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Introduction

To accelerate the characteristics and
eventually benefit the chances of win-
ning sports games, coaches continu-
ously aim to improve, amongst other
things, their players’ tactical and tech-
nical skills. With this, today’s daily
practice and—more importantly—talent
identification and development require
sport-specific performance diagnostic
systems. Considered as a controlled
state-of-the-art performance diagnostic
system in football, the “Footbonaut”
(currently applied in leading training
centres of German Bundesliga clubs) has
been suggested to quantify physical and
mental components of agility that are
particularly suitable for talent identifica-
tion and development, including speed
of action and ball control (Saal, Zinner,
Biisch, Werner, & Uckert, 2013).

While speed of action is well accepted
to reliably demonstrate an efficient agility
and, thus, indicate high-performance
skill levels in football players (Saal et al.,
2013; Weineck, 2004), ball control and
passing accuracy that are performed
in accordance with a situational per-
ception are considered to be important
basic skills (Bisanz & Gerisch, 2008;
Hyballa & te Poel, 2015). Moreover,
previous research reported the majority
of goals to be scored after assistive pass-
ing (Michailidis, Michailidis, & Primpa,
2013; Olsen, 1986; Sajadi & Rahnama,
2007). In addition, winning teams com-
peting in elite football have been shown
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to successfully complete more passes
than losing teams (Rampinini, Impel-
lizzeri, Castagna, Coutts, & Wisleff,
2009). This is, however, different for
short passing performances in youth
players, which has been suggested to
result from physical (Rampinini et al,
2007) and possibly mental signs of fatigue
(e.g. intermittently induced psychologi-
cal stress during a game; Nédélec et al,,
2012; Walsh, 2014).

Resulting from physical and mental
strain, fatigue is described as a multi-
dimensional construct, which, well ac-
cepted, has recently been reported to
show negative effects on sports perfor-
mance (Knicker, Renshaw, Oldham, &
Cairns, 2011). Reversible signs of phys-
ical fatigue (Bangsbo, Madsen, Kiens, &
Richter, 1996; Fitts, 2006; Krustrup et al.,
2003; Westerblad, Allen, & Liannergren,
2002) have been discussed to occur tem-
porarily (Hohmann, Lames, & Letzelter,
2002; Noakes & Gibson, 2004; Schnabel,
2008) and particularly towards the end
of a sports performance (i.e. a game),
which is suggested to result from in-
termittent exposures to physical strain
(Krustrup et al., 2006; Mohr, Krustrup,
& Bangsbo, 2003). To induce in par-
ticular football-specific signs of physi-
cal fatigue, high-intensity training (HIT;
Bradley et al., 2009; Bradley, Di Mascio,
Peart, Olsen, & Sheldon, 2010) intervals
(e.g. on small-sided fields) are well ac-
cepted to increase heart rates (HR) or
lactate concentration (Selmi et al., 2017).
Further, there is evidence showing that
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4 x 4 HIT intervals intensify a physiolog-
ical activation, e.g. an even more acute
increase in HR (Wiewelhove et al., 2016).
More recently, reversible signs of mental
fatigue (Van Cutsem et al., 2017) have
been reported to result from prolonged
periods of cognitively demandingactivity
(Boksem & Tops, 2008; Marcora, Staiano,
& Manning, 2009), causing attentional
disturbances and refocussing in players
(Ackerman, 2011; Boksem, Meijman, &
Lorist, 2006). Recent research provides
evidence that different factors of foot-
ball performance have been negatively
affected subsequent to induced mental
strain (e.g. the Stroop task; Smith et al,,
2016a, b): Short passing accuracy as-
sessed by the Loughborough Soccer Pass-
ing Test (LSPT) was impaired, whereas
speed of action was not modulated in
14 experienced Belgian league football
players (divisions 2 to 7; Smith, Fransen,
Deprez, Lenoir, & Coutts, 2017). Fur-
ther, both offensive and defensive techni-
cal performances on small-sided football
fields were shown to decrease subsequent
to mental strain (Badin, Smith, Conte, &
Coutts, 2016). Krause, Kiarcher, Munz,
and Brack (2012) further underline the
importance of speed of action and ball
control for talent identification and de-
velopment and, thus, the need to control
and measure football-specific movement
learning and motor behaviour, in par-
ticular with respect to players entering
or being rejected from youth training
centres. Not least an ongiong global-
ization in talent identification as well as
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seemingly unlimited increasing transfer
fees for football professionals, this re-
sults in more and more professionally
acting youth training centres (e.g. con-
trolled performance diagnostics). Thus,
controlled Footbonaut speed of action as-
sessments that eventually allow for estab-
lishing age-related normed values have
been suggested to serve as one criterion
for a controlled performance diagnostic
in youth football (Saal & Fiedler, 2013).

