors, are critical for force generation 
during the final acceleration phase.31 Given that women possess 
proportionally less muscle mass in these regions, their ability 
to generate equivalent explosive force is reduced, which affects 
the biomechanical efficiency of energy transfer during the 
release phase of the throw.32 Despite these limitations, other 
studies indicate that lower-limb strength can still contribute 
to performance in specific contexts, such as plyometric pre-
conditioning, which acutely enhances explosive abilities and 
performance.33

The observed differences in levels of statistical significance and 
effect sizes across disciplines suggest that each throwing event 
is characterized by distinct biomechanical and motor demands. 
The discus throw demonstrated a more significant progression 
in performance (Cohen's d = 2.08) compared to the shot put 
(Cohen's d = 1.52), which may indicate that the discus's technical 
component requires a longer acquisition period yet allows for 
more substantial improvement once it is adequately mastered. 
This underscores the importance of discipline-specific training 
approaches that account for the varying complexity and motor 
learning trajectories of each throwing modality.
Despite its valuable contributions, this study has several 
limitations that should be acknowledged. First, the sample 
consisted exclusively of physically active females, which may 
limit the external validity and generalizability of the findings to 
elite female athletes. Furthermore, although the achieved sample 
size met the a priori power requirements, its relatively small size 
reduces the statistical power of the analysis. It may limit the 
detection of more subtle effects and the stability of the applied 
regression models. Future research should include larger and 
more diverse samples to enhance the robustness and applicability 
of the findings to broader athletic populations. Lastly, although 
the selected timeframe was based on previous scientific findings, 
the acquisition of technically demanding throwing disciplines 
in women likely requires a longer intervention period to more 
reliably assess the impact of motor abilities on throwing 
performance.
These findings have important implications for training design, 
highlighting the need for a phased approach that integrates 
the development of specific motor abilities by the level of 
technical proficiency. In the early stages of learning, coaches 
should prioritize technical instruction and coordination while 
progressively incorporating elements of strength and explosive 
power as technical execution advances to maximize performance 
outcomes. These results go beyond the immediate context of the 
training process, as they clearly indicate that female throwers 
require developmental models that differ from those applied in 
men’s sport. Systematic consideration of sex-specific differences 
in strength, explosiveness, and adaptive patterns is crucial for 

developing sustainable programs that promote long-term 
performance progression and minimize the risk of injury.

Practical Applications

The obtained results have significant practical implications 
for the planning and programming of the training process in 
throwing disciplines among female athletes. In the initial phases 
of motor learning, priority should be directed toward technical 
instruction, stabilization of fundamental movement patterns, and 
correction of biomechanical deficiencies, as physical abilities 
at this stage contribute only a limited amount to performance 
outcomes. As the learning process progresses toward the final 
phase, upper-body explosive strength assumes a key role, 
underscoring the need to incorporate specific training content 
aimed at developing this capacity. Furthermore, although 
maximal strength exerts a smaller effect in the early phases, 
it becomes an important determinant of success in the later 
stages, particularly in shot put, which suggests the need for its 
gradual and long-term development in parallel with technical 
improvement. These findings underscore the importance of an 
individualized and phase-structured approach to training, taking 
into account the specific demands of each discipline. 

Conclusions

This study provides new insights into the dynamic relationship 
between motor abilities and performance in throwing disciplines 
across different stages of motor learning in the female athletic 
population. The results indicate that motor abilities, particularly 
upper-body explosive power, do not contribute equally across 
all phases of learning. Instead, their importance progressively 
increases as technical execution transitions from the cognitive to 
the associative and finally to the autonomous stage. In the early 
phase, biomechanical instability and high levels of cognitive 
involvement in learning limit the contribution of physical 
capacities. In contrast, when motor patterns are stabilized in 
later stages, explosive strength becomes a critical determinant 
of effective force transmission along the kinetic chain. These 
findings further support the notion that physical capacities 
reach their full functional value only when integrated with 
biomechanical precision and technical stability. In technically 
complex events such as the discus and javelin throw, performance 
effectiveness strongly depends on the optimal synergy between 
acquired technical skills and the explosive potential of the upper 
limbs. This highlights the necessity for individualized training 
approaches that consider both the athlete's stage of motor 
development and the unique biomechanical demands of each 
discipline.
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