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Abstract

Physical fitness and psychomotor performance can play a crucial role in decision-making
ability, reaction time, and movement time among female handball players at different age
levels. Our study aimed to compare the physical fitness performance and psychomotor abil-
ities among trained young female handball players from different age groups (U14 vs. U16).
The study group included 61 female handball players (U14 = 26; 13.2 ± 0.8) and U16 = 35;
15.1 ± 0.8). The Mann–Whitney U test was conducted to compare the performance of
physical fitness and psychomotor abilities between groups (U14 and U16). Afterward,
the Pearson product-moment correlation was used to explore the relationship between
physical fitness and psychomotor abilities performance among all participants. Results
showed that zig-zag with the ball (s) had a significant correlation with movement time
(ms) in the Spatial Attention Test (SPANT) (r = 0.30). The plate tapping test (s) emerged
as a strong indicator of psychomotor speed (ms), showing significant correlations with a
range of variables, including Simple Reaction Time Test (SIRT) movement time (r = 0.48),
Choice Reaction Time Test (CHORT) movement time (r = 0.57), Hand–Eye Coordination
Test (HECOR) reaction time (r = –0.48), HECOR movement time (r = 0.69), SPANT reaction
time (r = 0.63), and SPANT movement time (r = 0.52). These findings have implications for
the development of trained young female handball players. Training programs may benefit
from age-specific emphasis, focusing more on fundamental coordination and reaction-
based exercises in younger athletes and progressively incorporating cognitively demanding
drills for older adolescents.

Keywords: team sports; youth female athletes; motor coordination; reaction time; decision-
making

1. Introduction
Handball is a high-intensity, multidimensional sport that demands a blend of strength,

speed, agility, coordination, and rapid decision-making [1]. Many studies consistently show
that structured training leads to significant improvements in sprinting, jumping, change
of direction, upper and lower limb strength, and repeated sprint ability [2,3]. Therefore
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physical fitness is fundamental for the development and performance of youth female
handball players, particularly in the U14 and U16 age groups [4]. Well-developed physical
fitness enhances game performance, supports technical and tactical skill execution [5,6].
Additionally, physical fitness qualities like agility, coordination, and muscle mass are
positively associated with technical skills such as throwing, dribbling, and defensive
actions [7–9].

On the other hand psychomotor abilities among trained young female handball play-
ers have garnered attention within sports science, particularly considering the sport’s
unique physiological and psychological demands [10,11]. Psychomotor abilities encompass
a range of skills, including coordination, speed, agility, and strength, all of which are
essential for successful handball performance [10,12]. Moreover many studies show that
players competing at higher levels exhibit significantly faster reaction times and superior
psychomotor abilities. Notably, there is also evidence of a relationship between body
composition (e.g., BMI, body fat percentage) and psychomotor test results, with higher
BMI and fat content associated with slower reaction and movement times [13–16].

In terms of psychomotor abilities, research indicates that these skills tend to develop
significantly with both age and experience in sports activities [17]. Other studies have
shown that coordination-related tasks improve as children grow, and these improvements
are accentuated through participation in organized sports [18]. Specifically, differences in
psychomotor skills become apparent between 12–29 years old, with older groups typically
demonstrating superior cognitive-motor integration during competitive scenarios [19].
Moreover, Lander et al. that less experienced female athletes tend to exhibit enhanced
speed and agility compared to their more experienced counterparts, as supported by the
literature on age-related performance benchmarks [20]. In handball, age-related declines in
physical fitness have been documented, with U15 players demonstrating superior sprinting
and jumping abilities, which are essential for the high-intensity demands of the sport [21].
Furthermore, physical fitness differences among age cohorts of female athletes often relate
to physiological and developmental factors. It has been established that as girls transition
from adolescence to adulthood, improvements in muscular strength, endurance, and
aerobic capacity are evident. For instance, data show that female athletes in various age
groups, such as U18 and U20, exhibit higher muscular strength compared to normative
data, potentially due to the competitive nature of sports necessitating higher strength levels.
Furthermore, research indicates that older female athletes tend to perform better in agility
and precision tasks, as motor skills and nervous system development improve with age [18].
This assertion is supported by findings from [22], who highlighted performance differences
based on age and sex, observing that physical fitness attributes, such as strength, tend
to improve as athletes mature. Additionally, a review comparing fitness levels in youth
athletes noted significant gains in muscular endurance across age groups [22,23].