However, induced physical and men-
tal signs of fatigue on performance di-
agnostics assessed by controlled state-
of-the-art systems (i.e. the Footbonaut)
remain to be elucidated and, thus, char-
acterize the purpose of this investigation,
particularly addressing football-specific
speed of action and ball control as cru-
cial talentidentification and development
variables in youth players. Based on pre-
vious research, it was hypothesized that
sport-specific physically and well-estab-
lished mentally demanding tasks (1) in-
duce physical and mental signs of fatigue,
e.g. increased heartratesand self-percep-
tions compared to a control condition.
Accordingly, (2) speed of action and ball
control performances were hypothesized
to be impaired by physical and mental
strainin U14to U16 youth players, taking
their classical positions on the football
fieldinto account (e.g. striker, midfielder,
defender, goalkeeper).

Methods

Participants

Thirty-three male youth football players
(13.5+1.0 years of age, 166.8+8.1cm
height, competitive level) volunteered
to participate in this study. Participants
competed at the highest regional or na-
tional youth level in their respective age
group (10.0+1.4 years of experience)
and attended grammar school (“Gym-
nasium” , n=20), comprehensive school
(“Gesamtschule’, n=4) or secondary
modern school (“Realschule”, n=9) for
higher school education. Prior to the
investigation, all participants and theirle-
gal guardians provided written informed
consent. Conducted at the TSG 1899
Hoffenheim training centre, the study
was approved by the Human Research

Ethics Committee of the German Sport
University Cologne in compliance with
the Declaration of Helsinki.

Experimental procedure

Each participant underwent familiariza-
tion in the Footbonaut (i.e. performing
one practice pattern, 20 balls randomly
drawn at 50km/h) approximately one
hour prior to starting the experiment.
Participants were randomly assigned
into three matched groups: physically
demanding tasks (PDT), mentally de-
manding tasks (MDT) and a control
condition (CON). To exclude a potential
detrimental effect on short passing ability
and a fatigue-related decline in technical
proficiency relative to endurance capac-
ities, group matchings took endurance
performances into account (Castagna,
Impellizzeri, Rampinini, D'Ottavio, &
Manzi, 2008; Rampinini et al., 2008;
Yo-Yo intermittent recovery test level 1
assessed one week prior to the experi-
ment: PDT with mean running distance
[RD] 934.6+249.3 m at mean maxi-
mum heart rates [HR] 206.3+ 6.7 bpm;
MDT with mean RD 930.9+273.1 m at
mean maximum HR 202.2+7.2 bpm;
CON with mean RD 1106.7 £272.3 m at
mean maximum HR 202.0+4.2 bpm).
In the experiment, each participant
underwent a standardized warm-up
subsequent to a Footbonaut baseline
measurement (Footbonaut-1; details on
the Footbonaut are provided below), the
assigned intervention (PDT, MDT) or
CON, and a final Footbonaut measure-
ment (Footbonaut-2). Footbonaut-1 and
Footbonaut-2 consisted of 20 balls each,
randomly drawn at 50km/h at ground
level. Participants were instructed to
control and pass each ball as accurately
(goal-directed) and quickly as possible.
Heart rates were recorded immediately
after baseline, warm-up, Footbonaut-1,
interventions (PDT, MDT) or CON, and
Footbonaut-2, whereas self-perceptions
of fatigue were assessed immediately
prior to and after interventions (PDT,
MDT) and CON.
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Footbonaut

