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Abstract

While motor and technical skills are typically assessed through
field-based soccer tests, cognitive skills are usually evaluated in
controlled laboratory environments. The Skills.Lab Arena is a
newly developed testing and training device that enables motor,
technical, and cognitive assessments in a soccer-specific setting.
This study evaluated the reliability and usefulness of the
Skills.Lab Arena technology. In a test-retest design (7 days, 1
month), 31 young soccer players (age, 13.5 + 0.5 years) per-
formed 10 trials of technical and motor-cognitive tests. Absolute
and relative intersession reliability were determined using the in-
traclass correlation coefficient (ICC) and coefficient of variation
(CV). Bland-Altman analysis was used to assess agreement, mean
differences, and limits of agreement (LoA). A repeated-measures
ANOVA was applied to identify potential learning effects be-
tween test sessions. The smallest worthwhile change and typical
error (TE) were calculated to assess the intersession usefulness of
the tests. The Skills.Lab Arena tests demonstrated good relative
and absolute intersession reliability, with ICC values ranging
from 0.75 to 0.89 for time-based tasks and 0.71 to 0.91 for accu-
racy-based tasks. Bland-Altman analysis revealed minimal mean
differences with acceptable 95% LoA. CV values ranged from
1.78% to 4.5% for time-based tasks and were slightly higher,
ranging from 8.08% to 19.87%, for accuracy-based tasks. Learn-
ing effects were observed in one ball-related agility test. In light
of the results, the Skills.Lab Arena can be considered a reliable
diagnostic tool for assessing motor-cognitive performance in
young soccer players. However, despite its reliability, further val-
idation is needed before it can be recommended for practical use.

Key words: Testing, training, sport, technique skills, cognition,
athlete.

Introduction

The process of identifying talent in soccer involves multi-
ple factors, with technical proficiency often considered a
key indicator of performance potential (for review, see
(Sarmento et al., 2018). Research highlights the im-
portance of technical skills, such as dribbling, passing, and
shooting accuracy, as critical metrics for coaches and
scouts to assess a player’s abilities (Bergkamp et al., 2022;
Huijgen et al.,, 2009; Waldron and Worsfold, 2010;
Williams et al., 2020). The application of these technical
skills in soccer requires players to adapt to the dynamic and

ever-changing demands of the game environment (Aratjo
et al.,, 2019). Furthermore, the adaptive actions of one
player contribute to the formation of team synergies, ena-
bling cohesive and effective collaboration (Aratjo et al.,
2023).

As a result, players develop attunement to infor-
mation relevant to specific goal-directed behaviors, which
enhances the team’s ability to respond dynamically and ef-
ficiently to the immediate challenges of the performance
environment (Button et al., 2021). This dynamic interplay
highlights the importance of perceptual-cognitive elements
in soccer, including aspects such as the speed and accuracy
of stimulus localization, working memory, motor response
control, anticipation, and decision-making (Bennett et al.,
2019; Glavas et al., 2023; Woods et al., 2020; Zhao et al.,
2022).

In this context, exploring new methods for as-
sessing soccer players' performance that integrate cogni-
tive skills in soccer-related scenarios becomes crucial. Cur-
rent testing procedures often evaluate cognitive skills in la-
boratory settings and controlled scenarios (Feria-Maduefio
et al., 2024; Glavas et al., 2023; Zwierko et al., 2019).
However, applying laboratory conditions to ensure repeat-
ability and reproducibility decreases a test’s ecological va-
lidity, i.e., how well a test predicts performances in real
game scenarios (Kihlstrom, 2021), and typically does not
include actions specific to soccer players. On the other
hand, traditional field-based tests in soccer training primar-
ily focus on assessing motor abilities, physiological param-
eters, tactical understanding, and technical skills
(Clemente et al., 2022; Dambroz et al., 2022), making it
challenging to capture significant cognitive skills. Simi-
larly, popular game-based tests, such as the Game Perfor-
mance Assessment Instrument (GPAI) (Oslin et al., 1998),
the Game Performance Evaluation Tool (GPET)
(Memmert and Harvey, 2008), and the System of Tactical
Assessment in Soccer (FUT-SAT) (Costa et al., 2011), pro-
vide valuable insights into players' game performance and
tactical competencies. However, their effectiveness can be
limited by subjective evaluation methods, observer relia-
bility issues, and difficulties in fully replicating the cogni-
tive demands of competitive matches (Garcia Lopez and
Gutiérrez Diaz del Campo, 2018; Memmert and Harvey,
2008). Therefore, it is essential to explore complementary
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methods that can support and enhance the current ap-
proaches to player assessment, ensuring a more compre-
hensive evaluation of soccer performance.

