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AbstrACt
Introduction Physical training may play a prominent 
role in the development of preadolescent brains, but 
it is yet to be determined what type of exercise may 
generate higher cognitive effects, and if concurrent 
mental engagement provides further efficacy. The 
aim of this study is to investigate motor and cognitive 
effects of a 9-week exercise intervention in children 
aged 6–10 years. Trainings include the automatisation 
of challenging coordination exercises with concurrent 
mental tasks (intervention group) and multisport exercises 
with and without mental tasks (two control groups). It is 
hypothesised that all groups gain motor and cognitive 
effects, but highest benefits are expected for the 
combination of automatised coordination exercises with 
mental tasks.
Methods and analysis Two elementary schools (∼500 
students) take part in the study. Data are generated 
by using the German Motor Performance Test 6–18 
(Deutscher Motorik-Test 6–18), TDS (Match 4 Point), d2-R 
test of attention and Kasel-Concentration-Task for Children 
Aged 3–8 Years; test-duration: 6–7 min. After pretesting 
in September 2017 and a 9-week training intervention, 
post-testing takes place in December 2017 and March 
2018 (long-term effects). Training interventions consist 
of coordination exercises with concurrent mental tasks 
(intervention group) and multimotor exercises with and 
without concurrent mental tasks (control groups). Shapiro-
Wilk test will be used to test for normal distribution and 
the Levene test for variance homogeneity. The appropriate 
multivariate statistical methods (multivariate analysis of 
variance or Kruskal-Wallis test) will be used for analysing 
differences among the groups and for comparing 
preintervention with postintervention performances.
Ethics and dissemination All procedures have been 
approved by the board for ethical questions in science 
of the University of Innsbruck. Findings will be published 
in 2018 in international journals and presented at 
conferences. Schools will be informed of key results.

IntroduCtIon
Expectations for children’s academic attain-
ments are rising, and school systems are 

constantly under scrutiny regarding their 
ability to provide a stimulating environment 
that promotes learning and the development 
of cognitive as well as motor skills. Research 
findings suggest that physical training may 
play a prominent role in supporting the devel-
opment of preadolescent brains.1–3 Several 
studies report that the chance of achieving 
better academic performances during child-
hood tends to rise with the level of physical 
fitness in children4–6 and vice versa, the prob-
ability of children receiving poorer school 
grades tends to rise when they perform low 
scores in fitness tests.7 Not only do analyses 
support evidence of positive effects of fitness 
levels on academic outcomes but also on a 
possible relationship on cognitive develop-
ment.8–11 Hence, poorer fitness in children 
may correlate with lower cognitive abilities12 
and children with better motor abilities may 
be associated with better cognitive perfor-
mances.13–17 Howie and Pate10 reviewed 32 
observational studies in children (from 2007 
to 2012) examining associations between 

strengths and limitations of this study

 ► Measuring of long-term effects 3 months after 
intervention phase.

 ► Training interventions represent school-related pro-
cesses and are adapted according to performance 
levels.

 ► Classes are instructed by briefed professional 
trainers.

 ► Short intervention duration (9 weeks, one 
50 min lesson/week/class).

 ► Unnoticed differences between selected schools 
may influence the outcome of the study as they rep-
resent the intervention group (school A) and control 
groups (school B).

 ►  Inhomogeneous group sizes.
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physical performance and academic achievements or 
cognitive functions. Thirty studies assessed positive rela-
tionships while only two found no correlations. Howie and 
Pate10 also reviewed experimental studies between 2007 
and 2012 (26 reviewed studies, 10 acute and 16 chronic 
training interventions; sample range 18–1820) and found 
that 24 physical activity-related studies reported posi-
tive outcomes on academic achievement (10 studies) or 
cognitive functions (14 studies); only two studies found 
no effects. Although correlations between exercising 
and cognitive developments are verifiable, incongruent 
results still exist. For example, Maher et al18 observed a 
positive relationship between higher academic achieve-
ments and longer sedentary time, indicating that seden-
tary behaviour may positively affect writing and numeracy 
skills.