The Footbonaut is considered to be an in-
novative, state-of-the-art high-tech mea-
suring system for, at least applied, diag-
nostics and training in football, focusing
onagilityand passingaccuracy (Saaletal.,
2013). Main outcome parameters are
time of execution and passing precision,
referring to football-specific and ball-ori-
ented (re)action tasks. The Footbonaut
consists of a 14.0x 14.0 m play zone (ar-
tificial turf), which is surrounded by four
walls consisting of 72 high and low posi-
tioned square panels (1.40 x 1.40m), each
equipped with light barriers and light-
emitting diodes (LED). Two ball-throw-
ing machines (eight in total) are placed
behind the middle panel of each wall. The
remaining squares serve as targets. Stim-
uli are given visually (LEDs) and acousti-
cally (signal), pointing out the respective
ball-throwing machine (acoustic stimuli)
as well as the respective target panel (vi-
sual stimuli; @ Fig. 1).

With respect to and serving a lack
of evidence in Footbonaut research, the
present study intended to compensate for
reliability testing, according to its chal-
lenges (for details please refer to the sta-
tistical analyses and limitations).

Interventions and control
condition

Physically demanding task (PDT)

Participants of the PDT group underwent
a football-specific course. In the course,
participants were instructed to dribble,
pass, jump, sprint backwards and for-
wards as well as to handle a coordina-
tive speed ladder task. The total time
to complete the PDT was approximately
28 min, consisting of 4 intervals of 4 min
in the course with 3min of active re-
covery between intervals (i.e. jogging
at self-selected moderate pace). Partici-
pants were timed to start PDT with two
participants at a time in the course, in
order to meet time-matched entrances
of the Footbonaut-2 measurements and
to avoid recovery periods from physical
strain. Participants began the Footbo-
naut-2 measurement within 1min (i.e.
fast walking from the PDT course to
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physical and mental strain

Abstract

In today’s leading football training centres,
state-of-the-art performance diagnostic
systems such as the “Footbonaut” allow
controlled and standardized assessments of
physical and mental components of agility,
e.g. speed of action and ball control, that

are considered to be decisive for talent
identification and development. However,
effects of induced physical and mental strain
on performing football-specific practice
patterns remain to be elucidated, particularly
in youth players, and, thus, characterize

the purpose of this study. 33 randomly
assigned competitive football players (U14 to
U16) performed a standardized Footbonaut
practice pattern (i.e. 20 balls randomly drawn
at 50 km/h each), prior to and immediately
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after either mentally demanding tasks (MDT;
n=11; continuous Vienna Test System’s
Stroop task and determination test), physically
demanding tasks (PDT; n=11; consisted of

4 x 4min of football-specific high-intensity
intervals with 3 min of active recovery in
between) or a control condition (CON; n=11).
Continuous heart rates (HR) as well as self-
perceptions of fatigue were assessed. Main
findings revealed performances for speed

of action (p=0.44; f=0.01) and ball control
(p=0.15; f = 0.03) that were not modulated in
the face of induced physical and mental strain
as indicated by increased HR following PDT
(p<0.001;d> 0.8), or in the face of increased
self-perceptions of fatigue following PDT and
MDT (both p < 0.001; both d > 0.8) compared

Football practice with youth players in the “Footbonaut”. Speed of action and ball control in face of

to CON. This is in line with a suggested talent
factor and previous reports on motivational
trade-off aspects in youth players. However,
the present study’s short-timed practice
patterns make it difficult to reliably compare
a measuring sensitivity to complex football-
specific movement behavioural and technical
proficiencies with respect to mental and
physical strain of longer-lasting football
games and, thus, need further investigation in
favour of improving talent identification and
development using the Footbonaut.