As new technologies advance, there is a growing
demand for supplementary training and testing methods
aimed at enhancing sports performance, particularly
among young soccer players developing their motor-cog-
nitive skills. Since success in soccer relies on a combina-
tion of key competencies, innovative approaches to sports
diagnostics and training that integrate motor and cognitive
skills hold promising potential (Friebe et al., 2024a; Friebe
et al., 2024b; Honer et al., 2023; Musculus et al., 2022).
For example, recent proposals for assessing motor-cogni-
tive agility performance in elite youth soccer players have
focused on the use of Skillcourt technology (Friebe et al.,
2024b), which integrates multiple object tracking into re-
active agility testing. However, in this case, while typical
movement patterns involving changes of direction in re-
sponse to unexpected stimuli were included, the object
tracking component involved non-specific stimuli. In this
context, the development of new diagnostic tools that inte-
grate objective measurements of motor, technical, and cog-
nitive aspects of soccer performance appears highly justi-
fied. In that sense, our research focuses on developing a
novel test battery aimed at improving the prediction of on-
field performance. This approach integrates complex tech-
nical and motor elements with cognitive tasks, placing a
strong emphasis on assessing performance in specific
sports contexts.

The Skills.Lab Arena is an advanced simulator de-
signed to integrate motor and cognitive tasks across vari-
ous technical and tactical skills, offering a structured plat-
form for assessing soccer performance in controlled yet
specific conditions. Covering an area of 320 m?, the facility
is equipped with ball launchers, cameras for tracking ball
trajectory and player movements, and six interactive
screens displaying dynamic visual stimuli, such as moving
players and targets. These features enable precise evalua-
tion of performance metrics, including shot and pass speed
and accuracy. Despite its implementation in top soccer
academies, there is currently a lack of scientific research
exploring its potential in structured studies. This presents
an opportunity to systematically evaluate the reliability and
usefulness of Skills.Lab Arena in assessing and training
soccer-specific motor-cognitive skills under conditions
closely replicating on-field scenarios. Given that the pro-
posed test battery combines complex motor and technical
and tactical components with complex cognitive tasks, this
integration may induce high intertrial variability. There-
fore, the first step in this evaluation focuses on assessing
reliability, as it is critical for determining whether the test
is practically applicable and for ensuring consistent results
in subsequent assessments. Establishing reliability is a pre-
requisite for meaningful validation, as a measurement pro-
cess must demonstrate sufficient stability before its validity
can be properly assessed (Friedman et al., 2022).

In that sense, this study aims to evaluate the psycho-
metric properties of ten test tasks designed specifically for
U-14 soccer players, utilizing the Skills.Lab Arena tech-
nology. By ensuring the reliability of the test battery, we
aim to provide a robust tool that enhances talent identifica-

tion, optimizes training interventions, and improves perfor-
mance assessment in soccer academies. Standard reliability
measures, such as the intraclass correlation coefficient
(ICC), Bland-Altman analysis for agreement assessment,
and coefficient of variation (CV), were employed. The
study aims to demonstrate the usefulness of the test battery
as a tool sensitive enough to detect performance changes
that are practically significant and not merely due to ran-
dom fluctuations caused by measurement error (Atkinson
and Nevill, 1998). To achieve this, the typical error (TE)
and smallest worthwhile change (SWC), key parameters
for evaluating test usefulness, were calculated.

Methods

Participants

Thirty-one elite youth male soccer players aged 13 to 14
years (mean age = 13.5 + 0.5 years, body mass = 52 = 7 kg,
height = 1.60 = 0.08 m) participated in the study, providing
sufficient statistical power for the analysis. An a priori
power analysis was conducted using G*Power (version
3.1.9), based on a within-subjects analysis of variance
(ANOVA) as the main statistical test, with an a-level of
0.05, power of 0.9, and effect size (f) of 0.33, based on the
average effect size obtained in the study by Friebe et al.
(2023) on the reliability of motor-cognitive testing tools,
including agility and reaction time tasks. The analysis in-
dicated that a minimum sample size of 21 participants was
necessary to achieve sufficient statistical power, a criterion
that was met in our study. All participants had at least three
years of competitive experience and trained regularly at a
local soccer club, practicing four times a week and com-
peting in a championship match each weekend. This con-
sistent training and match play provided a strong founda-
tion for evaluating their performance in various soccer-spe-
cific tasks. Prior to the study, informed consent was ob-
tained from all players, and their legal guardians gave writ-
ten consent to participate in the study. The study protocol
adhered to the tenets of the Declaration of Helsinki and was
approved by the University Institutional Review Board un-
der the reference number 92/24.