Regarding the transfer of scientific findings into day to 
day life and the development of useful education sugges-
tions, training interventions offer a great possibility to 
learn more about the efficacy of specific motor exercises. 
So far, experimental research in preadolescent children 
mainly concentrates on acute and chronic cardiovascular 
and motor coordination training interventions and their 
effects on cognitive abilities (eg, attention, executive 
functions—intuition, working memory, reaction time). 
Studies examining the impact of aerobic exercise bouts 
in children (eg, treadmill walking) show increased atten-
tion abilities19 20 but also diverging outcomes on task 
performance (eg, no changes in task performance19 vs 
improvement of task performance,20 and no effects on 
working memory and reaction time19). A meta-analysis 
of de Greeff et al21 indicates that acute physical activity 
may have small to moderate impacts on attention while 
longer lasting physical interventions tend to offer positive 
effects on executive functions. For example, a chronic 
cardiovascular orientated intervention by Hillman et 
al22 revealed improved executive functions (inhibition 
control and cognitive flexibility, changes in neural indices 
of attention, processing speed and higher performance 
in executive control tasks), indicating that results may 
be due to dose–response benefits as the intervention 
group participated in 2 hours of aerobically demanding 
exercises and low organisational games each day for 9 
weeks. A comparable study in relation to dose–response 
benefits revealed similar evidence of improved executive 
functions and mathematical performance in overweight 
children after regular aerobic exercising for 3 months 
(20–40 min/day).23 Exercise frequency and intensity 
may be an influencing factor although in comparison, 
Tarp et al,24 who investigated on a 20-week multifaceted 
exercise intervention (60 min of physical activity during 
school time, 5–10 min of physical activity homework, a 
2-week focus on cycling) did not observe any significant 
cognitive differences between intervention and control 
group. Diamond and Ling25 argue that outcomes on 
cardiovascular interventions may be due to the fact that 
children at higher aerobic fitness levels generally seem to 
have better executive functions.25 Hillman and Biggan9 

also highlight that cardiorespiratory fitness appears to 
be linked to cognitive abilities and brain health. State-
ments which correspond with findings of Tsai et al,26 who 
discovered increased Brain Derived Neurotrophic Factor 
(BDNF) levels in higher-fit and lower-fit adults as well 
as responding effects (eg, reduced reaction times) after 
acute aerobic exercise but yet indicated that only high-
er-fit participants gained specific neuronal effects. Find-
ings of brain imaging studies emphasise the evidence 
that physically fit children show larger hippocampal 
volume and perform better on relational memory tasks 
than less-fit children27 28; higher fit children may also be 
associated with faster neuroelectrical responses linked to 
language skills.29 Referring to Diamond and Ling25 again, 
they argue that aerobic exercises without cognitive chal-
lenges produce minor to no effects in children’s executive 
functions and that largest outcomes may be delivered by 
interventions which include demanding cognitive tasks. 
De Greeff et al21 support this assumption and also indi-
cate that interventions focusing on cognitively engaging 
physical activity may produce larger benefits in executive 
functions in children. Ishihara et al30 suggest that game-
based activities (tennis) may be beneficial for developing 
executive functions in children—underlining the find-
ings of Pesce et al,31 who suspected cognitive engagement 
concurrent in team games to be responsible for higher 
effects in memory abilities (effects of playing team games 
for 1 hour compared with cardiovascular training and 
non-activity programmes). Schmidt et al32 researched 
along the same topic (comparing a high cardiovascular 
training intervention over a time span of 6 weeks (12 
lessons for 45 min) with the participation in team games 
which afforded high cognitive efforts; only the team 
games intervention showed increases in executive func-
tions: shifting performance; no effects in inhibition and 
updating).32 van der Niet et al33 analysed the effects of a 
chronic aerobic training intervention with cognitively 
engaging exercises (22 weeks, 30 min two times per week) 
in children. Compared with the control group, students 
of the intervention group gained enhanced executive 
skills in inhibition and verbal working memory.33 Similar 
results in executive functions were found in a study in 
children by Crova et al,34 who examined the effects of 
cognitive enhanced physical activity programmes (1-hour 
physical education class and two supplemental hours 
of skill-based tennis training for 21 weeks). Studies like 
these defend the assumption on the beneficial support 
of cognitive development in children through cognitive 
enhanced physical education. Hence, the question may 
be raised if training interventions focusing on coor-
dination exercises could be an effective way in gaining 
higher cognitive performance levels. Recent research in 
children indicates a positive relationship between gross 
motor skills35 and/or fine motor skills35 36 towards exec-
utive functions in children. Geertsen et al37 associated 
fine and gross motor skills in children with better perfor-
mance in cognitive domains like reaction time, sustained 
attention ability, spatial working memory, the ability to 
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learn paired associates and free-recall word memory. A 
study on effects of short bouts (10 min of training) of 
coordination exercises compared with standard phys-
ical education lessons showed a general enhancement 
of attentional performance in both groups but higher 
improvements after the coordination training.38 Other 
findings of an acute coordination training intervention 
(throwing and kicking balls on targets) in younger chil-
dren show small to moderate correlations between exec-
utive (accuracy, reaction time) and motor functions, but 
failed to reach a significant level.39 However, coordination 
skill related to chronic training interventions in children 
provide evidence of improved executive function abilities 
(cognitive flexibility and inhibitory control),40 faster reac-
tion times41–43 and higher response accuracy.43 Gallotta 
et al44 investigated on a 5-month training intervention 
(two lessons of physical activity per week) comparing 
coordination exercises, traditional physical education 
and a control group of children who did not take part in 
physical activity programmes. Both intervention groups 
improved significantly in attention ability but the group 
emphasising coordination training benefited the most.44 
Overall, Tomporowski et al45 offer a critical overview of 
different research approaches and summarise quantita-
tive (acute bouts and dose-related chronic interventions 
of aerobic exercises) and qualitative interventions (acute 
and chronic exercising with increased task complexity, 
mental engagement and challenging variations)—they 
hypothesise that mentally challenging tasks may lead to 
procedural and declarative skill development; therefore, 
higher impacts in children’s cognition and metacognition 
(problem-solving strategy development towards reaching 
specific goal performances) might be gained.45