Keywords
Coaching - Training - Soccer - Fatigue - Talent
development

Zusammenfassung

Heutzutage ermdglichen modernste
leistungsdiagnostische Systeme wie der
,Footbonaut” in fiihrenden FuBballtrainings-
zentren die kontrollierte und standardisierte
Beurteilung physischer und mentaler Kompo-
nenten der Wendigkeit und Aufgewecktheit,
z. B. Handlungsschnelligkeit und Ballkontrolle,
die als entscheidend fiir die Talenterkennung
und -entwicklung gelten. Jedoch bleiben die
Auswirkungen induzierter physischer und
mentaler Belastungen in der Umsetzung
fuBballspezifischer Ubungsformen unklar,
insbesondere bei Nachwuchsspielern. Dies
zu untersuchen ist das Ziel der vorliegenden
Studie. So fuhrten 33 zufallig zugewiesene
NachwuchsfuBballspieler (U14 bis U16)
standardisierte Footbonaut-Ubungsformen
aus (d. h,, 20 zufdllig ausgegebene Bille,
jeweils mit einer Geschwindigkeit von
50km/h), vor und direkt nach entweder
mental fordernden Aufgaben (n=11; ,mental

demanding tasks’, MDT; fortlaufender Stroop-
Test gemadl dem Wiener Testsystem), physisch
fordernden Aufgaben (n=11; ,physically
demanding tasks”, PDT; bestehend aus

4 x 4min fuBballspezifischen Intervallen
hoher Intensitat mit 3 min aktiver Erholung
dazwischen) oder einer Kontrollbedingung
(n=11; ,control condition, CON). Fortlaufend
wurden die Herzfrequenz (HF) sowie die
selbst wahrgenommene Beanspruchung
gemessen. Als zentrale Erkenntnisse zeigten
die Handlungsschnelligkeit (p=0,44;
f=0,01) und die Ballkontrolle (p=0,15;
f=0,03) keine Verdnderungen durch eine
induzierte physische oder mentale Belastung,
welche sich in einer erhéhten HF nach PDT
(p<0,001; d>0,8) oder einer erhdhten
selbst wahrgenommenen Beanspruchung
nach PDT und MDT (beide p < 0,001; beide
d>0,8) verglichen mit CON ausdriickte. Dies
ist in Einklang mit einem naheliegenden

FuBballtraining mit Nachwuchsspielern im ,Footbonaut”. Handlungsschnelligkeit und Ballkontrolle
unter physischer und mentaler Beanspruchung

Talentfaktor und vorangegangenen Berichten
zu motivationalen Wechselwirkungsaspekten
bei Nachwuchsspielern. Allerdings erschweren
die zeitlich kurzen Ubungsformen der
vorliegenden Studie einen verldsslichen
Vergleich hinsichtlich der Messsensitivitat

fiir verhaltensbezogene und technische
Leistungen bei komplexen fuBballspezifischen
Bewegungen in Bezug auf mentale und
physische Beanspruchungen in ldnger
dauernden Fuf3ballspielen. Somit werden
weitere Untersuchungen zugunsten einer
Verbesserung der Talenterkennung und
-entwicklung unter Verwendung des
Footbonaut benétigt.

Schliisselworter
Coaching - Training - FuBball - Erschépfung -
Talententwicklung

the Footbonaut) after having finished the
PDT intervention.

Heart rates (HR) were consistently
monitored and recorded after each in-
terval. Monitoring HR served as a con-
trol to target 90 to 95% of the maximum
HR (HRmax) in accordance with previ-
ously measured HR during the Yo-Yo

intermittent recovery test. If necessary,
participants were verbally encouraged to
meet the targeted HR prior to finishing
the final course interval.

Mentally demanding task (MDT)
Participants of the MDT group were
asked to complete a 10-min incongru-
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ent Stroop colour-word task that was
immediately followed by a 10-min deter-
mination test (i.e. S2 version; Neuwirth,
& Benesch, 2006).
completed using the Vienna Test System
(Schuhfried GmbH, Moedling, Austria).
Further, a competitive environment was
created, to increase motivation, whereby

Both tasks were
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50 km/h

14.0m

Fig. 1 A Schematicview of the Footbonaut with ball-throwing machines (dark grey squares).Each ball
was drawn at 50 km/h at ground level subsequent to a beep sound indicating the balls’ origin (sound
icon). Participants (black character) had to control and pass each ball (white arrows indicate directions)
toa lit target (grid square with lighting icon) as accurately and quickly as possible

participants were challenged to reach
higher scores than the other players of
the MDT group. Recently, the Stroop
task has successfully been used to induce
mental fatigue in similar studies (Badin
et al,, 2016; Smith et al., 2016a, 2016b,
2017). To prevent participants from
being distracted (e.g. practicability in
youth players), a shorter duration was
chosen and the determination test that
had previously been reported to assess
stress tolerance causing signs of men-
tal fatigue was added (Hao Ong, 2015;
Ishaque, Shamseer, Bukutu, & Vohra,
2012; Olsson, Scheele, & Panossian,
2009).

