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I. General Introduction 
 

Throughout the past decades exercise has gained enormous societal relevance 

and nowadays, at least in the western societies, exercise plays a key role in 

maintaining and restoring health. This essential role of exercise in the prevention 

of disease and maintenance of health is mainly caused by an increasingly 

sedentary society and targets the complete lifespan.  

Although in nearly any definition of health, health is defined as a holistic state 

incorporating physical, mental and social aspects [1], exercise science so far has 

mainly focused on the physical aspect of health. With focus on restoring physical 

conditions after traumatic casualties or maintaining cardiovascular and 

musculoskeletal fitness. A mental and social health aspect of exercise has been 

widely neglected in the early years of exercise science research, and only few 

behavioral studies reported a positive impact of exercise on mood and cognitive 

performance. Nevertheless, these behavioral studies mainly regarded the central 

nervous system (CNS) as a black box and, due to missing technological 

approaches, the CNS remained widely unexplored and unattended in exercise 

science research. The only discipline targeting the CNS and its role in 

programming and execution of motor commands was the motor control area.  

Beside this top-down approach, i.e. the aim to understand how the brain is 

organizing movements, since the late 1990s there has been a growing interest in 

understanding how exercise affects the CNS. Further, to describe models and 

mechanisms that might help to understand the underlying neurophysiological 

effects of exercise on mood and cognitive performance. First studies on the 

effects of exercise on the serotonergic and dopaminergic system and its role in 
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mood regulation [2-7], where followed by animal experiments on central 

neuroplasticity caused by exercise [8-11]. With technological development, it has 

become possible to investigate the underlying neurophysiology of exercise using 

electroencephalography more profound and to link previously reported 

behavioral effects of exercise on mood and cognitive performance with 

neurophysiological data [12-16].  

Today an increasing body of literature covers the effects of exercise on mental 

health throughout the lifespan. One criticism and therefore limitation of most of 

the studies is, that they are often lab-based studies and a transfer to the real-life 

situation is difficult. Studies by Dietrich [17, 18], Ekkekakis [19], Schneider [20-

22] and others have pointed out that the positive effects of exercise on mood and 

cognitive performance are most likely provoked by a bias towards exercise, 

including the kind, duration and intensity of exercise. Placing participants in a lab 

with a pre-defined protocol obviously meets todays scientific criteria, but perhaps 

fails to investigate the unsophisticatedness of exercise. This is probably more 

important investigating the effects of exercise on mood or cognitive performance 

and less important when considering physical aspects of exercise. To give an 

example: Whereas a predefined exercise protocol on a treadmill or bike 

ergometer will provoke specific physiological reactions, the individual perception 

of this exercise will differ. Whereas some participants might enjoy the protocol 

(which plays a crucial role when it comes to mood regulations), others might feel 

over- or undertaxed. 

Research in a real-life situation is probably the central topic of this dissertation. 

Based on technological developments allowing to do research in the field, me 

and my co-authors aimed to push further towards an embedded research 

approach and trying to identify possible underlying neurophysiological effects of 



From Space To School – Neurophysiological Relation Of Physical Exercise And Cognitive Perfomance In Field 

 10 

exercise on mood and cognition and therefore delivering data that will contribute 

to emphasize the important role of exercise within a holistic health approach in 

different settings and the throughout the lifespan.  

 

 

I.1. BACKGROUND 

I.1.1. Neuroimaging in non-lab conditions 

Gold-standard methods for brain imaging are positron emission tomography 

(PET), functional magnetic resonance imaging (fMRI) and Diffusion Tensor 

Imaging (DTI). These techniques allow to identify an event related increase in 

brain metabolism and therefore the detection of task relevant brain regions. 

Unfortunately, due to their dimensions, these techniques are not applicable 

under non-laboratory filed conditions and during exercise. Despite their high 

spatial resolution, these techniques offer a very low temporal resolution, which 

also makes them inappropriate for many experimental conditions especially in 

the area of exercise science. In contrast to those stationary systems near 

infrared spectroscopy (NIRS) allows measuring regional changes in oxygenized 

and deoxygenized brain blood flow under experimental conditions in the field. 

Although a NIRS system is portable and easy to use unfortunately, NIRS offers 

limited spatial resolution. In addition, a systemic increase in cardiovascular 

activity and therefore brain blood flow during exercise might superimpose any 

neural effect in the NIRS data [23]. It remains unclear how much of the signal is 

influenced by changes in blood flow in the superficial tissue as previous 

research revealed no correlation between changes in hemokinetics measured 

by NIRS and electro-cortical activity [24, 25]. Similar to fMRI or PET, NIRS only 

offers a secondary signal of neural activity as these techniques reflect the 
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increased metabolic demand caused by neural activity. In contrast, 

electroencephalography (EEG) allows to record the primary signal of neural 

activity with a high temporal, albeit low spatial resolution. To overcome the 

limitation of low spatial resolution, electroencephalography in combination with 

source localization algorithms offer a reliable, inexpensive and easy to use 

technique that is applicable to the very specific situation under field conditions 

and might help to identify the underlying neuro-behavioral and neuro-cognitive 

effects of exercise [26] and / or weightlessness [27]. 

 

 

I.1.2. Introduction to EEG: Recording and analysis 

EEG activity that is recorded via scalp located electrodes is evoked by 

synchronized postsynaptic potentials [28]. Today multi-electrode EEG caps are 

used for recording EEG activity. Electrodes are organized in the international 

10-20 system [29], which are referenced either to the right and left earlobe or a 

pre-defined reference electrode embedded in the cap architecture. Modern 

systems like the ones by ActiCap system (BrainProducts, Gilching, Germany) 

allow an artefact-free recording by actively shielding the recorded EEG signal. 

This, in combination with battery powered systems allow to record under field 

conditions.  
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Frequency analysis 

One way to analyze EEG activity is by frequency analysis. Here the raw signal 

after filtering and segmentation is divided into different wave bands, i.e. delta 

(0.5 - 3.5Hz), theta (3.5.-7.5Hz), alpha (7.5 - 12.5 Hz), beta (12.5 - 35Hz) and 

gamma (>35Hz). Sometimes the alpha and beta wavebands are subdivided into 

higher and lower wave bands (alpha -1: 7.5 - 10Hz / alpha-2: 10 - 12.5Hz; beta-

1: 12.5 - 18.0Hz / beta-2: 18.0-35.0Hz). In the resting waking EEG the delta and 

theta band can be widely neglected as they typically show activity during sleep 

and drowsiness. A general model of cortical arousal assumes that arousal is 

negatively correlated with alpha activity (decrease of alpha activity) which is 

accompanied by a shift of activity towards high Hz waveforms (beta activity). 