Consideration should also be given to reaction time, movement time, and decision-
making abilities among youth handball players, which can be understood in the context
of their development across various age groups. These psychomotor abilities are critical
in handball, where rapid responses and efficient movement execution can significantly
influence game play outcomes. For instance, ref. [6] analyzed the psychomotor abilities of
professional handball players and noted that athletes with less training seniority typically
exhibit slower reaction times compared to the group of handball players with more than
14 years of training experienced. This pattern may be attributed to the development of
the central nervous system, which affects how quickly athletes can respond to stimuli.
However, notable variability remains among youth players, with younger age groups
generally demonstrating longer reaction times due to less developed motor skills and
cognitive processing capabilities [24]. Moreover, previous research has reported that
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younger players often take longer to execute movements than older and more experienced
athletes. Therefore, training at younger ages should focus on skills that enhance both motor
time and movement efficiency [12].

Furthermore, some research highlights that U8-U9 players often struggle with decision-
making, as they may lack the practical experience necessary to respond optimally in situa-
tional contexts [17]. It has been observed that the decision-making speed and accuracy of
U8-U9 players improve with increased exposure to competitive play, which fosters a better
understanding of game dynamics and enhances situational awareness [17]. Moreover,
adapting the training framework to include game-specific scenarios and small-sided games
can dramatically strengthen decision-making skills. Jurišić et al. found that these formats
not only improve physical performance but also enhance cognitive functions necessary for
making quick decisions during matches [3]. Overall, psychomotor abilities, such as reac-
tion time, movement time, and decision-making, exhibit notably different developmental
trajectories across age groups in youth handball players. Younger players typically exhibit
longer reaction and movement times, as well as slower and less effective decision-making
capabilities. For this reason, the connection between physical fitness performance and
psychomotor abilities can be foundational to success in young female handball players,
underpinning both their athletic and psychomotor development. Therefore the interplay
between physical fitness and psychomotor abilities forms the cornerstone of performance
in trained young female handball players [5].

However, the literature on psychomotor abilities and performance in young female
handball players is still scarce, as most previous studies have primarily focused on male
participants. On the other hand, there is a lack of details on the relationship between
physical fitness components and psychomotor abilities, which might be relevant at the
early stages of handball players’ development. Addressing this gap is essential, as scientific
research in this area is crucial for deepening our understanding of developmental processes
and for informing handball evidence-based training.

Therefore, the aims of the current study were twofold: (1) to analyze and compare
psychomotor abilities and physical fitness performance among trained young female hand-
ball players from different age groups (U14 vs. U16), and (2) to examine the relationship
between psychomotor abilities and physical fitness components. Moreover, we have for-
mulated hypotheses for our research: (1) U16 handball players achieve better results in
complex psychomotor tests than U14 players, (2) In contrast, U14 handball players achieve
better results in simple Hand–Eye Coordination tasks than U16 players and (3) compo-
nents of physical fitness show significant correlations with psychomotor abilities in both
age groups.

2. Materials and Methods
2.1. Participants

This study included 61 young trained female handball players aged 14.3 ± 1.2 years,
divided into two age categories: U14 13.2 ± 0.8 (n = 26) and U16 15.1 ± 0.8 (n = 35). All fe-
male players were competing in a handball youth competition, with a mean of four training
sessions per week plus one match during the weekend. To participate in the study, players
must have at least two years of training experience, attend a minimum of three training
sessions per week, and be free from injury for the last two weeks prior to data collection.
All procedures implemented in this study were approved by the Ethics Committee of the
University of Madeira (151/CEUMA/2024, 21 November 2024), and written informed
consent was obtained from the participants and their respective legal guardians. A priori,
the Mann–Whitney U test indicated a total sample size of 56 participants to achieve 80 %
power to detect an interaction effect of 0.70 at the 0.05 significance level. Afterward, a priori
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correlation analysis showed a total sample size of 59 participants to achieve 75 % power at
a 0.05 significance level.