Control condition (CON)

Participants of the CON group were
asked to relax in a separate room, where
they were instructed to watch non-arous-
ing football highlights on television, read
from magazines or talk to other partic-
ipants, but not being physically active
or being aware of unusual and arousing
mental tasks.

Measurements

Heart rate (HR)

Portable standard heart rate monitors
(Polar Electro Oy, Finland) were worn
throughout the whole study to continu-
ously record heart rates. Peak (baseline,
warm-up, Footbonaut-1, Footbonaut-2)

and averaged (PDT, MDT, CON) values
were exported for statistical analysis.

Self-perception of fatigue

Visual analogue scales (VAS) were used
to assess the participants’ self-perception
of fatigue. Participants were asked to
mark self-perception on a 10-cm line,
anchored from “not at all” to “totally”
fatigued (Badin et al., 2016; Salam, Mar-
cora, & Hopker, 2018; Smith etal., 2016a;
Smith et al., 2016b; Smith et al., 2017),
before and immediately after interven-
tions (PDT, MDT) or CON. Accordingly,
percentaged values were exported for sta-
tistical analysis.

Speed of action

Speed of action (seconds) was measured
using standardized Footbonaut algo-
rithms, referring to light barriers in the
panels of the ball-throwing machines
(start timing) and the target panels (stop
timing). Speed of action was computed
as

Speed of action =
(toann(1) + toali(2) + - - - toati(n) )/ (n) balls

Computed individual values served
for statistical analysis.

Ball control
Ball control (percentaged passing accu-
racy) was measured using standardized
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Footbonaut algorithms, referring to a ra-
tio between balls passed correctly (i.e.
hit the target) and balls played (i.e. total
number). The score for ball control was
computed as

Score = Correct passes,, /

Total passes,,)

Computed individual values served
for statistical analysis.

Statistical analyses

Statistical analyses were computed using
STATISTICA programme 7.1 (StatSoft,
Tulsa, USA).

Repeated measures analysis of vari-
ance (ANOVA) was computed to dis-
play interactions and main effects for
heart rates (bpm), self-perception of fa-
tigue (%), speed of action (secan)) and
ball control (scoregn)), each for factors
time (baseline, warm-up, Footbonaut-1,
intervention/control condition, Footbo-
naut-2), group (PDT, MDT, CON) and
position (striker, midfielder, defender,
goalkeeper), computing intervention-in-
duced effect sizes post-hoc (Cohen, 1977,
1988). Intending to test reliability of the
Footbonaut’sspeed ofactionandball con-
trol assessments, although Footbonaut-1
and Footbonaut-2 had to be performed
on the same day, coefficient of variance
(CV, %) and intraclass correlation coef-
ficient (ICC) were computed for CON.

Values for speed of action and ball con-
trol were applied to natural logarithm to
limit individual variances (Vogt, Abeln,
Striider, & Schneider, 2014). Data in the
figures are presented as mean with confi-
dence intervals (95% CI) and in the tables
as mean + standard deviation (SD). The
level of significance was set at p < 0.05.

Results

Physical and mental strain

Heart rate

The analysis for mean heart rates showed
a significant interaction between factors
time, group and position (Fa4, s4)=2.36,
p<0.01; f>0.4); main effects were signif-
icant for time (F4, s4)=757.44, p< 0.001;
f>0.4)and group (F(;,21)=42.23,p < 0.001;
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f>0.25), however, not for position
(Fis, 2n=1.42, p=0.26; f>0.4). Post-
hoc tests revealed consecutive increases
in heart rate that were halted subsequent
to the MDT intervention and CON
(B Fig. 2a).