Methods

Measurement of football players' motor and cognitive
skills was conducted on a grass pitch at Skills.Lab Arena
(Anton Paar SportsTec GmbH, Austria). The simulator was
equipped with 4 ball machines (Machines 1 to 4) capable
of reaching speeds up to 130 km/h, and 6 cameras for ana-
lyzing the trajectory of the balls, with a resolution of 2448
x 2048 pixels and an image capture speed of 40 frames per
second. The ball machines featured adjustable speed and
trajectory settings, allowing for a wide range of training
scenarios, from low-speed passes to high crosses. Each ma-
chine was designed for precision and reliability, integrated
seamlessly with the Skills.Lab system for accurate moni-
toring and analysis. Around the pitch, there were 6 screens
(Screens 1 to 6) with a total area of 60 m?, made of block
tarpaulin measuring 9.85 x 4.70 m. Each location where
the ball hit one of the screens was recorded by the system
with an average deviation of 3.6 cm. The Skills.Lab Arena
was managed by servers running on a 64-bit Linux Mint
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21.2 operating system, ensuring reliability and perfor-
mance. Examples of the test setups in the Skills.Lab Arena
are presented in Figure 1.

The evaluation session in the Skills.Lab Arena in-
cluded 10 tests designed to assess various aspects of U-14
football skills, including: passing accuracy, shooting accu-
racy, ball control, cognitive abilities, and motor skills. Each
task assessed the percentage accuracy of passes and/or
shots (Tasks 1 to 8), as well as the time taken to complete
each action.

Task 1 - Ground Pass to Target

The player was positioned facing Machine 1, which fired
10 balls in sequence, at a speed of 40 km/h. The task re-
quired the player to make quick and accurate decisions in
response to simple stimuli by receiving each ball and then
executing a precise pass to a designated target. These tar-
gets were displayed alternately on the left and right screens,
demanding rapid reactions to changing conditions and con-
tinuous adjustments in positioning and technique. The test
assessed the player's technical skills in ball control and
passing as well as their ability to make fast decisions under
pressure (https://www.jssm.org/video/TEST1.html).

Task 2 - Ground Pass to Moving Target

In this exercise, the player had to demonstrate not only
technical precision in receiving the ball, but also the ability
to make quick decisions and anticipate the movement of
the target. Positioned in front of Screen 2, the player re-
ceived 10 passes alternately from Machines 1 and 2, which
fired the ball at a speed of 45 km/h. On the screen, a player
simulating a running teammate appeared across the full
width of the screen, requiring the player to deliver a precise
and timely pass. This test measured the player’s ability to
evaluate the situation dynamically, adjust body position-
ing, and choose the most effective foot for the pass in

response to a complex, changing environment

(https://www.jssm.org/video/TEST2.html).

Task 3 - Power Shot on Goal

This task aimed to assess both the power and precision of
the shot, as well as the ability to adjust the shot based on
the side from which the ball was received. The player re-
ceived eight balls alternately from Machines 1 and 2, fired
at a speed of 40 km/h. Screen 2 displayed a large goal with
a goalkeeper, requiring the player to quickly decide which
foot to use for the shot. The test evaluated the player's abil-
ity to deliver powerful and accurate shots while quickly
adapting to changes in the side from which the ball was
passed on the field
(https://www.jssm.org/video/TEST3.html).

Task 4 - Precision Shooting

The player needed to demonstrate not only technical preci-
sion but also cognitive aiming—the ability to target small,
randomly appearing goals on the screen. Positioned next to
the scoreboard, the player received 12 balls alternately
from Machines 1 and 4 at a speed of 45 km/h. On Screen
3, a goal appeared, with small targets randomly displayed.
After receiving the ball, the player needed to quickly assess
the situation and decide on the appropriate foot to use based
on the origin of the pass. This task evaluated quick deci-
sion-making, precise aiming, and adaptability to changing
conditions (https://www.jssm.org/video/TEST4.html).

Task 5 - First Touch and Pass to Moving Target

In this task, the player had to combine the ability to quickly
process information with the technique of receiving and
delivering precise passes under time pressure to a player
moving from the right or left side on the screen. Positioned
next to Screen 5, the player received 10 passes alternately
from Machines 1 and 3, fired at a speed of 60 km/h.
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Figure 1. Examples of test setups in the Skills.Lab Arena: A) Cognitive Passing to a Moving Target task, B)
Precision Shooting task, C) Cognitive Passing to an Overload task, and D) Ground Pass to a Target task.



280

Reliability and utility of the skills.lab arena

After each pass, the player’s task was to quickly receive the
ball, dribble it to the circle displayed on the field, and then
pass to a running player displayed on Screens 2 and 3, re-
quiring appropriate timing and pass accuracy. The screens
also showed static opponents
(https://www.jssm.org/video/TEST5.html).

Task 6 - Cognitive Passing to the Target

This test required mastering the technique of receiving and
passing the ball alongside the ability to execute complex
reactions, such as completing a 180-degree turn in response
to changing screen conditions. Positioned in the center of
the Arena, the player received 20 passes alternately from
Machines 1 and 4, fired at a speed of 50 km/h. The screens
displayed static players to whom the ball needed to be
passed accurately after completing the turn. The player
needed to process information rapidly to adjust their posi-
tion and passing technique based on the incoming pass di-
rection and target location
(https://www.jssm.org/video/TEST6.html).