2.2. Body Composition

Height was measured to the nearest 0.1 cm using a stadiometer (SECA 213, Microgate,
Hamburg, Germany). Body composition was assessed using hand-to-foot bioelectrical
impedance analysis (InBody 770, InBody, Cerritos, CA, USA). On the platform, participants
stood barefoot with their arms positioned at a 45-degree angle from their trunk and their
feet on the designated spots. During the measurement, the participants were fasting
and using only their underwear. The assessment was conducted in the early morning in
laboratory settings. Body mass (kg), body fat (kg), body fat percentage (%), fat-free mass
(kg), and body mass index (kg/m2) were retained for analysis.

2.3. Psychomotor Fitness
2.3.1. Linear Speed

Participants performed maximal sprints at distances of 5, 10, and 30 m to assess
speed (s). Sprint time was recorded in seconds using Witty-Gate photocells (Microgate,
Bolzano, Italy), and the best of two trials was retained for analysis. Participants recovered
between sprints by walking back to the start line for 2 min between trials.

2.3.2. Agility

Agility was measured using a zig-zag test performed with and without a ball. The
agility test incorporates handball-specific movements, including running forward and
backward, as well as changing direction both with and without the ball (s) [25,26]. Figure 1
shows the arrangement of the markers in a rectangle (A–B–C–D) with 5 m between A–D
and B–C, and 3.5 m between A–B and C–D, with another marker located at the center of the
square (E). Players had to start the course on the left side of marker A, run with and without
dribbling from A to B, around E, from C to D, around E, and finish at A. Players had to
complete the course three times [25]. Each player’s time (in seconds) to run the course
with and without a ball was recorded for analysis using Witty-Gate photocells (Microgate,
Bolzano, Italy).

Figure 1. Zig-Zag - change of direction ability test.

2.3.3. Upper Limb Speed and Coordination

The plate tapping test aims to evaluate the motor component associated with the speed
and coordination of the upper limbs with a back-and-forth movement of the hands (s).
Two circles and a rectangle were fixed to the table, with the rectangle positioned between
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the circles, forty centimeters apart. The athletes faced the table with their legs apart, their
non-dominant hand resting on the rectangle, and their dominant hand resting on the circle
on the opposite side. At the assessor’s signal, each participant moved their dominant hand
as quickly as possible, reached the circle on the other side, and then returned to the circle
of origin, thus completing one cycle. The test consisted of performing 25 complete cycles,
i.e., 50 beats, in the shortest time possible. Each athlete performed the test twice, and the
best result (i.e., the shortest time) was recorded.

2.4. Psychomotor Abilities

Psychomotor abilities were evaluated using the Test2Drive system (ALTA, Siemi-
anowice Śląskie, Poland) [27,28]. Four tests were assessed to measure the indicators of
psychomotor abilities [29]:

• Simple Reaction Time Test (SIRT)—reaction time (RT, ms), movement time (MT, ms),
and the percentage of correct responses (%) assessed basic stimulus-response process-
ing. The participant began the evaluation by placing a finger on the “START” box.
Once a red signal appeared at the top of the screen presented at variable intervals, the
task was to move the finger to the designated blue field as rapidly as possible.

• Choice Reaction Time Test (CHORT)—participants responded to multiple stimuli
with corresponding responses. RT (ms), MT (ms), and accuracy (%) were recorded to
evaluate decision-making speed and movement execution under choice conditions.
One of three bar patterns (horizontal, vertical, or diagonal) was displayed at the top
of the screen. Depending on the stimulus, the participant was required to move the
finger from the “START” box to either the horizontal or vertical target box. When
the diagonal pattern appeared, the correct response was to maintain the finger on the
“START” box.

• Hand–Eye Coordination Test (HECOR)—This test measured sensorimotor processing
speed with RT, MT, and correct response rate (%), which served as key indicators.
After a red impulse appeared in the top row, the participant was required to move the
finger from the “START” box to the blue field as quickly and accurately as possible,
and then return the finger to the starting position.

• Spatial Attention Test (SPANT)—Assessed attentional visuospatial processing, with
RT, MT, and accuracy (%) recorded. During each trial, one box in the row and one in the
column changed color simultaneously, indicating a target location. The participant’s
task was to identify and point to the intersection of the two highlighted boxes, and
subsequently return the finger to the starting field.