Self-perception of fatigue

The analysis for a percentaged self-per-
ception of fatigue showed no interaction
between factors time, group and po-
sition (Fe, 21)=0.37, p=0.89; f>0.4);
main effects were significant for time
(Fa, 21=24.45, p<0.001; f>0.25) and
group (Fq, 21)=21.67, p<0.001; >0.1),
however, not for position (F, 21y=0.35,
p=0.79; f>0.25). Post-hoc tests on
a significant interaction between factors
time and group (F(2, 21)=37.12, p< 0.001;
f>0.4) revealed increases for a self-per-
ception of fatigue subsequent to the PDT
and MDT intervention, whereas this was
reversed subsequent to CON (@ Fig. 2b).

Footbonaut

High degrees of reliability were found for
speed of action (ICC 0.80 with CI from
0.24 to 0.95, Fro, 100=4.71, p<0.5; CV
4.61%) and ball control (ICC 0.70 with
CI from -0.21 to 0.921, F(o, 10)=3.13,
p<0.05; CV 2.53%) in CON.

Speed of action

The analysis for speed of action (B Table 1)
showed no interaction between factors
time, group and position (F, 21)=1.01,
p=0.44; f=0.01); the main effect was sig-
nificant for time (F(, 21y=6.55, p<0.05;
f>0.4), however, not for group (Fe, 21)=
0.17, p=0.85 f>0.4) and position
(Fe, 2= 1.51, p=0.24; f> 0.4).

Ball control

The analysis for ball control (@ Table 1)
showed no interaction between factors
time, group and position (F, 21)=1.10,
p=0.39; f=0.03); main effects were
not significant for time (Fq, 21)=2.25,
p=0.15; f>0.4), group (F@, 21)=0.13,
p=0.88; f>0.4) and position (F@a, 21y=
1.54, p=0.23; f>0.4).

Discussion

This study aimed to examine football-
specific speed of action and ball control
in U14 to U16 youth players, comparing
signs of mental and physical fatigue to
a control condition. The test was per-
formed according to standardized prac-
tice patterns of the Footbonaut as a state-
of-the-art performance diagnostic sys-
tem for talent identification and develop-
ment. Main findings revealed increased
HR following PDT compared to CON
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as well as increased self-perceptions of
fatigue following PDT and MDT com-
pared to CON; however, speed of action
and ball control performances were not
modulated by mental or physical strain.

According to our initial first hypoth-
esis of inducing signs of physical and
mental fatigue in youth football play-
ers, the prescribed interventions (PDT,
MDT) generated physical and mental
strain as expected. Compared to base-
line, the physiological activation (e.g. in-
crease in acute HR) following the present
study’s warm-up procedure (similar in-
creases in acute HR for PDT, MDT and
CON) and, more importantly, continuing
after PDT compared to MDT and CON, is
in line with previous research using foot-
ball-specific (small-sided football fields)
or 4x4 HIT intervals in youth football
players to increase, for example, acute
HR (Faude, Steffen, Kellmann, & Meyer,
2014; Selmietal., 2017; Wiewelhoveetal.,
2016). The decreased HR indicative of
a minor physiological activation follow-
ing MDT (and also CON) compared to
previous measurements (baseline, warm-
up procedure, Footbonaut-1) and, more
importantly, compared to PDT, supports
an inducing of the prescribed different
signs of fatigue in the present study (e.g.
physical, mental). This is underlined by
an increase in the self-perception of fa-
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Table1 Speed of action and ball control

Speed of action, (In)sec

Ball control, (In)score

n=33 pre mean 0.94+SD 0.08  pre mean 4.24+SD 0.21
post mean 0.91+SD0.12 post mean 4.28+SD 0.17
Intervention ~ CON (n=11) 0.96+0.08 4.20+0.21
0.94£0.11 420+0.18
MDT (n=11) 0.93+0.08 429+0.19
0.88+0.15 432+0.15
PDT (n=11) 0.92+0.08 4.25+0.24
0.91£0.11 433+0.14
Position Striker (n=4) 1.04+0.04 4.07+£0.25
0.95+0.07 413+0.15
Midfielder (n=16)  0.92+0.07 4.25+0.18
0.94+0.12 428+0.16
Defender (n=9) 0.94+0.07 4.29+0.27
0.88+0.15 433+0.18
Goalkeeper (n=4)  0.92+0.04 4.32+0.05
0.85+0.12 4.38+0.05