In summary, several research studies in children report 
positive effects, not only of cardiovascular training but 
also of coordination training, on various cognitive func-
tions. Latest reviews support the hypothesis that phys-
ical activity with high cognitive loads may lead to higher 
improvements of cognition in children. Some researchers 
argue that aerobic exercises without cognitive challenges 
produce minor to no effects in children’s executive func-
tions and that largest outcomes may be delivered by 
interventions which include demanding cognitive tasks. 
In fact, dual-task training interventions show interesting 
impacts on motor skills (eg, gait performance, postural 
stability)46 47 and executive functions46 and possible addi-
tional activation of brain networks in adults.48 However, 
there is much more research needed to learn about the 
effects of exercising with concurrent mental tasks in chil-
dren. Also, training interventions with coordination tasks 
of diverging intensities and frequencies are necessary to 
deliver much-needed insight into influence opportunities 
on children’s brain and cognitive development. Another 
interesting hypothesis, which—to the best of our knowl-
edge—has not been directly examined in children so far, 
involves the role of automatisation of motor skills within 
coordination training interventions. The automatisation 
of complex movement tasks (eg, bimanual activities in 

music training) may stimulate sensorimotor integration, 
restructuring of neural architectures and interhemi-
spheric efficacy49 which are all foundational processes for 
intellectual progression. One might therefore hypothe-
sise that physical exercises that not only train coordinative 
motor skills, but specifically emphasise the automatisation 
of movement sequences through repetition, might also 
facilitate the development of specific cognitive functions. 
Research50 51 indicates that repetitive practice affects 
motor and/or cognitive performance positively.

The authors of the current study are particularly inter-
ested in the effects of exercise interventions on attention 
abilities in children, as these may generate important 
impacts on academic achievements.52 Selective attention 
implies the suppression of distracting surroundings and 
may be responsible for multiplying effects in learning 
abilities.53 Lan et al54 even claim that compared with exec-
utive functions (such as working memory and inhibitory 
control) attentional control can reliably predict achieve-
ments in language (eg, completing sentences, reading) 
and mathematical skills (eg, counting, calculating) in 
children. Although attention is perceived as lower-order 
cognitive process, Rusch et al55 recently indicated that 
selective attention might be a key mechanism for dealing 
with complex learning problems.

