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Vorwort

Die Untersuchung von Persönlichkeitsmerkmalen wie der Intelligenz und der Motorik sowie 
die Analyse deren Zusammenhänge ist ein zentraler Bestandteil der sozialwissenschaftlichen  
Forschung. Auch in der Sportwissenschaft wird häufig ein positiver Zusammenhang von kogni-
tiven und motorischen Merkmalen angenommen. Schon in den 70er Jahren warb der Deutsche 
Sportbund mit dem Slogan „Ein Schlauer trimmt die Ausdauer“ und im Jahre 2008 formulierte  
Dr. Ralf Reinhardt „Laufen macht schlau“ als zentrale These seiner Dissertation.
Viele Fragen sind bislang allerdings offen: Gibt es generelle Zusammenhänge zwischen Kogni-
tion und Motorik oder eher sehr spezifische Beziehungen, beispielsweise zwischen exekutiven 
Funktionen und aerober Ausdauerleistungsfähigkeit? Zeigen sich diese Beziehungen unabhängig 
von Alter und Leistungsniveau oder gibt es alters- und niveauspezifische Aspekte? Sind Ver-
haltenstests ein adäquater Zugang zu diesen Forschungsfragen oder sollte man konstruktnäher 
bei den (neuro)physiologischen Korrelaten ansetzen? Mit diesen Fragen befasst sich Frau Krell-
Rösch in Ihrer Dissertation, die unter unserer Betreuung am KIT erstellt wurde.
Die Dissertation entstand in  interdisziplinärer Zusammenarbeit zwischen dem Institut für Sport 
und Sportwissenschaft am KIT, dem Cognitive Systems Lab (CSL) am KIT unter der Leitung 
von Frau Prof. Dr. Tanja Schultz sowie dem Zentrum für Weltraummedizin der Charité in Berlin  
unter der Federführung von Dr. Alexander Stahn. Im vorliegenden Buch werden Interdisziplina-
rität und Komplexität der Arbeit sehr gut deutlich.

Die Ergebnisse passen insgesamt zu dem aktuellen Forschungsstand. Frau Krell-Rösch findet 
ebenfalls signifikante Beziehungen zwischen Aktivität, Fitness und Kognition; die Effektstär-
ken sind jedoch durchweg relativ gering. Am stärksten sind die Zusammenhänge zwischen der  
„globalen“ körperlich-sportlichen Aktivität und den exekutiven Funktionen. 
In jedem Fall scheint es so, dass in selektiven Gruppen mit hohem kognitiven und motorischem 
Leistungsniveau, wie in der vorliegenden Studie mit Studierenden, nicht mit ähnlich großen 
Wechselbeziehungen zwischen kognitiven und motorischen Leistungsmerkmalen gerechnet  
werden kann wie dies bei Kindern, Senioren oder bei Personen mit eingeschränkter Leistungs-
fähigkeit der Fall ist. Die querschnittliche Studie lässt auch die Frage offen, ob es Interventions-
effekte und kausale Beziehungen zwischen Motorik und Kognition gibt.
Es wird also weiterer, insbesondere experimenteller und längsschnittlicher Studien bedürfen, 
um zentrale Fragen zu den Wechselbeziehungen von kognitiven und motorischen Merkmalen 
zu beantworten. Die Arbeit von Frau Krell-Rösch ist ein gut gelungenes Beispiel für eine breit 
angelegte und fundierte Herangehensweise zu diesem komplexen Forschungsfeld. 