Interventions are labelled as control condition (CON), physically demanding task (PDT) and mentally

demanding task (MDT)

tigue following MDT but not CON de-
spite decreased HR indicative of a mi-
nor physiological activation and, thus,
physical strain following MDT and CON.
However, this indicates signs of mental
fatigue following MDT. MDT consisted
of the well-established Stroop task (Smith
et al.,, 2016a, b, 2017). In order to avoid
possible distraction and lack of attention,
a shorter version of the Stroop task was
used and, instead, aligned with an ad-
ditional determination test. The combi-
nation of this shortened Stroop task and
determination test has served to induce
mental strain and, thus, signs of mental
fatigue in youth football players.

Interestingly, neither physical nor
mental signs of fatigue modulated speed
of action or ball control performed in
accordance with standardized practice
patterns of the Footbonaut. Although
revealing a learning effect for speed of
action (participants performed in the
Footbonaut for the first time; ICC 0.80),
these findings contradict our leading
second hypothesis of impaired speed of
action and ball control following phys-
ical and mental strain in youth football
players (also with respect to their as-
signed classical positions on the football
field, e.g. striker, midfielder, defender,
goalkeeper).

Against plausible coaches’ argumenta-
tions and previous research reporting on
reduced sports performances as a result

of fatigue (Knicker et al., 2011), there is
evidence supporting the present study’s
findings on succeeding performances of
speed of action despite induced physical
and mental strain, in particular with re-
spect to young athletes and more specifi-
cally youth football players. For example,
Reilly, Williams, and Franks (2000b) dis-
cuss a talent factor that suggests more tal-
ent in youth football players to be accom-
panied with greater resistance against
fatigue due to greater technical skills.
Additionally, more talent has been as-
sociated with physical stamina (Reilly,
Bangsbo, & Franks, 2000a). With re-
spect to this, it seems reasonable that the
present study’s participants—who were
recruited from competitive youth football
level and, thus, may be considered as tal-
ented youth football players—succeeded
in their speed of action performances, at
least with respect to PDT. For speed of
action withrespectto MDT, environmen-
tal stimuli have been taken into account
(Smith etal., 2016b). Smith etal. (2016b)
suggest signs of mental fatigue that may
negatively affect football-specific speed of
action to result from possible restricted
abilities to classify environmental distrac-
tions, e.g. cheering or booing support-
ers that may add to a perceived mental
strain. Taking the present study’s Foot-
bonaut setup into account (shielded “ball
cage”), it seems reasonable that the par-
ticipating youth football players were less
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or even not at all distracted by environ-
mental stimuli. In fact, the Footbonaut
setup may be considered to allow for
a strict attention focus on the acoustic
and visual stimuli necessary in order to
perform at the participants’ best abili-
ties (e.g. speed of action), and this may
be irrespective of induced mental strain.
Moreover, motivation has been shown to
improve when performing in competitive
situations, resulting in improved perfor-
mances (Lazarus, 2000). Therefore, in-
dividually performing while knowingly
being measured and, thus, competing
with team mates may have served to
enhance motivational states. Following
this line of thought, it seems reasonable
that the Footbonaut, as a state-of-the-art
performance diagnostic system, gener-
ated additional motivation in the present
study’s youth football players that may
have helped to counteract the induced
mental strain and eventually succeed in
speed of action performances.

According to ball control perfor-
mances that were also not modulated
by induced physical or mental strain,
(2009) report that
physical strain may negatively affect
technical skills, thus, including ball con-
trol. However, this relates to the number
of intense actions within, mostly, later
parts of a football game (Rampinini et al.,
2009), rather than the present study’s
possibly intense but short-term Foot-
bonaut practice patterns (e.g. 20 balls).
Further, and similar to speed of action
performances, unaffected ball control
performances need to take motivational
aspects into consideration (Lazarus,
2000). With respect to possible trade-
offs (Smith et al., 2017), a negative effect
of induced mental strain in disfavour
of passing accuracy (e.g. ball control;
Smith et al., 2017) may have been coun-
teracted by the participants’ motivation
to eventually succeed in ball control per-
formances in the Footbonaut following
MDT.