The purpose of the current study is to compare effects 
of the ‘Kort.X’ training programme—a complex coor-
dination training with concurrent mental tasks which 
specifically emphasises the automatisation of complex 
movement sequences—with a standard multiexercise 
programme currently educated in Austrian elementary 
schools. Researchers target children aged 6–10 years and 
plan a chronic training intervention for 9 weeks. The main 
hypothesis of this study is that children gain higher atten-
tion benefits from the automatisation of challenging coor-
dination exercises and simultaneously high engagement 
through mental tasks (group A) compared with standard 
physical education programmes without (control group 
B1) or with concurrent mental tasks (control group 
B2). It is estimated that the inclusion of mental tasks 
during standard school exercise programmes will gain 
supplementary attentional effects for control group B2, 
although results may not reach outcomes of the cogni-
tive intervention group (group A). Researchers presume 
that coordinative skills, like reaction time, balance ability 
or general agility may show some group differences since 
the exercises in group A emphasise the automatisation of 
challenging coordinative tasks.

MEthods And AnAlysIs
study design: sampling
This partly randomised, controlled study involves two 
elementary schools and their approximately 500 students 
in the age range of 6–10 years. Both schools (school A and 
school B) are situated in small-town areas in Tyrol, Austria 
within a distance of 4 km and were selected specifically due 
to their similarities in school size, student’s backgrounds, 
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school facilities and identical education curricula. In both 
schools, teachers were informed about the study aim and 
methods in a conference and presented with the possi-
bility to raise questions and eventual concerns during the 
presentation. There was unanimous approval to take part 
in the study and the consent to support the execution 
of test design and training intervention by coordinating 
time tables and guiding children was given by all involved.

One school (school A, n=285, 13 classes) was selected 
for the coordination-automatisation-mental exercises 
(Kort.X programme). The other school (school B, n=216, 
11 classes) was selected randomly as control groups. 
Specifically, two control groups were formed by drawing 
class numbers (by a blinded trainer) and assigning the 
classes into two groups: group B1 (seven classes) receives 
a 9-week training intervention with a multimotor exer-
cise (MME) programme but without an emphasis on 
automatisation of movement sequences. Group B2 (four 
classes, one class of each school grade) receives the MME 
training and concurrently train the exact same school-re-
lated mental tasks as group A (table 1). In both schools, 
teachers were informed about the study aim and methods 
in a conference and presented with the possibility to raise 
questions and eventual concerns during the presentation. 
There was unanimous approval to take part in the study, 
and the consent to support the execution of test design 
and training intervention by coordinating time tables and 
guiding children was given by all involved.

training/exercise intervention
Over a time of 10 weeks (9 weeks training plus 1 week 
autumn holidays), each school class receives a 50 min 
sports programme per week. A child must attend a 
minimum of eight lessons to get included in data analyses. 
Absences are protocolled by trainers and forwarded to 
researchers. To mimic school routines, interventions take 
place in the gym halls of the schools. Two female sport 
coaches, with similar education levels and years of expe-
rience of working with children age 6–10 years (sports 
instructor education with main emphasis on preadoles-
cent and adolescent training programmes) were selected 
to educate the training programmes. All training interven-
tion programmes (school-related mental tasks included) 
are predesigned and weekly adjusted to the performance 
levels of classes and the feedback of teachers and sport 
coaches. Same-grade classes within the test groups (A, B1 
and B2) receive the same exercises—content, intensity 
and duration are the same.

Intervention group (school A)
The coordination-automatisation-mental exercises that 
students in group A receive are based on a standardised 
training programme called ‘Kort.X’ (www. kortx. info) 
which consists of challenging coordination exercises 
and concurrent mental tasks. Specifically, the training 
programme builds up in three stages: activation (10 min), 
learning (25 min) and automatisation (10 min). The first 
10 min of each lesson are dominated by cardiovascular 
activities (playful running exercises) which aim to release 
excessive energy in children. During the second part of the 
sports programme, coaches introduce challenging coor-
dination exercises that focus on variations in orientation, 
rhythm, balance, differentiation, adaptive and combi-
nation abilities.56 By using lines of coordination hoops 
(12–15 hoops per line), children first learn sequences of 
footsteps. Once these step sequences are performed fast 
and without mistakes, sequences of the arms are supple-
mented which are performed in a different rhythm than 
step sequences. When children have learnt to control 
the combination of these two different rhythms in arms 
and legs, the control of finger movements follow, and the 
exercises will progress into further tasks (eg, variations 
between left-sided and right-sided limbs, forward/back-
ward/sideways movement, supplemental tasks depending 
on loop colours, acoustic or visual signals, partner exer-
cises and many more). Additionally, and concurrently to 
performing exercises in fluent movement, students are 
challenged with school-related mental tasks (eg, counting 
backwards; multiplication tables; spelling words and 
answering questions about geography, biology, nature 
and other school-related topics which are educated at that 
time). After the main coordination part which lasts for 
approximately 25 min, sport coaches choose two exer-
cise variations which will be automatised at the end of 
the lesson. For the last 10 min, every student receives five 
hoops, positions them in line and trains selected exercise 
variation along the following mode: exercise 1 is automa-
tised by doing six rounds of 30 s training interval followed 
each time by a 12 s break. Exercise 2 is automatised along 
the same mode. Sport coaches give signals when to train 
and when to rest. After this last automatisation part, the 
lesson ends.