Task 7 - Cognitive Passing to the Moving Target

This task combined anticipation of screen-displayed player
movements with quick decisions on passing direction after
a turn. Positioned in the center of the Arena, the player re-
ceived 20 passes alternately from Machines 1 and 4, fired
at a speed of 55 km/h. After receiving the ball, the player
performed a 180-degree turn and, while running, passed the
ball to a moving target displayed on the screen. The pres-
ence of static defenders required continuous adaptation of
technique and decision-making to maintain possession
(https://www.jssm.org/video/TEST7.html).

Task 8 - Cognitive Passing to the Overload

This task emphasized the player’s cognitive abilities, such
as rapid perception, working memory, and situational
awareness, to quickly analyze the situation on the field and
identify the numerical advantage of teammates. Positioned
in the center of the Arena, the player received 10 passes
alternately from Machines 1 and 4 at a speed of 45 km/h.
The screens displayed running players and opponents, re-
quiring the player to identify the screen with a numerical
advantage (e.g., 3:2, 2:1, 1:0). The player then executed a
precise pass while running, integrating perceptual, cogni-

tive, and motor skill. This test assessed the ability to ana-
lyze field situations quickly, recall tactical patterns, and
make effective decisions under pressure
(https://www.jssm.org/video/TEST8.html).

Task 9 - Agility Test with Ball

The player demonstrated agility and speed while dribbling
the ball in a dynamically changing environment. Posi-
tioned next to Machine 4, the player received a pass from
this machine at a speed of 25 km/h and had to dribble the
ball as quickly as possible within a rectangle measuring 3
x 5 meters. This task tested agility and technique adjust-
ments to the changing conditions
(https://www.jssm.org/video/TEST9.html).

Task 10 - Agility Test
This task was similar to Task 9 but did not involve a ball.
The player started in an illuminated laser circle, with the
timer starting as they exited the circle. The run ended when
the player returned to the illuminated circle, completing
two laps (https://www.jssm.org/video/TEST10.html).
Table 1 presents a summary of the description of the
10 tests.

Experimental Setup

To assess the reliability and usefulness of the Skills.Lab
Arena, we employed a test-retest study design. Following
the guidelines from previous reliability studies in sports
(Hopkins et al., 2001; Schatz and Ferris, 2013). we set the
measurement intervals at 7 days and 1 month. On each of
the three testing days, participants completed the entire set
of test tasks, numbered from 1 to 10, in the order recom-
mended by the manufacturer. Prior to the tests, participants
underwent a 15-minute warm-up, which included jogging,
joint mobility exercises, dynamic stretching, and short
sprints. Before starting the tests, an investigator provided
each participant with standardized instructions. Subse-
quently, each participant completed an adaptation trial to
familiarize themselves with the adaptation task procedure
in the Skills.Lab Arena, which included 2 exercises with a
ball. The adaptation task lasted 3 minutes. The entire meas-
urement procedure for one person took approximately 35
minutes.

Table 1. Overview of the description and key features of the 10 tests

Task

Focus/Key Skills Assessed

Task 1 - Ground Pass to Target
Task 2 - Ground Pass to Moving Target
Task 3 - Power Shot on Goal
Task 4 - Precision Shooting

goals.
Task 5 - First Touch and Pass to Moving
Target
Task 6 - Cognitive Passing to the Target
Task 7 - Cognitive Passing to Moving Tar-
get making.

ness.

Task 8 - Cognitive Passing to the Overload

Task 9 - Agility Test with Ball
Task 10 - Agility Test

pressure.

Ball control, precise passing, quick decision-making under simple stimuli.
Anticipation, technical precision, dynamic decision-making in response to
moving targets.

Shot power and accuracy, adaptation to ball origin, quick decision-making.
Cognitive aiming, precise targeting, adaptability to randomly appearing

Ball control, dribbling, passing accuracy under time pressure, tactical aware-

Ball control, 180-degree turns, passing accuracy, reacting to static targets.
Anticipation, passing accuracy, adaptation to defender presence, decision-

Cognitive processing, situational awareness, tactical decision-making under

Agility, ball dribbling in a dynamic environment.
Agility, response to start/stop conditions.
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Statistical analysis

After an initial plausibility check, the assumptions for par-
ametric testing required for ANOVA were verified. The
Shapiro—Wilk test was used to assess normality, and
Levene’s test was applied to evaluate the homogeneity of
variances. Descriptive statistics were expressed as mean +

standard deviation (SD) and 95% confidence intervals (CI).