However, in addition to a plausible
talent factor and motivational trade-off
aspects, todays missing—if not club-
internal confidential and, thus,
published—evidence from Footbonaut
research makes it difficult to exclude
a reasonable doubt on the Footbonaut

Rampinini et al.

un-



being a sensitive and therefore suitable
scientific measuring device itself (e.g.
learning effect, intensity, combination
effects), in particular with respect to
transferred signs of physical and men-
tal fatigue affecting football-specific
movement behavioural and technical
proficiencies (Badin et al., 2016; Bok-
sem et al., 2006; Smith et al., 2016a).
Moreover, and irrespective of a suc-
cessful application in leading training
centres of professional football clubs, the
present study’s findings on succeeding
performances for speed of action and
ball control resulting from short-timed
practice patterns in the Footbonaut (i.e.,
20 balls played compared to a 90- or
even 120-minute football game) need
to be considered carefully with respect
to previous reports on signs of fatigue
setting in towards the final stages of,
for example, football games (Rampinini
et al., 2009, 2008).

Limitations

We are well aware that the present study’s
findingsare subject tolimitations: despite
considerable familiarization of the partic-
ipants in the Footbonaut, it cannot be ex-
cluded that unfamiliar and rather short-
timed practice patterns (i.e. 20 balls
played) may have influenced the partic-
ipant’s performance and, thus, the Foot-
bonaut’s outcome for speed of action
and ball control. According to plausible
effects of motivation, additional assess-
ments on the participant’s motivational
state relative to Footbonaut performances
may need consideration for future re-
search, as well as better controlling for
possible effects on HR that may be caused
by excitement or unpredictability (e.g.
caused by an unfamiliar nature of the
Footbonaut’s signalling and drawing the
to-be-played balls). If reconcilable with
the respective procedures onsite (i.e. col-
laborating Bundesliga training centre),
time-consuming but valuable repeated
baseline measurements as well as addi-
tional parameters may also strengthen
the assessment of physical and mental
strain (e.g. cortisol level, lactate con-
centration). However, all measured pa-
rameters clearly indicated the precondi-
tioned interventionsand, thus, served the

practical approach of the present study.
Last but not least, despite robust, if not
profound (i.e. CV findings), as well as
reasonable reliability (i.e. ICC findings
in CON participants that had not been
subjected to interventions of physical or
mental strain), the intended compensa-
tion for reliability testing based on same-
day performances as well as the num-
ber of participants itself may limit the
present study’s findings. This, however,
faces the challenge of recruiting (more)
competitive youth football players to vol-
unteer in a scientific study that had to
run on a tightly synchronised schedule
in the pre-season and, at the same time,
does not interfere with daily (prioritised)
measuring procedures of a German Bun-
desliga club in its training centre.

Conclusion

In conclusion, the present study aimed to
examine football-specific speed of action
and ball control assessed in the Foot-
bonaut and performed by Ul4 to Ul6
youth players when exposed to signs of
mental and physical fatigue. In addi-
tion to a learning effect that likely results
from previously unfamiliar Footbonaut
practice patterns, speed of action and
ball control were generally not modu-
lated but succeeded despite the induced
mental and physical strain, which is in
line with a suggested talent factor (Reilly
et al., 2000b) as well as possible trade-
offsresulting from additionally generated
motivation (Smith et al.,, 2017). How-
ever, the present study’s succeeding per-
formances for speed of action and ball
control in U14 to U16 youth players need
to be considered carefully with respect to
their assessment using short-timed prac-
tice patterns, which thus makes it difficult
to reliably compare the potential sensitiv-
ity of the Footbonaut to 90- or even 120-
min football games, particularly accord-
ing to complex football-specific move-
ment behavioural and technical profi-
ciencies. Therefore, future research may
take the great variety of Footbonaut prac-
tice patterns into account to further and
eventually establish scientific evidence,
helping to improve talent identification
and development in youth and profes-
sional football.
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