This is probably caused by cholinergic neuromodulation [30], which affects the 

synchrony of interneuron networks, involved in higher frequency oscillations 

[31]. In contrast, an increase of cortical relaxation, a so-called synchronized 

state of the brain, is thought to be reflected in an increased alpha activity and a 

decreased beta activity [32, 33]. Higher beta and gamma activity is also present 

during the processing of sensory information [34].  

 

Cortical current density 

Another way to analyze EEG activity is by defining the amount of cortical current 

density (CCD) [35]. Cortical current density is a measure of electric activity 

caused by neural activity per unit area of cross section. In a two-dimensional 

area the amount of activity is measured in µV/mm2. But in a three-dimensional 

and voxel based analysis – as in the brain – activity is squared so that the unit 
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is µV2/mm4. The analysis of cortical current density is equivalent to a signal 

analysis using blood oxygen level dependence (BOLD) [36]. The BOLD signal 

defines the increase in regional blood flow caused by energy expenditure of 

neural activity – but therefore is – a secondary signal (see explanation above). 

Directly recording and analyzing the electrical activity that causes an increase 

in cell metabolism might be considered superior – at least when considering a 

temporal resolution. In combination with source localization methods, as 

standardized low resolution brain electromagnetic tomography (sLORETA) [37-

39] using triangulation, the localization of activity within the CNS has become 

possible. Spatial resolution of a CCD analysis is dependent on the number of 

available electrodes, with a number of 19 electrodes proposed as a minimum 

requirement. 

 

Event related potentials 

While EEG frequency and CCD analysis allows to determine a general state of 

cortical arousal within a given time window, the analysis of event related 

potentials (ERP) allows to determine brain responses that are directly resulting 

from an external or internal stimulus, e.g. a thought, motor command, or 

perception. It is assumed that ERPs are a result of "higher" cognitive processes, 

such as memory, expectation, and attention [40]. 

An ERP, in the current literature also described as neurocognitive marker, 

represents the average of a series of voltage oscillations in the brain in response 

to any discrete stimulus event [41]. An ERP analysis is considering a latency 

component, describing the time between stimulus onset and ERP response, 

and an amplitude component, describing the voltage difference caused by the 
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ERP. Whereas the early components (up to 70 ms) of an ERP are mostly related 

to the physical characteristics of the stimulus (detection) the later components ( 

> 200 ms) are more related to the higher cognitive processes [42, 43].  

Prominent ERP markers to identify higher cognitive processes have been 

identified to occur between 100 and 700ms after stimulus onset [40]. The N2 or 

N200 component is a negative peak occurring between 200 and 350 ms 

following stimulus onset. For visual stimulations this component is present in 

occipital brain regions and is reported to reflect strategic monitoring (decision 

making) and therefore control of movement responses [44, 45]. Another 

prominent marker is the P300, a positive deflection of the EEG with an latency 

between 200 up to 700 ms [46]. The P300 is associated with cognitive 

performance, characterizing neuropsychological responses that refer to specific 

stimuli being of relevance among other stimuli, which have to be ignored 

(oddball paradigm). Regardless of early understandings, that assigned the P300 

within functional analysis [47], today its characterization becomes more and 

more detailed, including information processes that are engaged with attention 

and memory mechanisms [48]. It could be demonstrated that the magnitude of 

the P300 decreases with increasing difficulty of a task, and with increasing 

memory load. Nieuwenhuis et al [49] provided an anatomical model reflecting 

similarities of the P300 with the orientation response. 

 

 

I.1.3. Exercise and neuro-cognitive performance 

For the context of physical exercise and cognitive achievement, far back in 

history since the ancient Greeks (fourth century B.C.), it was believed that 

physical activity would be closely connected to intellectual abilities [50]. 
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Scientific investigations of the relation began in the 1930th. Back in the 1950th 

and 1960th the focus of research turned to psychological benefits of physical 

activity, followed by a shift of interest to physical benefits [51]. Since the 1970th 

the first systematic examinations of the relation between physical activity and 

cognition were conducted [52]. 

Today there is broad literature describing the effect of exercise on cognitive 

function. Although in general a positive relation is agreed, effect sizes vary and 

results are dependent on a number of contributing factors [53].  

Regarding many authors conflicting results could be affected by the possible 

range of cognitive tasks that have been assessed as information processing, 

attention capacity, performance on task that demand visual-spatial processing, 

psychomotor speed and / or executive-control processes [54, 55]. 

There is no standardization concerning the different physiological requirements 

of the type of exercise [56] as its duration, intensity, and type of physical activity.  

The participants characteristics often differ in age, range, status of health, 

gender and education as well as the level of cardiovascular and physical fitness.  

Studies report either an acute effect of exercise on cognitive performance 

(especially executive functions) and mental well-being, which is probably 

mediated by functional exercise induced CNS-changes or outlasting effects on 

general brain health (e.g. memory), which are more likely exercise induced 

structural changes in the brain. 

Furthermore, lifestyle factors as intellectual engagement, social interaction, diet 

and physical activity are associated with the maintenance of cognitive function 

as well as downsizing the risk for neurodegenerative disorders and vascular 

dementia, [57-60].  
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Whereas early research on the influence of exercise on cognitive function was 

conducted merely on a behavioral level, due to technological developments in 

the recent years an increasing number of studies started to investigate the 

underlying neuro-physiology of exercise, which allowed to define some key 

principles on how exercise affects cognitive performance and mental well-being.  

Arne Dietrich [61] was amongst the first to attribute positive aspects of exercise 

to specific changes in brain regions involved in cognitive performance, mainly 

frontal and temporal brain areas. His theory of a transient hypofrontality 

assumed a shift of cortical activity away from fronto-temporal brain areas during 

exercise, as limited neuronal capacity [62], was needed to maintain activity in 

those regions being responsible for the planning, execution and control of 

exercise, i.e. the primary motor cortex and associated motor and sensory areas. 

Following the initial and theoretical idea of such a transient hypofrontality [61] a 

number of studies confirmed this idea [12, 15, 63] and the theory today is widely 

accepted in the literature [64]. An important link to the previously described 

increase in cognitive performance following exercise, has been provided by 

further studies, proving that the hypofrontality is outlasting a single exercise 

session by at least 30 min [14]. This “down-regulation” of cortical activity in 

frontal-temporal brain areas is proposed to counteract stress induced 

dysfunctions in fronto-temporal  brain areas [65] and to “normalize” activity in 

these regions. Research has also linked the theory of transient hypofrontality to 

the flow experience [66, 67] and creativity [68]. 

To reach such a flow state, the physiological requirements of exercise play a 

crucial role [56], as the transient hypofrontality seems to be dependent on 

exercise intensity (dose-response relationship [69]) as well as exercise 

preferences [12]. A dose-response relationship on the effects of exercise on 
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cognitive performance has been reported before on a behavioral level [69] and 

actually mimics a phenomenon that is already known from arousal research: for 

peak performance there is an optimum of arousal level (inverted-U theory). 