Klaus Bös & Alexander Woll, Karlsruher Institut für Technologie (KIT)





 

 

 

  
  
  
 

  
  
  
  
 

  
  
  
 

 
  
  
 

 

 

 



 

  
  
  
 

 

  
  
 

  
  

  
  
  

 

  
  

  
  

  
  
  

  
  
  
  

  
  
  

  
  
  
  
  

 

  
  

 



  
  

  
  
  
  

  
  
  
  
  
  

  
  

 
  

  
  
  

 

 

 

 

 

 
 
 

 





































Theoretical Foundations and Background 13 
 

 
Pontifex & Castelli, 2009, p. 114). A detailed description of several executive function definitions 
and concepts is provided by Jurado and Rosselli (2007). In conclusion, executive functions can be 
seen as complex higher-level cognitive functions with great importance for human adaptive behav-
ior which involve the top-down control of abilities such as planning, initiation, preservation, and 
alteration of goal-directed behavior (Alvarez & Emory, 2006, p. 17 f.; Jurado & Rosselli, 2007, p. 
213 f.). Executive functions typically develop during childhood, peak during young adulthood, are 
largely maintained among middle-aged adults and decline in old age (Craik & Bialystok, 2006; 
Zelazo, Craik & Booth, 2004). This course across the lifespan is mainly influenced by cortical mat-
uration since the frontal lobes are among the last areas to mature in children and among the first 
which are impaired in older adults (Craik & Bialystok, 2006, p. 134). Environmental factors and 
learning experiences also play an important role and have the greatest influence on cognition in 
childhood and late adulthood (Craik & Bialystok, 2006, p. 134). The first executive function which 
emerges during the first year of childhood is inhibition as one part of attentional control. Planning 
and set shifting have shown to develop starting at an age of three years, whereas verbal fluency is 
the last skill which improves mainly by the age of 8 to 12 (Jurado & Rosselli, 2007, p. 221 f.). 
However, Hughes and Graham (2002) described several difficulties in assessing executive functions 
in children such as limited language ability that could lead to biased results in those studies (Jurado 
& Rosselli, 2007, p. 221). Another problem is that development and decline of executive functions 
are two distinct processes. Thus it is questionable as to which extent task performances of children 
and older adults can be compared since children may have an advantage over seniors regarding 
speed of response but a disadvantage regarding response accuracy (Jurado & Rosselli, 2007, p. 
226).   
The following subchapters provide an overview of brain structures related to executive functions as 
well as cognitive tasks and event-related brain potentials as possible assessment methods. 

2.3.1 Brain Structures related to Executive Functions 

The cerebrum is the largest part of the brain and is split into the left and the right hemisphere (Bear, 
Connors & Paradiso, 2007, p. 171). The cerebral cortex is the outer layer of the cerebrum and is 
often referred to as “gray matter”. It consists of large sheets of layered neurons as well as blood 
vessels (Gazzaniga et al., 2009, p. 67). Its surface is divided into the frontal, parietal, temporal and 
occipital lobe (Bear et al., 2007, p. 209; see figure 2).  
 
 
 

 

Figure 2: Cerebral Lobes (Bear, Connors & Paradiso, 2007, p. 209) 
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or to each test, the device was calibrated according to the manufacturer's recommendations. VO2max 
was determined by the software Metasoft® (Cortex Biophysik GmbH, Germany) marking the high-
est VO2 peak during the test. Blood lactate was collected from the right earlobe before the begin-
ning of the test (baseline measure) and every two minutes (with increment of watts after each stage) 
until the end of the test. To document recovery phase, blood lactate and heart rate were obtained 
one and three minutes after the end of the test at a reduced workload of 50 watts. Blood lactate val-
ues were analyzed using the Biosen® C-Line Sport device (EKF-diagnostic GmbH, Germany) and 
the Ergonizer® software for performance diagnostics in sports medicine and exercise physiology to 
predict the individual anaerobic threshold (Ergonizer Software, Freiburg, Germany; 
www.ergonizer.de). Heart rate was continuously recorded during the test using a heart rate monitor 
(Polar® RS 800; Polar Electro Oy, Finland).        
 