To evaluate reliability and usefulness, both absolute
and relative reliability were assessed. Absolute reliability
was expressed as the typical error (TE), calculated using
Hopkins's spreadsheet, and reported as a coefficient of var-
iation (CV%) (Hopkins, 2000). A CV of less than 10% was
considered the threshold for reliability (Simperingham et
al., 2016). The smallest worthwhile change (SWC), repre-
senting a small effect, was calculated as 0.2 x between-
subject SD. Tests were considered sensitive and useful if
SWC exceeded TE (Hopkins, 2004).

Relative reliability was assessed using intra-class
correlation coefficients (ICC, model 3,1). An ICC > 0.7
was deemed acceptable for indicating good agreement and
the ability of the test to differentiate between individuals
(Baumgartner and Chung, 2001). Additionally, Bland-Alt-
man analysis was performed to assess agreement by evalu-
ating mean difference and limits of agreement (LoA)
(Bland and Altman, 1986). In this study, the first two meas-
urements (1 and 2) were averaged to represent a combined
baseline estimate, which was then compared to the third
measurement (3).

Potential learning effects were analyzed using re-
peated-measures ANOVA, with "days" (day 1, day 2, day
3) as the factor. Post-hoc comparisons with Bonferroni ad-
justments were conducted to determine differences be-
tween days. Effect sizes were classified according to partial
eta squared (np?) values: small (0.01), medium (0.06), and
large (0.14) (Cohen, 1988). The level of statistical signifi-
cance was set at p < 0.05. All analyses were conducted us-
ing the JASP statistical package (version 16.1, jasp-
stats.org).

Results

Intersession reliability results and ANOVA analyses eval-
uating learning effects across test days are presented in Ta-
bles 2 and 3, respectively. All tests exhibited good interses-
sion reliability, as reflected by ICC values across the three
testing days, with time parameters showing ICCs ranging
from 0.75 to 0.89, and accuracy parameters ranging from
0.71 to 0.91. Bland-Altman analysis showed mean differ-
ences ranging from -0.06 to 0.82 seconds for time parame-
ters and from -0.32 to -0.07 points for accuracy parameters
across all tests, with acceptable 95% limits of agreement.
All Bland-Altman plots for each test are included in the
supplementary materials (Figures S1-S17), providing a
clear visualization of measurement agreement. Within-in-
dividual variation, expressed as CV, ranged from 1.78% to
4.5% for time parameters, and from 8.08% to 19.87% for
accuracy. The analysis showed that the smallest worth-
while change (SWC) exceeded the typical error (TE) for all
the tests examined.

ANOVA indicated significant differences in perfor-

mance across the three testing days for the agility test with
aball (T9) (F2.090=3.103, p=0.050, np> = 0.065), with post-
hoc analyses revealing notable performance improvements
between the first and third testing days (p = 0.044, d = 0.6).
No significant intersession variations were observed in the
results of the remaining tests.

Discussion

This study explored the intersession reliability and useful-
ness across a broad range of motor-cognitive and soccer
technical and tactical skills using the Skills.Lab Arena, spe-
cifically designed for evaluating young U-14 soccer play-
ers. The relative reliability, measured by intra-class corre-
lation coefficients (ICC), for all soccer skill measures re-
lated to ball control, passing, and shooting (T1-T9), ranged
from moderate to high (ICC = 0.75 - 0.91). These values
are significantly higher than those reported in earlier tests
that focused on passing and shooting accuracy (ICC = 0.26
- 0.38) (Ali et al., 2007; Russell et al., 2010) and are com-
parable to findings from Radman et al. (2016) (ICC =0.70
- 0.88). However, they are slightly lower than those ob-
served in stationary shooting tests (ICC = 0.87 - 0.95) (Ber-
jan Bacvarevic et al., 2012; Markovic et al., 2006).

The Bland-Altman analysis demonstrated a high
level of agreement between test sessions, as indicated by
the minimal mean differences and narrow 95% limits of
agreement (Bland and Altman, 1986). The small range of
mean differences for time (-0.06 to 0.82 seconds) and ac-
curacy (-0.32 to -0.07 points) suggests negligible system-
atic bias. Additionally, the acceptable LoA indicates that
variability between sessions was within a practically mean-
ingful range, reinforcing the reliability of the measure-
ments across the three test days.