Several authors [12, 16, 19, 70] showed that the transient hypofrontality and 

related positive effects of exercise on mood and cognitive performance appear 

neither when intensity or duration of exercise is experienced as too high or too 

low but only when the exercise defining parameters are set on an individual 

optimum. 

Following further studies Schneider et al proposed an exercise preference 

hypothesis, which assumes that the described link between a transient 

hypofrontality and neuro-cognitive and neuro-behavioral effects of exercise is 

based on a personal bias towards exercise [12, 16, 71]. 

This all provides relevance for further research, showing that it is not only 

important to exercise, as widely recommended, but also to identify the right kind, 

the right duration and the right intensity of exercise. If these factors are not 

considered, neither will subjects’ experience the positive effects of exercise on 

neuro-cognitive performance (functional adaptation of the CNS), nor will they 

show any kind of compliance, which is essential to have an outlasting neuro-

cognitive benefit (structural adaptation of the CNS).  

As the positive effects of an acute bout of exercise on functional neuro-cognitive 

performance are probably limited to one or two hours post exercise, there is 

furthermore the need to investigate its effectiveness and the affecting variable 

in the specific field setting. If exercise is expected to improve employee’s mental 

performance in a workplace setting (this includes working on the International 

Space Station (ISS), see below) or children’s academic achievement in school, 

there is a need for interventions which are applicable and reasonable.   
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I.1.4. Changes in cognitive performance during space flight and gravity 

induced changes in brain cortical activity 

Terrestrial research has shown that stress is one of the main contributing factors 

influencing cognitive and perceptual motor performance [72-74]. During 

prolonged exposure to microgravity and embedded in an isolated and confined 

environment, one would expect a stress related decrease in performance and 

indeed, previous research revealed the deterioration of various psychomotor 

functions during prolonged spaceflight, especially when mental work load was 

high as for example during dual tasks experiments [75-85]. So far it remains 

unknown, if these effects were caused primarily by the weightlessness situation 

or by the stressful situation of living confined and isolated in an encapsulated 

habitat on board of the ISS and/or former MIR station. Studies by Manzey et al. 

[86] and Lorenz et al. [87] proposed that the detrimental effects on cognitive and 

perceptual performance are mainly visible during transition phases of high 

stress, i.e. the beginning and the end of a mission and therefore are not 

dependent on the experience of weightlessness. From a mere physiological 

viewpoint, assuming that an increase in blood supply to the brain would 

positively impact on cognitive performance, one would argue that the 

redistribution of blood volume to the upper extremities and the head [88] would 

have a positive impact on mental performance.  

With respect to future developments like a deep space gateway, where 

individuals are supposed to be inhabited for several months, one of the current 

aims in space life-science research is to differentiate and further investigate a 

possible impact of these two parameters, weightlessness and isolation on 
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cognitive performance in order to define appropriate countermeasures and to 

support the success of the mission. 

As already described in the section above, only in the last decade technological 

developments have made it possible, not only to rely on behavioral data, but 

also to assess and identify the underlying neurophysiological effects of 

weightlessness and confinement on cognitive performance and mental health.  

It has been shown sensory deprivation during long-term isolation is resulting in 

detrimental effects on the CNS and cognitive performance [11, 87, 89-91], which 

could be counteracted by a regular exercise regimen [11, 14, 92, 93]. 

Experiments designed to understand the effects of weightlessness on the CNS 

show opposed, positive effects. A first study by Cheron et al. [94], using the 

integrated Multi Electrodes Encephalogram Measurement Module (MEEMM) on 

the ISS, showed an increase of power in the peak alpha frequency (PAF), which 

is one of the dominating frequencies in the resting brain. As previous studies 

showed that the PAF is a marker of increased cognitive performance [95, 96], 

Cheron et al. proposed that the reduction in multimodal graviceptive inputs to 

cortical networks might positively affect cognitive function. Unfortunately, their 

experiment did not include any assessment of cognitive function and therefore 

the interpretation must remain speculative. 

Currently the only way to further investigate on the effects of weightlessness on 

neuro-cognitive performance is by using a parabolic flight model. Parabolic 

flights are characterized by recurring phases of microgravity (0G) of 22 seconds, 

accumulating in approximately 11 minutes of weightlessness for one 

experimental session. Pletser and Quadens [97] were the first to demonstrate 

that changes in EEG-activity are varying with changes in gravity caused by 

parabolic flight. However, these changes were inter-subject dependent, which 
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marks some important limitations that have to be considered when designing 

experiments for a parabolic flight: First, it is necessary to control for the 

individual stress level, e.g. by comparing inflight data obtained during normal 

gravity (1G) and 0G in flight, rather than comparing an inflight 0G scenario with 

a lab-based 1G scenario. Secondly, the effect of anti-nausea medication needs 

to be controlled. However, such an effect might be ruled out, if comparing 

experimental results obtained during inflight 1G to inflight 0G as the medication 

is active in both cases. Finally, the individuals experience needs to be 

controlled. In a first study using EEG recordings in combination with a source 

localization analysis (sLORETA) Schneider et al. [98] could show that the initial 

experience of weightlessness is provoking specific changes in the prefrontal 

cortex, a brain region that is well known to play a major role in emotional 

processing and the modulation of performance [99, 100]. A tilt table study with 

9° head down-tilt (a position that is used to mimic the redistribution of blood 

volume during weightlessness [101]) did not obtain similar results. Accordingly, 

the authors propose that the observed changes during microgravity reflect 

emotional processes related to the experience of weightlessness, which needs 

to be considered when designing future experiments. It is hypothesized that 

such an effect is less pronounced with individuals that have been exposed to 

weightlessness during parabolic flights before.  

To conclude, it can be stated, that beside a number of behavioral studies on 

cognitive and sensorimotor performance both, during parabolic flight and on 

board the former Russian MIR station and some initial studies on the effects of 

weightlessness / isolation on the CNS provide confounding results. This is due 

to the fact that these studies (1) are barely able to differentiate between a 

primary effect of weightlessness and a secondary effect of isolation and (2) fail 
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to provide a link between cognitive processing and the underlying neuro-

physiological mechanism.  
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I.2. STUDY OVERVIEW AND BROADER CONTEXT  

 

I.2.1. Study 1 

In the latter years companies have shown an increased awareness for 

workplace health promotion. The motivation for such programs is two folded. 

First companies aim to increase their attractiveness on the market by offering 

health packages for their employees. In an era of a shortage of skilled 

professionals the competition for high performers is increasingly important for 

companies and a work place with a dedicated work-life balance program is one 

of the top wish list for employees. Companies like Amazon and Apple in the US 

have designed sophisticated campuses for their employees, offering a variety 

of exercise possibilities for free use. Such a concept is hardly transferable to 

Germany with predominant small and medium sized companies. In Germany, 

from both a social and an economic perspective, companies are becoming 

increasingly aware of their responsibility for employees’ health. As a 

consequence, the corporate field has shown an increasing interest in concepts 

of “corporate health management” and in a variety of offers related to health 

benefits for employees (e.g. [102]. In the organizational setting, work breaks (in 

the literature also called breaks, rest breaks, lunch breaks, pauses) are 

considered to positively affect employees’ physical and cognitive performance. 