 

 

Figure 4:  Male participant during spiroergometric and blood lactate testing on a cycle ergometer 

Further, all participants performed an isometric and a dynamic lower limb strength test after a five 
minutes warm-up phase with a speed of 5 km/h on a treadmill. For the isometric condition, the par-
ticipants were positioned on an instrumented leg press equipped with two separated force plates 
(self-construction, BioMotion Center, Karlsruhe Institute of Technology, 1000 Hz). Each foot was 
placed on one plate with a 120° knee angle as measured with a knee goniometer. Subjects were 
asked to press with maximum strength and with both legs for the duration of five seconds. This test 
was performed three times with a resting time of one minute between each trial.  
To assess dynamic lower limb strength, the subjects performed three counter-movement-jumps 
(CMJ) with arms akimbo on two force platforms embedded in the laboratory’s floor (self-
construction, BioMotion Center, Karlsruhe Institute of Technology, 1000 Hz). They started from an 
upright standing position and were instructed to jump as high as possible. The correct movement 
sequence (starting in an upright position, then flexion of knees and hips to initiate moving down-
wards and finally immediate extension of knees to vertically jump up off the ground with both feet 
simultaneously) was demonstrated by the test supervisor. A rest period of one minute was set be-
tween the jumps. The relevant parameters for the isometric lower limb strength are the maximum 
force (Fmax, in N) and for the CMJ the maximum jump height (h, in m) as calculated by the impulse. 
All data of the strength tests were analyzed using the software Templo® (Contemplas GmbH, Ger-
many) regardless of leg laterality. The best out of three trials in isometric and dynamic testing was 
chosen for further analysis. The test setup is shown in figure 5.  
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Figure 5:  Female participants during isometric (leg press) and dynamic (counter-movement-jump) lower 
limb strength testing 

To assess coordinative skills, all participants performed six static and afterwards six dynamic one-
legged stabilization (balance) tasks on the Posturomed® 202 (Haider Bioswing GmbH, Germany). 
Within each condition, they were asked to perform three trials per leg alternately. The Posturomed 
is a station which comprises an unstable and swinging quadratic platform that shifts freely in all 
directions of the transversal plane. During the trials, the subjects had their eyes opened and wore 
shoes that were standardized for all participants. In the static condition, the subjects’ task was to 
keep the platform in balance. In the dynamic condition, a perturbation impulse was unexpectedly 
applied by eliciting a fixed provocation unit and subjects were instructed to re-stabilize platform 
movements as quickly as possible. The movement of the platform was recorded by the software 
Microswing 5 (Haider Bioswing GmbH, Germany) for the duration of 12 seconds. Performance 
scores between 0 and 1,000 points per trial (the faster the re-stabilization the higher the score) could 
be reached. For data analysis, the scores of the six static and the six dynamic trials were averaged to 
one mean score for static and dynamic condition, respectively.  
Participants also performed two coordination tests from a standardized physical fitness test battery 
(Deutscher Motorik-Test 6-18/ German Motor Performance Test 6-18; Bös et al., 2009). The first 
gross motor test performed in the study is called “backward balancing” and assesses coordination 
under precision constraint. Participants were instructed to balance backwards on a 6, 4.5 and 3 cm 
wide and 3 m long beam without touching the ground with their feet. The subjects had two trials per 
beam with the numbers of steps balanced on each beam added. The maximal number of steps per 
beam was set at 8; the maximal score for the complete test is thus 48. To determine coordination 
under time pressure, the “jumping side-to-side” test was performed. The participants’ aim was to 
jump sideways as quickly as possible during two 15 second intervals with a resting period of one 
minute between. The jumps had to be performed in a square affixed on the ground that was divided 
by a middle line. Participants were not allowed to touch the middle line during jumping. The rele-
vant parameter for this test is the average number of jumps in 15 seconds. The setups of the coordi-
native skills tests are given in figure 6.       
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Figure 6:  Female participant during coordinative performance testing 

To determine BMI (body mass index; kg/m2) and waist to hip ratio, participants had their height 
(cm), waist (cm) and hip size (cm) measured using a calibrated stadiometer and a plastic tape meas-
ure. For this measurement, they were barefooted and wore form fitting underwear or swimsuits. 
Afterwards, weight and body fat measurements were conducted via whole body densitometry using 
a BOD POD Gold Standard® System (Model 2007; Life Measurement Inc., USA; now: COSMED, 
Italy). 
 