Control groups (B1 and B2)
Control group B1 (seven classes) receives a training 
programme with MMEs that demand cardiovascular abil-
ities, strength, speed, flexibility and coordination skills. 
For warming up, children play games (catching games, 
ball games, running games) for about 10–15 min. For the 
main part, students are challenged with a mix of exercises 
from different sports like gymnastics, athletics, ball games 
or, for example, climbing. They learn skills like sprinting, 
jumping, throwing, climbing, catching, targeting or 
falling the right way without getting hurt. Every lesson 
will end with games or common exercises that offer 
possibilities of learning and adapting social skills and fair 
play. The second control group (B2) receives an MME 

Table 1 Training intervention (groups)

Groups
Coordination
- automatisation

Multimotor 
exercises

Mental 
tasks

School A (13 classes) x x

Control group (B1, 
seven classes)

x

Control group (B2, 
four classes)

x x
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programme and the same school-related mental tasks 
which are performed simultaneously during exercises 
for the same amount of time as the intervention group is 
training them.

data collection
The students of all groups receive anonymised numbers 
and take part in the same preintervention and postin-
tervention tests. The test design consists of the attention 
tests Kasel-Concentration-Task (KKA) for Children Aged 
3–8 Years (for first-grade and second-grade students); 
test duration: 6–7 min (KKA)57 and d2-R58 (for third-
grade and fourth-grade students), of a motor perfor-
mance test battery, the German Motor Performance Test 
6–18 (Deutscher Motorik-Test; DMT 6–18),59 and the 
TDS Match 4 Point test (Werthner Sport Consulting AG, 
Linz, Austria).60 A questionnaire to gain supplemental 
information about leisure time activities will be included 
for evaluating confounding external variables.

Cognitive tests
The Kasel-Concentration-Task for Children Aged 3–8 
Years; test duration: 6–7 min (KKA) evaluates short-time 
selective attention and concentration performance of 
children aged 3–8 years. Every participant receives a test 
sheet consisting of nine lines and a selection of six target 
symbols (hand, bell, clock, front side and back side of 
an envelope, book and bomb). There are 25 different 
symbols per line. Over a given time span of 10 s per test 
line (90 s overall), children must cross out one predefined 
target symbol (eg, the hand symbol). Reference data are 
available (t value and percentile values; n=5.314).61 The 
test is objective, and high validity and reliability have been 
demonstrated in the age group of 6–8 years (internal 
consistency (α=0.92 to 0.98), parallel test reliability 
(envelope backside/bell: α=0.95) and retest reliability 
α=0.88 to 0.91).61 The KKA is used to assess the first-grade 
and second-grade students who will be tested in a group 
setting of four to six students by a psychologist. Depen-
dent variables are the number of correct crossed-out 
symbols, the number of errors (errors of omission and 
commission) and percentage of errors made within all 
items processed.

The d2-R test58 is suitable for participants aged 9–60 
years. The test sheet consists of 14 test lines with 47 char-
acters in each line. Participants are required to scan each 
test line and cross out all occurrences of the letter ‘d’ with 
two dashes while ignoring other characters (20 s per line; 
4 min and 40 s over all). Reliability depends on the tested 
age group and ranges between α=0.89 and 0.95.62 Refer-
ence data are available (n=4.000), and validity is partially 
high.63 The d2-R test is used for all third-grade and fourth-
grade students in a group setting—a class is passing the 
test simultaneously overviewed by their teacher and the 
psychologist. Dependent variables in the d2-R test are 
the total number of items processed, total number of 
errors (errors of omission and errors of commission), 
percentage of errors made in relation to processed items 

and a total performance value of attention/concentra-
tion ability.