The panels illustrating the (a) SIRT, (b) CHORT, (c) HECOR, and (d) SPANT tests can
be seen in Figure 2 in their respective order.

2.5. Statistical Analysis

Descriptive statistics were used to explore the data, including means and standard
deviations. The data normality was verified using the Shapiro–Wilk test, and non-normal
distribution was identified for most of the variables under evaluation. Therefore, the
Mann–Whitney U test was conducted to compare the performance of physical fitness
and psychomotor abilities between groups (U14 and U16). Effect size was calculated
and interpreted according to the following criteria: 0.1 = small effect, 0.3 = medium
effect, and 0.5 = large effect [30]. Afterward, the Pearson product-moment correlation was
respectively used to explore the relationship between physical fitness and psychomotor
abilities performance among all participants. The strength of the correlation was interpreted
following Cohen’s guidelines as small (0.1 < r < 0.3), moderate (0.3 < r < 0.5), and large
(0.5 < r < 1.0). All analyses were conducted using IBM SPSS Statistics software, version 29.0
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(SPSS Inc., Chicago, IL, USA). GraphPad Prism, version 10 (GraphPad Software, San Diego,
CA, USA), was used for illustration. The significance level was set at p ≤ 0.05.

Figure 2. Reaction panel of the Test2Drive system; (a) SIRT—Simple Reaction Time Test, (b) CHORT—
Choice Reaction Time Test, (c) HECOR—Hand–Eye Coordination Test, (d) SPANT—Spatial Anticipa-
tion Test.

3. Results
The present study aimed to compare physical fitness and psychomotor abilities be-

tween two adolescent age groups, U14 and U16, committed to regular sports training. The
findings highlight age-related differences in psychomotor abilities performance, despite
comparable physical characteristics and somatic profiles. Anthropometric data revealed
no significant differences between the groups in terms of height, body mass, BMI, FFM, or
BF % (Table 1), indicating a relatively homogeneous body composition among participants.
Moreover, in physical performance tests, there was evidence of no significant differences
in linear sprint performance (5 m, 10 m, 30 m) or agility tests (zigzag with and without
the ball), indicating similar levels of speed and agility across both groups. However, U16
participants achieved better results than U14 young athletes in the tapping test, suggesting
enhanced neuromuscular coordination and faster upper-limb motor execution. In contrast,
psychomotor assessments showed more pronounced differences between the groups. In
the SIRT, both groups performed similarly, with no significant differences in reaction time,
movement time, or accuracy. However, in the Choice Reaction Test (CHORT), the U16
group demonstrated significantly faster reaction time. The Spatial Attention Test (SPANT)
also favored the U16 group across all variables, suggesting superior visuospatial attention
and sensorimotor integration. Interestingly, the Hand–Eye Coordination Test (HECOR)
yielded better performance from the U14 group in terms of reaction time and accuracy,
potentially reflecting faster but less strategic or less cognitively demanding responses.

Figures 3–5 illustrate the comparison between groups in terms of physical fitness and
psychomotor abilities. No statistically significant differences were observed in body com-
position variables. When analyzing speed (sprints) and agility (zigzag), no significant effect
was found between the U14 and U16 groups. U16 female handball players outperformed
their U14 peers significantly in the plate-tapping test, indicating higher upper-body speed
(p = 0.006, r = 0.35, medium effect size). Regarding psychomotor performance, substantial
statistical differences were observed in CHORT RT (p = 0.014, r = 0.31, medium effect size),
SPANT RT (p < 0.001, r = 0.45, medium effect size), SPANT MT (p = 0.047, r = 0.25, small
effect size), and SPANT correct answers (p < 0.001, r = 0.43, medium effect size), with the
U16 group outperforming the U14 group. In contrast, the U14 presented a significantly
better performance in HECOR RT (p = 0.005, r = 0.36, medium effect size) and HECOR
correct answers (p = 0.014, r = 0.31, medium effect size).
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Table 1. Comparison of body composition, physical and cognitive performance between the U14 and
U16 groups.