 

 

Figure 7:  Male participant in the BOD POD 

The BOD POD allows for a non-invasive and quick estimation of fat (% and kg) and fat free mass 
(% and kg) using whole body densitometric principles. Thus, the measurement is based on the two 
compartment model of body composition. The system assesses body mass by using an electronic 
scale as well as body volume based on the principle of air-displacement plethysmography. For the 
measurement of body volume, the participant enters the test chamber of the BOD POD and is in-
structed to relax, breathe normally and limit any movement while sitting (figure 7). Two body vol-
ume measurements with durations of approximately 50 seconds are conducted followed by a thorac-
ic gas volume measurement. Based on body mass (MB) and volume (VB), body density (DB) can be 
calculated: DB=MB/VB. Since fat and fat free mass have different densities, the relative amounts of a 
participant’s fat and fat free mass can be estimated using equations (Dempster & Aitkens, 1995). 
The BOD POD has been shown to be a reliable and valid technique for estimating body fat and fat 
free mass in adults if compared with reference devices such as hydrostatic weighing or dual x-ray 
absorptiometry. However, it slightly (2-3 %) underestimates body fat compared with 
multicompartiment models (Fields, Goran & McCrory, 2002).     
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trials to get familiarized with the test procedure. Relevant parameters for statistical analysis of the 
study’s research questions were response times, response accuracies and event-related brain poten-
tials (P300, N100, P200). It was shown in several research studies that response times are faster and 
response accuracies are higher for congruent compared to incongruent trials (e.g. Davelaar & Ste-
vens, 2009, p. 121). During incongruent trials, stimulus processing is hampered and attentional con-
trol processes are necessary to inhibit incorrect responses. This response conflict results in slower 
reaction times and is termed ‘Flanker effect’.  
 
The Switching task allows for the analysis of cognitive flexibility in consideration of working 
memory and inhibition. Participants were sitting 0.5 m in front of the monitor screen. In the middle 
of the monitor screen, 4 cm high numbers were presented for the duration of 200 ms. The numbers 
were surrounded by either a dashed or a continuous line marking a quadrate. In case of a continuous 
line, the participants had to decide whether the shown number was greater or less than 5. In case of 
a dashed line, they had to decide whether the number was even or odd. Participants performed three 
blocks of trials. In the first block (Switching task I), 128 trials surrounded with a continuous line 
and in the second block (Switching task II), 128 trials surrounded with a dashed line were present-
ed. Thus, block I and II consisted of homogenous trials. In the third block (Switching task III), both 
conditions were randomly mixed to 256 heterogeneous trials. The numbers 1 to 4 and 6 to 9 were 
equally distributed across all trials. An example of the Switching task is given in figure 8.   
 
 

 

Figure 8:  Example of Switching task III comprising switch and non-switch trials 

Before beginning the test, participant performed 20 trials to get familiarized. Relevant parameters 
for statistical analysis were response times, response accuracies and event-related brain potentials 
(P300, P200).  
 
 

 
Figure 9:  Female participant during cognitive testing on the computer  
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The grand average for all participants for P300 amplitude at Pz electrode during the Oddball task is 
given in figure 13. It is clearly noticeable that athletes have a larger P300 amplitude peak than 
nonathletes. Topoplots for athletes and nonathletes during the Oddball tasks are presented in figure 
14. This figure also shows a more intense brain activation (color: dark red) for athletes compared to 
nonathletes (color: orange-red) in the relevant time range (300-400 ms) after the stimulus was pre-
sented.     