Overall, the Skills.Lab Arena tests demonstrated
good reliability, particularly in time-related parameters,
with the coefficient of variation (CV) consistently remain-
ing below 5%. This range of 1% to 5% for the CV is typical
for most performance and sports-related tests, as these val-
ues are considered highly reliable and acceptable within the
context of sports research (Hopkins, 2000). However, the
analysis of accuracy parameters in the Skills.Lab Arena
soccer tests related to passing and shooting accuracy
showed that in most cases, the coefficient of variation (CV)
exceeded 5% (Table 1). In performance tests related to soc-
cer, particularly those involving technical skills such as
passing and shooting accuracy, it is not uncommon for the
CV to exceed 10% (Clemente et al., 2022). This is espe-
cially true for more complex tests that combine technical
actions like passing and shooting, where higher variability
is often observed. For instance, some studies have reported
CV values exceeding 30% in certain soccer performance
tests for young players, particularly in scenarios where
technical skills are combined with physical actions (Ruba-
jezyk and Rokita, 2015). Moreover, it is believed that soc-
cer skills such as passing, dribbling, and shooting typically
exhibit higher within-individual variation compared to
measures of motor abilities such as speed, agility, and en-
durance (Ali, 2011).
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Table 2. Intersession reliability measures between test session 1. 2. and 3 for the interactive soccer technical tests.

Bland-Altman Mean diff.

Test Outcome 1CC (95% CT) CV (%) TE (95% CI) SWC (0.2)
(lower - upper LoA)

time (s) 0.75 (0.49— 0.88) 20.02 (0.33 — 0.29) 450 0.10 (0.08—0.12) 1.66
T1. Ground Pass to Target accuracy of hits (pts) 0.83 (0.66 — 0.92) 2030 (-2.06 — 1.47) 8.08 0.61 (0.51 — 0.77) 3.19
. time (s) 0.85 (0.65—0.93) 20.06 (-0.32—0.20) 333 0.09 (0.07 —0.11) 1.47
12 (I RIIEEIES LD L (O I LT accuracy of hits (pts) 0.88 (0.75 — 0.94) 2032 (-1.93 — 1.28) 9.1 0.54 (0.45 — 0.68) 412
time (s) 0.78 (0.54—0.89) 20.02 (-0.47—0.44) 3.69 0.15 (0.12— 0.19) 134
T3. Power Shot on Goal accuracy of hits (pts) 0.80 (0.58 — 0.90) -0.07 (-1.19 — 1.05) 10.33 0.31 (0.26 — 0.40) 5.86
T4 Precision Shootin time (s) 0.83 (0.65 —0.92) 0.04 (-0.15-0.22) 2.11 0.06 (0.05 — 0.08) 0.95
: g accuracy of hits (pts) 0.91 (0.82 — 0.96) -0.27 (-1.96 — 1.42) 9.31 0.58 (0.49 — 0.74) 47
. . time (s) 0.79 (0.64 — 089) 0.06 (-0.13 - 0.26) 178 0.06 (0.05—0.07) 0.88
T5. First Touch and Pass to Moving Target accuracy of hits (pts) 0.71 (0.29 — 0.87) 20.17 (222 — 1.87) 15.25 0.58 (0.49 — 0.74) 5.6
o . time (s) 0.77 (0.62 - 0.89) 20.02 (-0.34-0.29) 2.75 0.10 (0.09 —0.13) 136
LS LIS e accuracy of hits (pts) 0.81 (0.60 — 0.91) 20.89 (-4.70 — 2.93) 11.93 1.02 (1.02 — 1.54) 5.97
T7. Cognitive Passing to the Moving Target time (s) 0.81 (0.59 —0.91) -0.01 (-0.30-0.27) 3.71 0.11 (0.09 — 0.14) 1.42
] . time (s) 0.84 (0.67-0.92) 20.04 (-0.43-0.35) 2.85 0.12(0.10-0.15) 1.49
ks (i Lsstg (o Gie Qe pnd accuracy of hits (pts) 0.83 (0.66 — 0.92) -0.16 (-1.27 — 0.95) 19.87 0.39 (0.32 — 0.49) 7.14
T9. Agility Test with Ball time (5) 0.87 (0.73— 0.94) 0.82 (:0.78—2.41) 3.14 0.66 (0.56 — 0.84) 162
T10. Agility Test time (s) 0.89 (0.36 — 0.96) 0.28 (:0.44— 1.01) 1.45 0.24 (0.20 — 0.30) 0.79

ICC — Intraclass Correlation Coefficient; CI — Confidence Interval; Mean diff. (lower—upper LoA) — Mean difference (lower—upper limits of agreement); CV — Coefficient of Variation; TE — Typical Error; SWC — Smallest
Worthwhile Change

Table 3. Descriptive data and repeated-measures ANOVA of test sessions 1. 2. and 3 within the interactive soccer technical tests.