The rationale behind work breaks is: they should allow mental recovery to 

maintain or improve task performance such as higher output or reduced error 

rates or reduced incident risks [103]. Although a number of studies exist, one 

limitation is the missing link between performance assessments and the 

underlying neurophysiological effects. The first study of this dissertation 
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(Chapter II) investigated possible positive effects of exercise on neuro-cognitive 

performance and mood in the context of workplace health promotion. It was 

hypothesized that an exercise work break would positively affect neuro-

cognitive and neuro-behavioral performance in contrast to a standardized 

and/or meditative work break.  

 

 

I.2.2. Study 2 

Although in today’s work-life more and more jobs are defined by a sedentary 

behavior (office jobs), still some exist, which are defined by prolonged phases 

of physical activity (e.g. firefighter, special forces). Also, prolonged physical 

exercise is performed in recreational activities as (ultra-)marathons. Multiple 

components of the physical (physiological) and mental (psychological) effects 

of prolonged exercise are unknown an especially specific components of brain 

activity, and the correlation with mood, emotional intelligence, emotional 

regulation, and physical and mental effort are not known. Two effects of 

prolonged exercise on mental performance are discussed in exercise science. 

Whereas it has been shown that prolonged exercise causes mental fatigue [104] 

other studies assume prolonged exercise to result in a flow experience with 

benefits for mental performance [61]. Study 2 (Chapter III) used a repeated-

measures design in which the participants completed a series of physical and 

mental measurements before and during a non-competitive 6-hours run 

conducted at their own pace. It was hypothesized that 6 hours of exercise will 

cause specific changes in brain cortical activity, especially prefrontal cortex 

regions and that these changes will be correlated with changes in flow state, 

mood and perceived exertion.  



From Space To School – Neurophysiological Relation Of Physical Exercise And Cognitive Perfomance In Field 

 24 

 

 

I.2.3. Study 3 

The German health survey for children and adolescents shows, that 

approximately 9% of the German school children are overweight and 6% 

severely obese [105]. Programs like „Be Active Stay Healthy“ (BASH) in 

England or the „Children’s Health Interventional Trial“ (CHILT) in Germany are 

primarily focusing on the metabolic [106], orthopedic [107] and cardiovascular 

[108] adaptations caused by exercise. Lately more and more research has been 

conducted to assess how exercise influences the young brain and children`s 

mental development [109-114]. Larger trials like the study of Booth et al. [115] 

were targeting the role of regular physical activity in school for an improvement 

of academic achievement. This role cannot necessarily be filled completely by 

school sport as the curriculum of school sport is manifold: Beside an introduction 

to different sports, which is reflecting both, the need for a broad motor 

development of children as well as an introduction into the cultural aspects of 

sports (rules and standards), school sport is targeting the personal development 

(e.g. values, fair play) as well as general health aspects of sport and exercise. 

Apparently active school breaks or even an exercise session in the beginning 

of the morning are proposed and the effects examined [109]. In this context it is 

important to remark that regular physical activity most likely does not make 

school children smarter, but specific neurophysiological changes caused by 

exercise (a transient hypofrontality) are thought to be the neuronal basis for an 

increase in attention and concentrativeness, supporting an enhanced learning 

process [116]. This, in the long-term, obviously increases academic 

achievements.  
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One of the major contributions to an improvement in cognitive performance after 

a bout of exercise, either school sport or an active break, is probably the factor 

distraction. Following the theory of a transient hypofrontality, stress or “cognitive 

overload” is accompanied by an increase in prefrontal brain areas that hinder 

further concentration and attention. Similar to exercise, other non-major 

subjects like arts or music might have similar effects by offering cognitive 

distraction.  

Study 3 (Chapter IV) examined the role of non-major subjects in school on 

changes in brain cortical activity and the achievements in a national assessment 

in grade 3. It is the first study examining the effects of school sport with another 

non-major subject (arts). It was hypothesized that exercise in contrast to an arts 

class would result in a decrease in fronto-temporal cortical activity and an 

improvement in academic performance assessed through a nation-wide 

learning assessment in grade 3 (Vera3).  

 

 

I.2.4. Study 4-6 

The final three studies (Chapter V-VII) investigated the effects of exercise on 

neurocognitive performance in weightlessness. Since the first Apollo mission, 

the role of exercise in space in order to maintain musculoskeletal and 

cardiovascular fitness has played a crucial role. Without exercise, the unloading 

condition of weightlessness leads to a maladaptation of the cardiovascular 

system and a loss of muscle strength and muscle mass (up to 24% after 6 

months of spaceflight [117]) as well as a loss of bone density (approx. 1% per 

month in space [118]). To counteract this deconditioning, astronauts and 

cosmonauts are exercising approximately 2hrs per day on a treadmill / bike 
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ergometer and/or the advanced resistive exercise devices (ARED) on board of 

the ISS. With prolonged mission duration and serious plans of national and 

international space agencies for a manned mission to Mars the role of exercise 

has been redefined in the roadmaps of NASA [119] and ESA [120]. Today 

exercise is regarded as tool to counteract isolation and confinement related 

stress, to maintain mental health during long-term spaceflight and therefore 

contribute to mission success and mission safety [121]. Unfortunately, it 

remains currently unknown, whether previously reported decrease in behavioral 

data (reaction time, decision making, executive function) is caused by 

weightlessness or the confined and isolated situation. Accordingly, individually 

tailored exercise programs are difficult to define. Therefore, a couple of 

experiments were designed to identify the mere effect of weightlessness on 

neurocognitive performance. It was hypothesized that weightlessness itself has 

no influence on neuro-cognitive performance.  
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II.1. ABSTRACT 

Beside its positive impact on physical health, exercise is indicated to positively 

affect cognitive performance based on a relocation of cortical activity. This study 

examined the influence of different types of breaks on cognitive performance 

and related cortical activity in office-based employees. Breaks were filled with 

either exercise, resting or a usual break and a control condition where 

employees continued working without any break. 

Cognitive performance was assessed using the d2-R test and two commercially 

available cognitive tasks. Brain cortical activity was recorded using 

electroencephalography before and after breaks. Individual’s mood was 

analyzed using a profile of mood state.  

Results indicate a positive effect of a three-minute boxing intervention on 

cognitive performance, mirrored by a decrease in prefrontal cortex activity. 

Although perceived psychological state was increased after the usual break, this 

is neither reflected in cortical activity nor cognitive performance. With respect to 

the fact that also bike activity resulted an increase in prefrontal alpha-2 activity, 

a positive effect of exercise on neuro-cognitive performance can be stated.  