Variable U14 (n = 26) U16 (n = 35) p

CA (years) 13.4 (12.8–13.8) 15.1 (14.4–15.7) ≤0.001 **
Height (cm) 162.5 (155.1–167.0) 164.0 (160.0–169.0) 0.075
BM (kg) 56.3 (46.9–70.4) 61.1 (56.5–67.2) 0.249
BF (kg) 13.2 (9.4–23.6) 14.8 (12.6–19.9) 0.545
BF (%) 24.1 (20.2–32.8) 23.5 (21.9–27.5) 0.948
FFM (kg) 43.8 (38.6–48.4) 45.2 (42.1–50.7) 0.155
BMI (kg/m2) 22.1 (18.3–26.7) 22.5 (20.9–24.8) 0.461

5 m linear sprint (s) 1.10 (1.03–1.13) 1.05 (1.00–1.12) 0.125
10 m linear sprint (s) 1.96 (1.89–2.06) 1.99 (1.84–2.06) 0.516
30 m linear sprint (s) 5.01 (4.79–5.18) 5.14 (4.92–5.30) 0.307

Zig-zag without ball (s) 25.6 (24.7–26.3) 25.5 (24.5–26.5) 0.821
Zig-zag with ball (s) 31.4 (29.7–33.2) 31.9 (29.3–35.2) 0.827
Plate tapping (s) 13.6 (11.1–16.0) 10.4 (9.4–14.7) 0.006 *

SIRT RT (ms) 351.5 (336.3–380.3) 344.0 (316.0–369.0) 0.197
SIRT MT (ms) 194.5 (169.3–237.3) 213.0 (177.0–243.0) 0.621
SIRT correct answers (%) 95.0 (95.0–100.0) 100.0 (95.0–100.0) 0.065
CHORT RT (ms) 737.0 (676.0–797.0) 680.0 (644.0–732.0) 0.014 *
CHORT MT (ms) 218.5 (191.8–252.3) 211.0 (190.0–252.0) 0.832
CHORT correct answers (%) 88.0 (78.0–96.0) 92.0 (88.0–96.0) 0.156
HECOR RT (ms) 418.0 (385.0–469.8) 610.0 (401.0–684.0) 0.005 *
HECOR MT (ms) 244.5 (218.5–260.0) 214.0 (194.0–265.0) 0.109
HECOR correct answers (%) 100.0 (95.0–100.0) 96.0 (92.0–100.0) 0.014 *
SPANT RT (ms) 687.0 (589.5–805.8) 481.0 (397.0–655.0) ≤0.001 **
SPANT MT (ms) 285.0 (236.3–338.3) 242.0 (210.0–320.0) 0.047 *
SPANT correct answers (%) 87.5 (67.5–95.0) 100.0 (90.0–100.0) ≤0.001 **

CA—chronological age; BM—body mass; BF—body fat; FFM—fat-free mass; BMI—body mass index;
SIRT—Simple Reaction Time Test; CHORT—Choice Reaction Time Test; HECOR—Hand–Eye Coordination
Test; SPANT—Spatial Anticipation Test; RT—reaction time; MT—movement time; m (meters); s (seconds); cm
(centimeters); ms (milliseconds). * m ≤ 0.05, ** p ≤ 0.001.

Figure 3. Comparison of physical fitness performance between age groups.
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Figure 4. Comparison of psychomotor abilities SIRT, CHORT performance between age groups.

Figure 5. Comparison of psychomotor abilities HECOR, SPANT performance between age groups.

The correlation analysis in the Table 2 among speed, agility, and psychomotor abilities
tests revealed several meaningful relationships, highlighting the measures’ internal con-
sistency and interconnected nature. The 5 m, 10 m, and 30 m sprint tests showed strong
positive correlations (r = 0.67–0.75), confirming their coherence as reliable indicators of
linear speed. Additionally, sprint performance correlated with zig-zag test results without
the ball, and, to a lesser extent, with tapping time and selected psychomotor indicators such
as CHORT reaction time and HECOR movement time. These findings suggest that general
speed may influence both agility and cognitive-motor responsiveness. The research results
related to the zig-zag test with and without a ball were moderately correlated (r = 0.51).
Moreover, zig-zag performance with the ball showed a low but significant correlation with
movement time in the SPANT test (r = 0.30), suggesting that visuomotor coordination
plays a role in the execution of technical agility. The plate tapping test emerged as a pow-
erful indicator of psychomotor speed, showing significant correlations with a range of
variables, including SIRT movement time (r = 0.48), CHORT movement time (r = 0.57),
HECOR reaction time (r = –0.48), HECOR movement time (r = 0.69), SPANT reaction time
(r = 0.63), and SPANT movement time (r = 0.52). These results confirm tapping as a robust
predictor of general neuromuscular speed and psychomotor efficiency. Further analysis
of attention and reaction time tests revealed high correlations between movement time
in the SIRT and CHORT tests (r = 0.82) and between movement time in the HECOR and
SPANT tests (r = 0.64). Additionally, negative correlations between HECOR reaction time
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and SPANT reaction and movement time suggest that a shorter Hand–Eye Coordination
Test is associated with improved spatial attention performance.