 
Figure 13:  Grand average for Oddball P300 amplitude at Pz electrode (red: athletes, green: nonathletes) 

 
Figure 14:  Topoplots for athletes (a) and nonathletes (b) 

A significant overall effect (F [1, 100] = 5.88, p = .02, η2 = .056; males: F [1, 72] = .06, p = .82, η2 = 
.001; females: F [1, 26] = 9.44, p = < .01, η2 = .266) was observed with faster latencies for athletes 
compared to nonathletes in the Flanker task (table 34 & figure 15). There was further a congruency 
x general sports participation interaction (F [1, 100] = 4.94, p = .03, η2 = .047) indicating faster 
P300 latencies for athletes for congruent (362.95 ms, 95 % CI 355.01 - 370.90) but not incongruent 
trials (410.53 ms, 95 % CI 400.03 - 421.03) compared to nonathletes (congruent: 394.15 ms, 95 % 
CI 379.43 - 408.87; incongruent: 422.37 ms, 95 % CI 402.90 - 441.83). No effect was found on 
P300 latencies in the Switching task as well as Oddball task. 
 
 





























































































































































































































































































































236 Summary and Conclusion 
 

 

5.3 Recommendations for Future Research 

Given that young adults are on the peak of their cognitive performance, there is suggested to be 
only little range for exercise-related improvement in contrast to elderly or very young children. Due 
to this fact, Kamijo and Takeda (2010, p. 311) proposed that cognitive paradigms should be selected 
carefully to avoid an underestimation of exercise-induced effects. In most studies, effortful tasks 
and trials which require higher cognitive functions are therefore used.  
However, this study could show that beneficial effects can also be investigated by using a relatively 
simple Oddball task. Nevertheless, it is doubtlessly recommended to use more complex and de-
manding tasks instead of easier ones when working with young adults. An innovative approach 
might also be not only to limit cognitive performance testing to standardized paradigms but to also 
think about new techniques such as driving simulators for example. In the current study, this tech-
nique was also used. Participants were asked to perform a lane change task which involves driving 
on a virtual lane and changing lanes as instructed by road signs. While completing the lane change 
task, participants were instructed to perform secondary n-back tasks.  
 

 
Figure 164: Participant performing the tests in the driving simulator 

In this study, no effects could be found for behavioral data such as errors in these tasks. But it 
would be interesting to test if event-related brain potentials assessed during such a task would be 
affected by physical activity or fitness measures. However, such an analysis was not possible in this 
study.     
Future research should continue in examining the effects of general sports participation, types, dura-
tions, frequencies and intensities of exercise as well as fitness parameters on cognitive performance 
in young adults. Larger sample sizes, especially for females, are needed in order to ensure a gender-
specific data analysis. Further, recruitment of participants should not only be limited to the universi-
ty setting as done so far in most studies. Additionally, the use of objective techniques to assess 
physical activity habits and also fitness status is stringently required. However, since cross-sectional 
designs do not allow for detection of causally determined associations, intervention and longitudinal 
study designs are increasingly needed.  
This study could not test any potential mechanisms that might underlie the effects of activity and 
fitness on cognition. Since possible mechanisms and adaptations of physical activity or fitness on 
brain structure and executive functions have been described in literature, potentially underlying 
mechanisms can only be suggested from the current findings. Therefore, more basic research is 
needed to investigate the potential mechanisms that might underlie exercise-induced effects on cog-
nitive performance in young adults. It would be further very interesting to know in which way bene-
fits on cognitive performance as assessed by standardized paradigms are related to cognitive per-
formance and behavior in real life.             
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Physical activity is known to provide substantial health benefits across 
the life span. While there is accumulating evidence for possible asso-
ciations between physical activity, fitness, and cognitive performance 
in children and elderly people, only few studies have been carried out 
in young adults. Therefore, the purpose of this cross-sectional study 
was to determine the interdependence between physical (in-) activity, 
fitness, and executive functions in a sample of 152 participants be-
tween the ages of 18 and 34 years. The research methods included 
a number of physical performance and fitness tests, a questionnaire 
to assess physical activity habits, as well as a computerized test bat-
tery to measure cognitive task performance and event-related brain 
potentials.
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