In pilot experiments, the two cognitive tests were 
pretested on an external group of children (aged 6–9 
years) to gain experience in administering the test and to 
get a first impression if the selected tests are appropriate. 
The d2-R test was a challenge for the children, but they 
had no problems understanding and fulfilling the task. 
However, the KKA (target symbol: backside of a letter) 
turned out to be too easy for the children (aged 6–8 years) 
with many achieving hit ratios of 100%. We concluded 
that the given timeline of 10 s per test line was too long. 
Thus, the young test takers finished early and were even 
waiting for the instruction to continue with next test lines. 
Hence, in our study, we also apply a modified KKA test 
with the ‘bell’ as target symbol and with a limited time 
span of 45 s overall. The reduced amount of time of 5 s 
per line created more time pressure and lower hit ratio 
results and therefore offered the possibility of improve-
ment for retesting. Hence, all first-grade and second-
grade students will perform the original KKA modus (90 s 
targeting the ‘backside of the letter’ symbol) and also the 
modified version with the limited time of 45 s targeting 
the ‘bell’ symbol.

Physical fitness assessment battery
Motor performance is assessed by the German Motor 
Performance Test 6–18 (DMT 6–18)59 which offers age- 
and gender-related Z-parameters of cardiovascular ability 
(6 min endurance run), sprint speed (20 m sprint), 
strength (sit-up, push-up, standing long jump), flexibility 
(stand and reach), agility/coordination (jumping side-
ways), balance (backwards balancing) and overall perfor-
mance. Test–retest reliability is high (α=0.82), and test 
results are objective and demonstrated a good validity.64

The 6 min run is used as a measure for aerobic endur-
ance. The children need to run as many rounds (distance 
of 54 m) as possible. For the first two rounds, a sport coach 
runs in front of the group in moderate speed—children 
are not allowed to overtake. After the first two rounds, 
the sport coach drops out and children can choose their 
own speed. When they get tired, they are allowed to walk 
but cannot stop. The sport coach watches the group, 
crosses out the rounds each child passes and, in the end, 
sums up the running distance for each participant. The 
dependent variable is the distance one can run in metres 
(number of rounds times 54 m plus rest distance).

The 20 m sprint is measured by an electronic device 
from Microgate (Witty System; Microgate Srl, Bolzano, 
Italy). Participants start half a metre behind the first 
measuring device and sprint as fast as possible to the end 
of the gym hall. After 20 m, a second device measures the 
time taken for 20 m. The faster time out of two sprints is 
used as the dependent variable.

Strength is measured in three different categories: 
Push-ups are used to assess upper body strength. Students 
start in resting position and are laying on a mat face 
down, both hands placed at their back. The exercise starts 
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with the placement of the hands under the shoulders, 
followed by a push up in plank position (without bending 
the knees), then touching one hand on top of the 
second hand, again placing both hands under the shoul-
ders and returning to resting position under control. 
Each push-up is finished when both hands touch the back 
again. A trainer shows the correct execution, and students 
perform at least two correct trials before performing the 
test. The test starts with a countdown (3-2-1 start) and 
lasts for 40 s. The amount of correct repetitions is used as 
dependent variable.

Sit-ups serve as a measure of core strength. The trainers 
show the correct execution of the sit-up: resting position 
on the mat, both hands beside the head (thumbs are 
placed under the ear, fingers above the ear), legs are bent 
in a 90° angle and one person is holding on to the legs 
so that they cannot lift from the mat. Starting in resting 
position, children must lift up and touch their knees with 
their elbows. The repetition is finished when the whole 
back (shoulder blades) touch the mat again. Children 
must do at least two correct repetitions. The test starts 
with the children in resting position and a countdown 
(3-2-1 start). The trainer counts the number of correct 
repetitions over a time span of 40 s.

The standing long jump task measures leg strength. 
The trainer shows how to execute the jump correctly and 
tells the children to jump as far as possible using both 
feet. The better (wider) jump out of two is used as depen-
dent variable.

Flexibility is measured with the stand-and-reach test; 
children stand on a gymnastic bank and bend forward 
over an upright plank with measurements. The distance 
the fingertips reach above (−cm) or past the toes (+cm) is 
used as dependent variable. The better reach out of two 
tests is used.