Table 2. Significant correlation coefficients for physical fitness and psychomotor abilities performance.

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. 5 m linear sprint (s) – 0.67 ** 0.50 ** 0.46 ** 0.31 * 0.27 * 0.40 **
2. 10 m linear sprint (s) – 0.75 ** 0.36 ** 0.33 * 0.29 *
3. 30 m linear sprint (s) – 0.38 ** 0.27 * 0.29 *
4. Zig-zag without ball (s) – 0.51 **
5. Zig-zag with ball (s) – 0.27 * 0.30 *
6. Plate tapping (s) – 0.31 * 0.48 ** 0.57 ** −0.48 ** 0.69 ** 0.63 ** 0.52 **
7. SIRT RT (ms) – 0.49 ** 0.42 **
8. SIRT MT (ms) – 0.82 ** 0.70 ** 0.32 * 0.41 **
9. CHORT RT (ms) – 0.33 **
10. CHORT MT (ms) – 0.75 ** 0.36 ** 0.53 **
11. HECOR RT (ms) – −0.45 ** −0.56 ** −0.36 **
12. HECOR MT (ms) – 0.54 ** 0.64 **
13. SPANT RT (ms) – 0.26 *
14. SPANT MT (ms) –

SIRT—Simple Reaction Time Test; CHORT—Choice Reaction Time Test; HECOR—Hand–Eye Coordination
Test; SPANT—Spatial Anticipation Test; RT—reaction time; MT—movement time; m—meters; s—seconds;
cm—centimeters; ms—milliseconds; * p ≤ 0.05, ** p ≤ 0.001.

4. Discussion
The study compared the psychomotor abilities and physical performance of U14 and

U16 trained young female handball players, examining the relationship between these
abilities. Regarding the hypotheses put forward, the findings partially supported the first
hypothesis, as U16 players demonstrated superior performance in complex psychomotor
tasks, including the CHORT and SPANT tests, although these differences were not consis-
tent across all examined variables. The second hypothesis was supported, as U14 players
achieved better outcomes in the simple hand–eye coordination task (HECOR). The third
hypothesis was likewise supported, with several significant correlations observed between
physical fitness components and psychomotor performance across the entire cohort. While
both groups showed similar physical characteristics and performance in sprinting and
agility, U16 players generally outperformed U14 players in psychomotor abilities tasks such
as reaction time and spatial attention, indicating age-related cognitive and neuromuscular
development. Interestingly, U14 athletes performed better in the Hand–Eye Coordina-
tion Test, suggesting faster, but possibly less complex, responses. In addition, correlation
analyses showed strong relationships between speed, agility, and psychomotor metrics,
highlighting the integrated physical and cognitive-motor functions of young athletes.

In the CHORT Test, the U16 group demonstrated significantly faster reaction time,
indicating more efficient stimulus processing and decision-making. The SPANT also
favored the U16 group across all variables, suggesting superior visuospatial attention and
sensorimotor integration. These results align with previous research showing that reaction
time tends to decrease with age and training experience [31]. This can be justified by
neural maturation and the development of sport-specific tactical understanding. Younger
players often exhibit longer reaction times due to less refined motor skills and cognitive
processing abilities, which can impede performance during critical game moments [31].
Many researches across sports and cognitive tasks consistently shows that younger players
demonstrate lower levels of perceptual-cognitive skills, strategic thinking, and decision-
making complexity than older or more experienced peers [32,33]. De Waelle et al. [34]
in youth volleyball, anticipation skills begin to improve around age 11, pattern recall
around age 13, and optimal decision-making emerges closer to age 16, indicating a clear
developmental progression in cognitive complexity and strategy use. Similarly, in soccer,
older youth players generate better options, show improved inhibition and cognitive
flexibility, and make more accurate, contextually appropriate decisions than younger
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players [35]. Furthermore, research by Sheppard et al. [36] demonstrated that the ability
to make quick yet informed decisions is developed through experience and cognitive
training, and is well-suited to the handball environment. The importance of these skills is
supported by the findings of Jamel and Majeed [37], who described that focused training
on psychomotor tasks, including decision-making under pressure, can enhance overall
responsiveness and performance in young female players. This was confirmed by the
results obtained in CHORT RT and SPANT RT.