Health and economic benefits may result from brief physical activity breaks and 

help to maintain work-place performance and job satisfaction. 

 

Keywords: workday breaks; prefrontal cortex; physical activity; neuro-cognitive 

performance; mood. 
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III.1. ABSTRACT 

Long duration exercise has been linked with the psychological model of Flow. It 

is expected that the flow experience is characterized by specific changes in 

cortical activity, especially a transient hypofrontality, which has recently been 

connected with an increase in cognitive performance post exercise. 

Nevertheless, data on neuro-affective and neuro-cognitive effects during 

prolonged exercise are rare. 

The cognitive performance, mental state, flow experience and brain cortical 

activity of eleven ultramarathon runners (six females, five males) were assessed 

before, several times during, and after a 6-hours run. A decrease of cortical 

activity (beta-activity) was measured in the frontal cortex, whereas no changes 

were measured for global beta, frontal or global alpha-activity. Perceived physical 

relaxation and flow state increased significantly after one hour of running but 

decreased during the following five hours. Perceived physical state and 

motivational state remained stable during the first hour of running but then 

decreased significantly. Cognitive performance as well as the underlying 

neurophysiological events (recorded as event-related potentials) remained stable 

across the 6-hours run. Despite the fact that women reported significant higher 

levels of flow, no further gender effects were noticeable. Supporting the theory of 

a transient hypofrontality, a clear decrease in frontal cortex activity was 

noticeable. Interestingly this had no effect on cognitive performance. The fact that 

self-reported flow experience only increased during the first hour of running 

before decreasing, leads us to assume that changes in cortical activity and the 

experience of Flow may not be linked as previously supposed. 
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IV.1. ABSTRACT 

The aim of this study was to compare the influence of a class of aerobic exercise 

and an arts class on brain cortical activity and possible effects on cognitive 

performance.  

Electroencephalography was used to record the electro cortical activity of sixteen 

(16) school children (8-10 years) before and after an aerobic exercise class, and 

an arts class. Performance in a standardized assessment of educational 

attainment (VERA-3) was assessed following both classes. 

A significant decrease of cortical activity was detected in all four lobes after 

exercise but not art classes (p <.05). No changes in cognitive performance were 

observed after exercise and art classes.  

In this study, cortical activity was reduced after an exercise class but effect on 

cognitive performance was not observed. No changes on cortical activity and 

cognitive performance were obtained after an art class. Hence, the 

neurophysiological effect of exercise should be further evaluated regarding 

different kinds of cognitive performance: creativity, knowledge acquisition as well 

as the outlasting effects of exercise on academic achievement. 

 

Keywords: EEG, exercise and art classes, cognitive function 
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V.1. ABSTRACT 

There is increasing interest in the effects of microgravity on cognitive processing, 

particularly as it relates to the potential for human space travel. While findings to 

date are quite inconsistent, studies reporting a decrement in cognitive 

performance have generally not been able to distinguish between the direct 

influence of microgravity, and any associated influence of stress. Furthermore, 

the currently available findings are primarily based on behavioral observations, 

and there is a need to better understand the underlying neurophysiological 

responses. 

The current study aimed to determine the effects of microgravity on 

neurophysiological processing during a mental arithmetic task (executive 

function). During the normal- and microgravity phases of a parabolic flight, four 

levels of a mental arithmetic task were presented on a touchscreen tablet. The 

latency between the appearance of the problem and the participants’ response 

was identified as reaction time. In addition, visual evoked potentials N1 and P2 

were determined using an active EEG system and analyzed using source 

localization algorithms.  

Results showed an increase in reaction time with increasing levels of task 

difficulty. During the most complex levels, reaction time was significantly reduced 

during microgravity. This observation was independent of previous parabolic 

flight experience as well as the use of anti-motion-sickness medication. P2 

amplitude decrease during microgravity was concomitant to a related 

involvement of the superior frontal and medial frontal gyrus. 
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It is concluded that cortical processes are enhanced during microgravity, and that 

previously reported impairments in cognitive performance are likely attributable 

to increased stress rather than weightlessness itself. 

 

Keywords: Parabolic flight; EEG; ERP; cognitive processing; P2; reaction time 
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VI.1. ABSTRACT 

Changes in gravity conditions have previously been reported to influence brain 

hemodynamics as well as neuronal activity. This paper attempts to identify a 

possible link between changes in brain blood flow and neuronal activity during 

microgravity. 

Middle cerebral artery flow velocity (MCAv) was measured using doppler 

ultrasound. Brain cortical activity (i.e. cortical current density) was measured 

using electroencephalography. Finger blood pressure was recorded and 

exported to generate beat-by-beat systolic (SBP), diastolic (DBP) and mean 

arterial pressure (MAP), heart rate (HR), cardiac output (CO), and 

cerebrovascular conductance index (CVCi). Seventeen participants were 

evaluated under normal gravity conditions and microgravity conditions, during 15 

bouts of 22 second intervals of weightlessness during a parabolic flight. 
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Although MAP decreased and CO increased, MCAv remained unchanged in the 

microgravity condition. CVCi as the quotient of MCAv and MAP increased in 

microgravity. Cortical current density showed a global decrease.  

Our data supports earlier data reporting a decrease in the amplitude of event 

related potentials recorded during microgravity. However, the general decrease 

in neural excitability in microgravity seems not to be dependent on hemodynamic 

changes.  

 

Keywords: Parabolic flight; EEG; transcranial doppler ultrasound; MCA 
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VII.1. ABSTRACT 

Previous studies have demonstrated no, or a slightly negative impact, of space 

flight on cognitive performance but were not able to distinguish between the 

primary effects of weightlessness and any secondary effects of stress and 

confinement. When isolating the effect of weightlessness, achieved by parabolic 

flights, reaction time while solving an arithmetic task was shown to be enhanced. 

This effect was found to be stronger with increasing task complexity and was 

independent of previous experience of weightlessness as well as anti-nausea 

medication. Analysis of event related potentials showed a decreased amplitude 

of the N100-P200 complex in weightlessness but was not able to distinguish a 

possible effect of task complexity.  

The present study aimed to extend this previous work, by comparing behavioral 

(reaction time) and neurological (event related potentials analysis) performance 

to a simple (oddball) and a complex (mental arithmetic + oddball) task during 

weightlessness.  
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28 participants participated in two experiments. 11 participants performed a 

simple oddball experiment in the 1G and 0G phases of a parabolic flight. A further 

17 participants were presented a complex arithmetic task in combination with an 

oddball task again during the 1G and 0G phases of a parabolic flight. Reaction 

time as well as event related potentials (ERP) were assessed.  

Results revealed a reduced reaction time (p < .05) for the complex task during 

0G. No gravity effects on reaction time were found for the simple task. In both 

experiments a reduction of typical ERP amplitudes was noticeable in 

weightlessness, whereas latency remained unaffected. 