A Outcome Day 1, Mean £ SD Day 2, Mean £ SD Day 3, Mean = SD ANOVA, p (F; np?)
time (s) 2.22+0.20 226017 226+0.19 0.653 (0.43; 0.01)
LSS OISO I 3 accuracy of hits (pts) 7.55+1.23 7.80 + 1.12 7.97+1.35 0.405 (0.91; 0.02)
) time (s) 276 0.24 2.79%0.19 283%0.18 0.319 (1.16; 0.03)
T2. Ground Pass to Moving Target accuracy of hits (pts) 638+ 1.38 6.65 + 1.36 6.84+ 135 0.417 (0.83: 0.02)
time (s) 409029 410+ 0.24 4.11%029 0.956 (0.05; 0.01)
LSRR, G e WO EaE] accuracy of hits (pis) 221+0.54 2.19+0.55 2274082 0.879 (0.13: 0.01)
T4 Precision Shooti time (s) 2.90%0.16 291013 287%0.12 0.503 (0.69; 0.02)
- recision Shooting accuracy of hits (pts) 6.42+ 1.44 6.59+ 1.46 6.77+ 1.73 0.662 (0.42; 0.01)
) . time (s) 276+0.13 275 0.12 2.69%0.10 0.052 (3.05; 0.06)
TS. First Touch and Pass to Moving Target 10y of hits (pts) 3.82+ 1.13 3.90 + 1.02 404+ 1.14 0.738 (0.31; 0.01)
- . time (s) 3.08+0.23 3142023 3132017 0.521 (0.66; 0.01)
T6. Cognitive Passing to the Target accuracy of hits (pts) 823 +2.77 8.89 +2.53 9.45 + 2.63 0.199 (1.64: 0.04)
T7. Cognitive Passing to the Moving Target time (s) 2.78 £0.20 2.82+£0.20 2.81+0.21 0.751 (0.38; 0.01)
- , time (s) 3.63%0.28 3.67%027 3.690.26 0.686 (0.29; 0.01)
T8. Cognitive Passing to the Overload accuracy of hits (pts) 2224073 233+0.77 2.44 +0.97 0.591 (0.53; 0.01)
T9. Agility Test with Ball time (s) 2151 = 1.48F 2099 % 1.75 2043 % 1.85 0.050 (3.1; 0.07)
T10. Agility Test time (s) 17.72 £ 0.70 17.52 £ 0.69 17.33 £ 0.69 0.099 (2.38; 0.05)
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The coefficient of variation (CV) in soccer-specific
skill tests varies with the players' skill levels. Ali et al.
(2007) found that professional players performed more
consistently on both the Loughborough Soccer Passing
Test (LSPT) and the Loughborough Soccer Shooting Test
(LSST) compared to non-professional players. For the
LSPT, professionals exhibited a CV of 4.7% for time taken
and 11.2% for performance time, while non-elite players
showed higher variability with CVs of 8.0% and 16.0%,
respectively. In the LSST, elite players also demonstrated
lower CVs across all metrics, indicating greater con-
sistency: 3.5% vs. 5.1% for time taken, 8.4% vs. 10.7% for
shot speed, and 49.4% vs. 57.8% for points per shot. This
underscores the influence of skill level on test reliability.
Similarly, Radman et al. (2016) reported a CV of 15.4%
for shooting accuracy, further illustrating the trend ob-
served in our study.

The analysis of the usefulness ensures that the tests
in the Skills.Lab Arena are not only reliable but also suffi-
ciently sensitive to detect even the smallest improvements
crucial for player development. The results suggest that all
tests demonstrate reliability for practical use, as the small-
est worthwhile change exceeded the typical error, indicat-
ing that the observed changes in performance are meaning-
ful and not due to measurement variability (Hopkins,
2004). Importantly, this enables practitioners working with
adolescent soccer players to determine whether training in-
terventions aimed at improving specific fitness parameters
are meaningful and not merely a product of measurement
error (Covié et al., 2016; McBurnie et al., 2019). In tech-
nologically advanced environments like the Skills.Lab
Arena, the combination of precise measurement tools and
advanced data analysis enables the accurate detection of
both technical skills and cognitive abilities under game-
like conditions. As a result, these tests are exceptionally
useful not only for talent identification, but also for the
continuous development of players (Koopmann et al.,
2020).

In our study, we observed minimal variability in test
results between sessions, with a slight overall trend toward
improved performance in subsequent measurements. How-
ever, a learning effect was confirmed in only one instance,
specifically in the agility test with the ball (T9), where sig-
nificant improvements were noted between the second and
third test days (Table 2). This indicates that participants
demonstrated notable performance increases from the sec-
ond to the third test day during this particular test. At this
stage of the research, it is difficult to determine whether the
observed improvement in the dribbling test is solely due to
a learning effect or if it also reflects an enhancement in mo-
tor skills related to agility maneuvers over the course of a
month (Altmann et al., 2022). Additionally, in Test 5, the
variability in results approached statistical significance.
Overall, the lack of significant learning effects for most pa-
rameters in the Skills.Lab Arena tests reinforces their ef-
fectiveness in accurately measuring soccer skills in young
players. The adaptive procedures applied before the test
sessions were well-designed and effectively minimized
learning biases.