Jumping sideways with both feet is a test that is used 
to determine coordination under time pressure. The aim 
is to jump sideways as quickly as possible for 15 s (best 
of two trials with a resting period of at least 1 min). The 
jumps must be performed on a squared mat (100×50 cm) 
with a wooden beam (2 cm high and 2 cm wide) in the 
middle. The relevant parameter for this test is the average 
number of jumps performed in the two test rounds.

The balancing test assesses coordination under preci-
sion constraint: participants are instructed to balance 
backwards on a 6 cm, 4.5 cm and 3 cm wide and 3 m long 
beam without touching the ground. The children have 
two trials per beam with the number of steps balanced 
on each beam added (maximum of 8 steps per trial, 
maximum score for the complete test is 48 steps).

TDS Match 4 Point
The TDS Match 4 Point test (Werthner Sport Consulting 
AG, Linz, Austria)60 is used to assess the transfer from 
optical stimulus to complex motor reaction abilities. The 
test consists of 24 different patterns displays (1–4 black 
points shown in four different squares on a monitor; the 
squares equal pressure plates for the left and right hand 

and left and right foot). The task is to transfer the shown 
pattern to the plates which are placed on a table (hands) 
and on the floor (feet) in front of the subjects. The 
constellation of shown points must be triggered simul-
taneously, otherwise the movement has to be repeated. 
The test is explained in detail and students observe a test 
trial during which questions may be raised. Then each 
child completes two test series (one trial and one test) 
with a minimum of 3 min relaxing time in-between. The 
reaction times between each stimulus and execution are 
added up for the test result (sum of reaction times).

Questionnaire
A questionnaire for evaluating confounding external vari-
ables (eg, regular attendance in sport, dance and music 
classes during leisure time; amount of time doing sports 
with families and friends, watching TV or playing digital 
games and reading books) will be included.

Pretest and post-test testing procedures
Physical assessment tests will be conducted in the gym 
halls of the schools. Briefed sport coaches oversee the 
same test station during pre- and post-testing in both 
schools (no change in taking measurements). Classes 
are divided into groups of three to maximum five chil-
dren who pass five test stations in a circle rundown: first 
station: TDS reaction test; second station: side-jumps, 
standing long jump, sprint and flexibility; third station: 
balancing backwards; fourth station: sit-up and push-up; 
fifth station: 6 min endurance run. The order of the test 
stations will be the same for pretesting and post-testing. 
Per  test station, each group has a time of 20 min to pass 
the tests. Thus, all physical tests are performed within 
1½–2 hours per class (maximum of 24 students).

The d2-R test will take place in class rooms. For the 
KKA, groups of up to six students will be taken out of class 
and will perform the test in a quiet seminar room situated 
in the school building. All cognitive tests are observed by 
a psychologist.

The questionnaire for evaluating confounding external 
variables will be conducted after motor and cognitive tests 
have been completed. Each child will be interviewed indi-
vidually by a trainer.

dAtA AnAlysIs
Dependent variables of this data collection are: (1) number 
of crossed out symbols, number of errors (number of ambi-
guity and mix-up errors), overall performance (KKA and 
d2-R); (2) running distance (metres, 6 min run), sprint 
time (seconds, 20 m sprint), number of repetitions (sit-ups, 
push-ups, jumping sideways), jumping distance (cm, long 
jump), reaching distance (cm, stand and reach) and number 
of steps (balance); (3) reaction time (seconds, TDS Match 4 
Point test). The test group is the main independent variable 
(levels: intervention group A, and the two control groups 
B1 and B2). The children’s demographic data (age, male/
female, body height) and confounding external variables 
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represent additional independent variables or potential 
covariates. All data are collected in Excel files, transferred 
to SPSS data files and analysed using SPSS Statistic V.22.0. 
Descriptive statistics (figure 1) are performed on motor 
performance data plus attention and reaction test data of 
all three groups (A, B1 and B2; age; male/female).