As task complexity plays a major role, which casts a possible effect of arousal 

into doubt, it is assumed that the weightlessness induced fluid shift to the brain is 

positively affecting neuro-behavioral performance. 

 

Keywords: Parabolic flight; EEG; ERP; electro-cortical processing; oddball, 

reaction time 
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VIII. Overall Thesis Discussion 
 

Living and working conditions have substantially changed during the last 

centuries, with a gain of free time for leisure activities but also due to the growing 

absence of physical labor. Further, the beneficial influence of sport and exercise 

on developing and maintaining health, especially under its´ preventive aspect of 

diseases, is gathering more and more public attention. In this respect, there is a 

growing community of actively engaged individuals in sports. Moreover, exercise 

science today offers fundamental knowledge on exercise-related processes, e.g. 

locomotion, musculoskeletal system, physiological adaptations, metabolism, 

hormone responses, cardiovascular system, and recommendations on sports 

and exercise place strong emphasis on improving health. As a fact, many of the 

studies dealing with exercise or physical activity concentrate on the bodily 

benefits in this sense of health. Only a limited number of studies has targeted 

also effects of exercise on mental and social health, e.g. on reduced symptoms 

of some psychological diseases [261]. And only in the past years, researchers 

started to identify and analyze the underlying neurophysiological parameters of 

exercise on mental performance and emotional wellbeing [12, 16, 262]. Still, there 

is an existing knowledge gap on exercise related neurophysiological mechanisms 

and adaptation of functional and structural processes and its benefit for cognitive 

performance. The research objective of this cumulative doctoral thesis was to 

explore the neurophysiological relation of physical exercise on cognitive 

performance in different field settings. It was aimed to reveal neurophysiological 

benefits of exercise for the first time in various real-life settings like space 
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(microgravity in parabolic flights), ultramarathon, office and school and to further 

show its´ impact also on emotional parameters.  

 

 

VIII.1. SUMMARY OF FINDINGS 

VIII.1.1. Study 1 

For the first study in Chapter II it was hypothesized that an active (exercise) work 

break would positively affect neuro-cognitive and neuro-behavioral performance 

in contrast to a standardized and/or meditative work break. Study 1 contributed 

to the general idea that breaks, interrupting the daily office work, lead to reduced 

fatigue, control for risk at work and enhance productivity [167, 168]. 

Recommendations promoted active breaks in a workday for a better physical 

health, positive psychological effects, like the reduction of stress, and support 

work satisfaction [103] and therefore reduce the loss of productivity. In this 

respect, the aim of study 1 was to prove these beneficial effects of an active work 

break also on cognitive performance and mood, due to specific 

neurophysiological changes in brain cortical activity.  

Results revealed that different types of work breaks had different effects on mood 

and cognition of office workers. Especially the benefits of an exercise intervention 

on cognitive performance were mirrored by specific neurophysiological events 

(transient hypofrontality). The positive effect of a short bout of high intensity 

(boxing) and moderate intensity exercise (biking) on cognitive performance and 

perceived psychological state coincided with an increase in electrocortical 

activity. No increase in cortical activation could be found for a usual break or a 

meditative break, which clearly lacked in effectiveness concerning both, cortical 

activity and cognitive performance. Physical activity, could reinforce beneficial 
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effects coupled with the positive impact on stress reduction, decreased anxiety 

and the alleviation of depression [263]. The promotion of work satisfaction for 

office workers and positive psychological effects due to work breaks, could 

positively influence the growing prevalence of work-related mental health 

conditions, e.g. burnout. The results in perceived psychological state showed an 

increase only after the usual break. This was neither reflected in cortical activity 

nor in cognitive performance. The individuals´ perceptions of mental recovery 

might be due to social interactions [264]. This was different to objective 

measurements of neuro-physiological functions. In consequence, short active 

breaks were suggested to enhance and promote the recovery of workplace 

performance in office workers, albeit the existence of individual preferences. A 

work break with physical relaxation, like resting in a massage chair, did not result 

in the mentioned effects. This led to the conclusion, that intensity of activation 

could play an important role. Heart rate was significantly increased for the short 

boxing intervention, compared to all others. A positive bias towards the boxing, 

hence the novelty of the intervention for most of the participants, cannot be ruled 

out. This might have affected the results and needs to be considered in 

subsequent research. Implementing exercise-regimens into workday-routine 

should be further promoted. High-intensity but short-time exercise interventions 

might offer a valid alternative, as they lead to a quick recovery from a high 

workload with a minimum of set-up, time and cost. 

 

What study 1 adds:  

Study 1 bridges the gap between phenomenological and empirical research. 

Describing the underlying neurophysiological effects of breaks in an office work 
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day and combining subjective and objective data. No study to date has examined 

the influence of alternative break-activities on cognitive performance and related 

cortical activity in office-based employees´. 

 

 

VIII.1.2. Study 2 

For study 2 in Chapter III it was hypothesized that six hours of running will result 

in a decrease in prefrontal cortex activity, and that these changes will be 

correlated with changes in mood, flow experience and cognitive performance. 

Study 2 is linking subjective data (emotional well-being and possibly related flow 

experience) to objective neurophysiological effects and the influence on cognitive 

performance during prolonged exercise tested in the field. All of the participants 

were experienced ultramarathon runners with a personal history of a supreme 

athletic lifestyle. 

Results revealed an early effect of exercise on brain cortical activity, identified by 

a decrease in frontal activity after the first hour, which remained stable across the 

6-hours run. The decrease in cortical frontal and prefrontal activity is in line with 

previous research, showing a shift of cortical activity (transient hypofrontality) up 

to 60 min of moderate to high intensity exercise [13]. No further decline over the 

long term and no return to baseline, can be interpreted as indicator of an 

outlasting ceiling effect. Cognitive performance was not affected by the 6-hours 

run. Former research showed a decrease in working memory after an exhaustive 

exercise task [265] and a worsening of attentional processes [266]. Fatigue 

caused by exhaustive exercise is depending on peripheral and central factors 

[267]. Surprisingly, no mental fatigue due to prolonged exercise was noticeable 

in study 2. Reaction time and cognitive accuracy was not affected by several 
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hours of exercise and neurophysiological events remained constant. In former 

studies dealing with central fatigue, prolonged exercise was linked to a decrease 

in motor performance and/or (neuro-) muscular performance [185]. Mental fatigue 

is affecting mainly cognition and/or cognitive functions and therefore needs to be 

clearly distinguished from central fatigue [268]. This is in line with previous 

research reporting no effect of prolonged exercise (3 hours) on cognitive 

performance [187], especially executive functions, even if this exercise (90 min) 

is performed in the heat [188]. Changes in perceived physical state, psychological 

relaxation and perceived motivational state decreased during the 6-hours run and 

confirmed earlier studies [92]. Interestingly, perceived psychological relaxation 

was increased after the first hour, correlating with the personal feeling of flow 

condition. The term flow is used to describe a subjective internal state during 

which a person feels fully immersed in the process of an action [66], but is also 

applicable for the mental state through changes in brain activity [67]. The flow 

experience is quite rare and not easy to trigger [269]. The immersion into exercise 

(flow precondition) was possibly limited due to testing time of 8 min after each 

hour of running. Entering a flow state might enhance motor performance as well 

as the individuals` mental state based on the described neurophysiological 

processes. 