Despite the noteworthy findings summarized above

our study had certain limitations. First, the sample size may
have been insufficient to generalize the results to broader
populations. In the Skills.lab Arena system, each age group
is provided with a specific set of tests tailored to their soc-
cer skills, with tasks varying in speed and technique. Re-
search has shown that an individual’s overall skill level is
strongly and positively correlated with age (Wilson et al.,
2016). Additionally, these tests are designed to appropri-
ately challenge players at their developmental stage. Sec-
ond, although the test assesses both soccer skills and cog-
nitive abilities, it treats them collectively. The test does not
allow for the differentiation of cognitive parameters; how-
ever, it does reflect the typical behavior of a player during
a game, which emphasizes its ecological validity. Third,
the study was conducted in a laboratory setting, which,
while providing control over test conditions, may have in-
fluenced the players' behavior compared to match situa-
tions on the field, where external factors such as crowd
pressure, weather conditions, or interactions with other
players come into play (Mann et al., 2007). Fourth, to en-
hance the scope of evaluation, future research should in-
clude the assessment of psychological variables, such as
stress levels or motivation, which may also affect test re-
sults (Janelle and Hillman, 2003). Finally, we acknowledge
the necessity for further research focused on validating the
proposed test battery. While validity is typically assessed
prior to reliability, the high intertrial variability inherent in
the integration of motor, technical, and cognitive compo-
nents required us to prioritize reliability as a foundation for
subsequent validation studies. Without reliable results, any
validity assessment would risk yielding inconsistent find-
ings, undermining the test’s applicability. Future studies
should focus on validating the test against soccer-specific
performance metrics, such as passing accuracy, tactical de-
cision-making, or match performance data, to ensure its
ecological relevance and practical utility.

Conclusion

The Skills.Lab Arena tests have proven to be a reliable
method for evaluating soccer skills in young players.
Moreover, the test battery has demonstrated sufficient sen-
sitivity in detecting differences in soccer ball control, pass-
ing, and shooting accuracy under time constraints in eco-
logically valid conditions. However, while the test pro-
vides reliable measurements, its validity requires further
investigation. Therefore, additional validation steps are
necessary before recommending its practical application.
Nonetheless, this interactive test battery holds significant
potential for future research and practical use, particularly
in player selection, profiling, and assessing the impact of
training interventions aimed at enhancing soccer perfor-
mance.
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Key points

e High Reliability of Soccer-Specific Tests: The Skills.Lab
Arena demonstrated good intersession reliability, with intra-
class correlation coefficients (ICC) ranging from 0.75 to
0.89 for time-based tasks and 0.71 to 0.91 for accuracy-
based tasks. This indicates that the system is a reliable tool
for measuring soccer-specific technical and motor-cognitive
performance in young players.

e Usefulness: The Skills.Lab Arena tests showed sensitivity
to performance improvements, with the smallest worthwhile
change (SWC) exceeding the typical error (TE) in most
tests. This ensures the system can effectively detect mean-
ingful performance changes in soccer skills, making it use-
ful for both training and player development.

e Minimal Learning Effects: The study found minimal learn-
ing effects across testing sessions, except in one agility test
with the ball, suggesting that the test battery is wellsuited
for repeated use without significant learning biases, further
supporting its reliability for player assessments
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on Goal — time (s). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S6. Bland—Altman plot illustrating agreement between two repeated measurements for T3: Power Shot on
Goal — accuracy of hits (pts). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S7. Bland—-Altman plot illustrating agreement between two repeated measurements for T4: Precision
Shooting — time (s) The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S8. Bland—-Altman plot illustrating agreement between two repeated measurements for T4: Precision
Shooting — accuracy of hits (pts). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S9. Bland—Altman plot illustrating agreement between two repeated measurements for TS: First Touch
and Pass to Moving Target — time (s). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S10. Bland—Altman plot illustrating agreement between two repeated measurements for T5: First Touch and
Pass to Moving Target — accuracy of hits (pts). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S11. Bland-Altman plot illustrating agreement between two repeated measurements for T6: Cognitive Passing

to the Target — time (s). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S12. Bland—Altman plot illustrating agreement between two repeated measurements for T6: Cognitive Passing
to the Target — accuracy of hits (pts). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S13. Bland—Altman plot illustrating agreement between two repeated measurements for T7: Cognitive Passing
to the Moving Target — time (s). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S14. Bland—Altman plot illustrating agreement between two repeated measurements for T8: Cognitive Passing
to the Overload — time (s). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S15. Bland—Altman plot illustrating agreement between two repeated measurements for T8: Cognitive Passing

to the Overload — accuracy of hits (pts). The plot shows the mean difference (bias) and 95% limits of agreement.
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Figure S16. Bland—-Altman plot illustrating agreement between two repeated measurements for T9: Agility Test with
Ball — time (s). The plot shows the mean difference (bias) and 95% limits of agreement.

Figure S17. Bland—Altman plot illustrating agreement between two repeated measurements for T10: Agility Test—
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