Shapiro-Wilk test and graphs (histograms and Q-Q plots) 
will be used to test the assumption of normal distribution, 
and the Levene test will be used to evaluate homogeneity 
of variances in the three different trainings groups. If data-
sets are normally distributed and meet the assumption of 
variance homogeneity, a multivariate analysis of variance 
will be conducted to assess statistical differences between 
groups and partial eta square (η2) will be calculated as 
an estimate of effect size. Bonferroni-corrected post hoc 
comparisons will be used to determine differences among 
the groups. Effect sizes are calculated through Cohen’s f 
with values of 0.10 interpreted as small, 0.25 as medium 
and 0.40 as large effects. Should the dependent variables 
exhibit non-normal distributions, the non-parametric 
Kruskal-Wallis test will be performed. For post hoc testing 
a Bonferroni correction will be applied and Cohen’s 
r calculated to characterise the effect sizes (0.10 small 
effect, 0.30 medium effect and 0.50 strong effect). For all 
analyses, the significance level will be set at p<0.05.

discussion of the main limitations of the current study design
Probably, the most important limitations of the current 
study design are (1) the short duration (9 weeks) and 
low frequency (only one 50 min lesson per week) of the 
intervention; (2) the decision to assign school A as inter-
vention group and school B for control groups (B1 and 
B2); thus, it cannot be excluded that differences between 
the schools might influence the outcome of the study; (3) 

unequal sample sizes in the groups. Some of the reasons 
for adopting the current study design are discussed in the 
following paragraphs.

Longer training periods and frequencies are more 
likely to result in higher training effects, however, 
several external boundary conditions limit the interven-
tion period and frequency. One main limiting factor is 
Austrian school holidays which last from 1 to 9 weeks 
and appear regularly throughout the year. Choosing the 
period from school start (September) to the beginning 
of Christmas holidays (December) offered the longest 
period available for testing and training interventions 
(including only 1 week’s interruption of autumn holi-
days). A different/longer intervention period would 
have implicated many further confounders, for example, 
sport activities during holidays, seasonal activity school 
projects (skiing and swimming courses), limited funding 
availability for trainers, potential declining interest or 
motivation in the involved teachers and organisers. The 
chosen period seemed to offer the best compromise for 
researchers and school authorities. Furthermore, school 
boards insisted on implementing intervention trainings 
during regular physical education classes, not as extracur-
ricular activities. They permitted to use one lesson per 
week for study interventions, while the rest of the phys-
ical education curriculum must be taught by the regular 
teachers.

The decision to assign school A as intervention group 
and school B for the control groups (B1 and B2) also 
resulted from discussions during school board meetings. 
One concern was ‘cross-talk’ effects (children of the inter-
vention group showing friends in the control groups some 
of the intervention exercises). Another concern brought 

Figure 1 Methods of data analysis. MANOVA, multivariate analysis of variance.
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forward by the headmasters was to avoid competitiveness 
between teachers and classes. They asked for one training 
programme within their school and both school boards 
concurred with this decision which resulted in inhomo-
geneous group sizes. Nevertheless, the sample size in all 
groups will be large enough to statistically detect effects 
even if their effect sizes are small.

Patient and public involvement
No patients are involved in this current study. Two public 
schools with 500 pupils take part in testing and training 
interventions and 40 teachers support the realisation of 
planed study steps. School board meetings are used to 
discuss research questions and to develop a study design 
that meets school regulations and pupils’ needs—the 
researchers use adequate and established methods and 
will implement measures as regular school curriculum 
lessons. Constant communication between school boards, 
researchers and trainers will assure further adaptive 
processes. The outcome of this study will be presented 
in school board meetings. Headmasters and teachers 
will receive a report of study results and will forward it to 
interested parents and others involved.

EthICs And dIssEMInAtIon
The school boards, headmasters, teachers and parents 
of both participating schools have been informed of the 
study procedures and have consented to performing the 
study. Participation is voluntary, and children or their 
parents can decide to drop out at any time.

The findings of the study will be submitted in 2018 
to international journals and presented at national and 
international conferences. The schools will be informed 
of key findings and will receive a summary report.

tIMElInEs
The collection of data started with pretesting at the end 
of September 2017. The intervention period includes 
October–December  2017 (9-week intervention plus 
1 week of school holidays). The postintervention testing 
will start in December 2017 directly after the intervention 
phase and retention testing will take place in March 2018 
to investigate in effects three months after the interven-
tion phase. Data analysis is planned for January–April 
2018. The main outcomes will be presented to the schools 
before their summer vacation time.
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