 

What study 2 adds:  

Study 2 is linking subjective data (emotional well-being and possibly related flow 

experience) to objective neurophysiological evidence (electrocortical activity and 

cognitive performance) tested in field during prolonged exercise. So far, no study 

has dealt with the effect of a 6-hours run in self-chosen intensity and its influence 
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on perceived changes in mood, flow experience, cognitive performance and 

related cortical activity.  

 

 

VIII.1.3. Study 3 

The aim of study 3 was to compare the influence of a class of aerobic exercise 

and an art class in an elementary school on brain cortical activity and possible 

effects on cognitive performance (Chapter IV). It was hypothesized that a 

physical exercise class in contrast to an arts class would result in a decrease in 

fronto-temporal cortical activity and in an improvement in academic performance.  

Results proved for the first time a central decrease in cortical activity after a 

school sports lesson. This exercise-specific neurophysiological decrease in 

cortical current density over all four lobes was clearly demonstrated, as no cortical 

changes were obtained after the art class. The neurophysiological effects could 

be set in reference to the theory of transient hypofrontality by Dietrich [270], 

assuming a shift of prefrontal and frontal cortical activity away towards the motor 

cortices, necessary to maintain physical performance, as some researchers 

assumed limited cortical resources [271]. Though, following a more general 

model of cortical arousal, the obtained data can be interpreted as a relaxed 

overall cortical state following the exercise class. These neurophysiological 

effects in study 3 were not accompanied by an increase in cognitive performance 

(standardized assessment of educational attainment and working memory). The 

beneficial effect of transient hypofrontality on cognitive performance seemed to 

be visible only after higher exercise intensities [71]. Following further studies the 

shift of resources within the brain was accompanied by a relocation of attention 

(distraction) caused by the joy of exercise [14, 71]. These changes were being 
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discussed with respect to improving attentiveness and concentration and 

underline the relaxing effect of sport, but also other minor subjects, on learning 

processes in the setting of school.  

 

What study 3 adds:  

Findings in study 3 can contribute to the understanding of the underlying 

neurophysiological effects of exercise, inducing a decrease in brain cortical 

activity, and probably have practical implications for schools. No study to date 

has examined the influence of minor or major subjects on cognitive performance 

and on related cortical activity in school students´ in a field situation.  

 

 

VIII.1.4. Studies 4-6 

Studies 4-6 in Chapter V-VII comprehensively address the impact of 

weightlessness on neuro-cognitive processes and aimed to determine the effects 

of short-term microgravity and cognitive functioning with associated 

neurocognitive markers as well as on cerebral blood flow (study 5).  

In study 4 we hypothesized that cognitive function would be enhanced during the 

short-term microgravity phase of a parabolic flight, as indicated by improved 

performance during a simple to complex reaction time task (executive function), 

which we anticipated would also be mirrored by changes in neurocognitive 

markers.  

In study 5 we aimed to identify gravity-induced changes in cerebral blood flow 

(middle cerebral artery velocity) and brain cortical activity. We hypothesized that 
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an increase in cerebral blood flow during short-term microgravity will be mirrored 

by a decrease in brain cortical activity.  

In study 6 we hypothesized that both behavioral data (processing time) as well 

as the underlying ERP signals during a complex (arithmetic and auditive) task 

would benefit from the short-term microgravity condition, and that reaction time 

would be reduced for the complex but not the simple task (auditive) in the short-

term microgravity condition, going along with a decrease in ERP amplitude. 

The data collected in several DLR and ESA parabolic flights impressively 

demonstrate a positive effect of weightlessness on cognitive performance and its 

underlying neural parameters (ERP analysis). Weightlessness is in general 

accompanied by a decline of multiple psychomotor and cognitive functions. The 

resulting deficits [76, 260] represented the main source for accidents in space 

[272] and could cause additional stress [86]. Also for parabolic flights previous 

research described an increase in stress levels during the flight as well as a 

negative effect on perceived physical and emotional state [224-226]. Results in 

these studies showed a significant shorter reaction time (RT as latency of 

appearance of the problem and the participants´ response) with increasing task 

complexity during short-term microgravity. This observation was independent of 

previous parabolic flight experience, the use of anti-nausea medication 

(Scopolamine) or stress parameters. In addition, a positive impact on neural 

processing quantified by ERPs could be shown. For study 4 a decrease of P200 

amplitude during short term microgravity was concomitant to a related 

involvement of the superior frontal and medial frontal gyrus. Although analysis of 

ERP showed a decreased amplitude of the N100-P200 complex in 

weightlessness, no distinction of task complexity was possible due to the short 

time of microgravity in each parabola (22 sec.). Accordingly study 6 was 
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conducted to further discriminate between task complexity and ERP amplitude 

and latency, comparing behavioral (RT) and neurophysiological (ERP analysis) 

performance to a simple (oddball) and a complex (mental arithmetic + oddball) 

task during weightlessness. The neurocognitive ERP components could be found 

for the simple (P300) and the complex task (N200) significantly reduced in the 

microgravity condition in study 6. However, the decrease in reaction time in 

microgravity indicated no change in task difficulty, and a general reduction in 

cortical current density in microgravity [256] did let us assume, that a task specific 

explanation might not be appropriate. Changes in gravity conditions have also 

been reported to have an impact on brain hemodynamics as well as on neuronal 

activity. Previous experiments have shown an accumulation of blood volume to 

the brain during microgravity [88]. In contrast to the initial hypothesis, no increase 

in cerebral blood flow during microgravity could be observed in study 5. Middle 

cerebral artery flow velocity (MCAv) remained unchanged in the microgravity 

condition, whereas brain cortical activity was reduced globally, as previously 

hypothesized. Both of these findings in study 5 support previous data, describing 

no gravity induced changes in MCAv during parabolic flight manoeuvres [235] 

and reduced electrocortical activity during microgravity. However, the general 

decrease in neural excitability in microgravity seemed not to be dependent on 

hemodynamic changes. These studies further link neuro-physiological 

mechanisms and cerebral hemodynamics with cognitive processing, showing 

that the effects cannot be explained by a shift in blood volume into the cortex, as 

is often assumed. This will have relevance in planning and scheduling exercise 

units to maintain mental performance during long-term missions. 
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What study 4 adds:  

Study 4 demonstrates that previous findings of a decrease in cognitive 

performance during microgravity may not be related to the gravity condition itself, 

as the results in reaction time and in the underlying early neural processes 

(Visually Evoked Potentials) seem to be enhanced in microgravity. Until now, no 

study has distinguished between the effect of short-term microgravity per se on 

cognitive performance with control for the confounding effects of stress 

parameters. 