Moreover interesting results were observed in the HECOR RT test, which evaluates
Hand–Eye Coordination. The U14 group achieved better results in both reaction time
and accuracy, potentially reflecting faster but less strategic or less cognitively demand-
ing responses. These findings may indicate developmental differences in attention or
cognitive control strategies between younger and older adolescents. The psychological
skills pertinent to high-contact sports, such as handball, are crucial in shaping an athlete’s
performance capabilities and coping strategies, further contributing to the understanding
of psychomotor abilities in young athletes [38].

Therefore research supports that youth handball players, especially those at higher
competition levels or with targeted training, achieve better results in complex psychomotor
tests than non-athletes or lower-level peers. These findings highlight the importance of
structured psychomotor and coordination training in youth handball development [5,6,39].

The interplay between physical fitness and psychomotor performance is critical in the
context of trained young female handball players. Various components of physical fitness,
including strength, speed, and agility, can contribute to improving psychomotor perfor-
mance, such as reaction time, decision-making, and the execution of skills, across different
age groups [40–42]. The plate tapping test emerged as a powerful indicator of psychomotor
speed, showing significant correlations with key reaction and movement parameters.

Anthropometric data revealed no significant differences between the groups in terms
of height, body mass, BMI, FFM, or BF %, indicating a relatively homogeneous body
composition among participants. There were no significant differences in linear sprint
performance (5 m, 10 m, 30 m) or agility tests (zigzag with and without the ball), indicating
similar levels of speed and agility across both groups. However, U16 participants achieved
better results than U14 young athletes in the tapping test. According to the literature,
strength and speed training are crucial as they enhance the overall physical capability
of players, facilitating powerful movements required during gameplay [43]. A study by
Mijalković et al. [13] emphasized that physical condition and motor abilities are interrelated,
although they found no significant correlation within their sample.

The observed correlations between physical and psychomotor performance support
the integrated nature of these systems. Sprint performance correlated with zig-zag tests
and selected psychomotor indicators such as CHORT reaction time and HECOR movement
time. This suggests that general speed may influence both agility and cognitive-motor
responsiveness. These findings align with the existing literature emphasizing the impor-
tance of integrating agility, strength, and speed training with the development of cognitive
skills through game-specific scenarios [43]. Such integrative approaches may contribute to
holistic player development.

Research consistently demonstrates a significant correlation between physical fitness
and psychomotor abilities such as reaction time, coordination, and vigilance—in team
sports athletes. Higher levels of physical fitness are associated with better motor skills,
faster reaction times, and improved technical execution in sports like football, rugby, and
volleyball [17,29,44–46].

This study presents limitations that should be recognized. First, this is a cross-sectional
analysis, which might limit the generalization of the results. A longitudinal assessment
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would provide a more detailed analysis of the relationship between psychomotor abilities
and physical fitness components. Second, the players’ maturity status was not considered,
which could particularly affect physical performance among the U14 group.

5. Conclusions
The results of the study are of practical importance for coaches and specialists working

with young female handball players: (1) In U14, it is advisable to increase the emphasis on
training basic coordination, simple reactions, and exercises with low cognitive complexity.
(2) In U16, more decision-making tasks, spatial attention exercises, and time-pressured
tasks should be introduced. (3) The plate tapping test can be a quick and practical tool for
monitoring fast upper limb movements. (4) Speed and agility did not differ between age
groups; an individual training approach is recommended in these areas. (5) Combining
cognitive elements with technique and tactics (e.g., small games, perception–decision
exercises) can accelerate the development of psychomotor functions that are key to handball
match situations.
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