 

What study 5 adds:  

Study 5 attempts to identify a possible link between changes in brain blood flow 

and neuronal activity during microgravity. The general decrease in neural 

excitability seems not to be dependent on hemodynamic changes in gravity 

conditions. No study today has investigated in gravity induced changes in 

cerebral blood flow and its effect on neurocognitive processing. 

 

What study 6 adds:  

In study 6 previously investigated results of enhanced neuro-cognitive 

performance during short periods of microgravity are revised, comparing 

behavioral (reaction time) and neurophysiological (event related potentials 

analysis) performance to a simple (oddball) and a complex (mental arithmetic + 

oddball) task. As task complexity plays a major role, it is assumed that neuro-

behavioral performance benefits from the gravity-induced fluid shift to the brain 

in short-term microgravity conditions. Until now, no study has measured the effect 



From Space To School – Neurophysiological Relation Of Physical Exercise And Cognitive Perfomance In Field 

 53 

of short-term microgravity on cognitive performance under the aspect of different 

levels of task complexity. 

 

 

VIII.2. LIMITATIONS AND FUTURE DIRECTIONS 

Following previous research [53] there is concurrent understanding of the 

beneficial relation between exercise and cognition. Still results are inconsistent, 

as a number of contributing factors vary, especially the possible range of 

cognitive tasks [54, 55]. Within this work the cognitive tasks were chosen for 

reasons of validity and reliability but also practical feasibility (application) within 

the field setting of each study. For the cognitive testing in study 3 the participants 

age as well as the scholar curriculum had to be considered, concerning the 

amount of time for the testing. Especially the limited amount of time for testing in 

studies 4-6, depending on the parabolas with the given very short amount of 

microgravity, restricted the possible cognitive testing methods. As the applied 

cognitive tasks were consistently assessed pre and post the interventions or 

referred to a baseline measurement, the range of task should not have a major 

impact on the results in the studies. One important concern about the reliability 

and effectiveness of interventions on mental performance was a laboratory 

setting in former research. A clinical setting will per se influence mental 

performance as various aspects are affected by an artificial environment. Due to 

the technological development, and in particular the development of modern 

methods for the detection and analysis of central nervous parameters, it is now 

possible to illustrate cortical changes provoked by sports and exercise also "in 

the field" i.e. in the immediate real-life situation and thus specify 

recommendations regarding the application of sports and exercise to preserve 
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cognitive functions and emotional well-being. Recommendations for duration and 

intensity of exercise are under constant review. The Guidelines of the American 

College of Sports Medicine (ACSM) recommend for children´s (5-17 years of age) 

healthy growth a dose of 60 minutes per day of moderate to vigorous physical 

activity. Greater daily amounts are supposed to provide additional health benefits 

[273]. Again, these Guidelines focus on physical benefits and do mostly not 

include cognitive benefits. So, further research is needed to find the optimal dose 

of exercise also for improving brain health. And for practical implications, it is of 

importance to find the optimal dose of exercise appropriate in different (age-

)groups and under the aspect of gender differences. Results of Booth et al. [194] 

suggest that gender might play a role in the way physical activity is having an 

impact on the brain. These need to be considered, also under social and 

motivational aspects, on a given task in a group setting. It appears, that in 

younger age groups the gender effect on cognitive performance is not considered 

to be very significant, whereas growing older the more influence gender might 

play [274]. These considerations need to be confirmed by further randomized 

control trials in field setting to provide essential statements for neurocognitive 

changes. The time of intervention (early in childhood or late in older age) might 

also be important for improvements and/or maintenance of cognitive health and 

function throughout the lifespan, and therefore should also be included in future 

studies. Motivating mature adults to be physically active can be seen as one of 

the main challenges in future time [58]. The design of programs capable of 

mobilizing individuals in or despite their actual live situation, is here a major aim. 

Albeit understanding of the way exercise is influencing cognitive performance is 

still limited and the existing models or theories are still to be completely verified, 

its´ impact on the brain has already been proofed by a number of studies. 
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Transferring the knowledge about the beneficially effects physical exercise 

seems to have on the body and the brains´ health and the maintenance of 

cognitive abilities in older age, might have an influence on everybody´s personal 

attitude towards physical activity.  

Results presented in this cumulative doctoral thesis also suggest that the type of 

exercise, including motivational and social aspects, is not to underestimate. Not 

only the dose of exercise and physiological parameters, like the individuals’ level 

of fitness or acute and long-term exercise need to be controlled in studies, but 

also psychological parameters, as individual preferences and comfort seem to be 

important factors when investigating in cognitive performance. Besides a regular 

participation in exercise, the importance of the individual preference, which may 

be grown out of the personal education- and socialization-history, seems crucial 

for an active living throughout the lifespan. Although results in study 1 let assume, 

that the individual preference is not the main factor for improvements, neither 

under the physical nor the neurophysiological perspective, personal preferences 

have to be considered, especially in the need to exercise on a life-long basis. 

While for many years the effects of sport and exercise on cognition and emotion 

were only indirectly reproducible, the work of this cumulative doctoral thesis, 

provides an insight into the neurophysiological changes and their relation 

provoked by sport and exercise or extreme environmental conditions in distinct 

real-live settings from space to school and on different population groups like 

parabonauts, ultramarathon runners, office workers and school children on 

cognitive and emotional parameters. Albeit further studies on neurophysiological 

correlates and the influence of personalized exercise preferences are required, it 

seems reasonable that physical exercise may enhance academic attainment and 

perceived individuals´ mood state and therefore contributes to a better health 
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over the lifespan. With respect to previous findings, future research projects 

should aim at a thorough and interdisciplinary knowledge, including 

psychological, clinical, gerontologic, gender and social aspects of exercise-

related benefits on cognitive performance and mood to contribute to the lifelong 

process of ensuring life quality. 
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IX. Summary/Zusammenfassung 
 
SUMMARY 

Following developmental changes in the last century, requirements concerning 
living and working conditions have substantially changed, with a gain of free 
leisure time but also the absence of physical labor. Subsequently, a large and 
manifold community of persons, actively engaged in sports, has grown. Today, 
at the heart of this movement lies the interest to develop and maintain health, 
primary under a preventive aspect. However, health is no longer reduced to 
physical health alone, but as proofed by studies from the past two decades, 
sports and exercise also have a positive effect on cognitive performance and 
emotional well-being. In recent years, an interest to investigate further in the 
neurophysiological changes provoked by sports and exercise and their 
relationship to observed behavioral, cognitive and emotional parameters has 
evolved. Previous research was often limited to the artificial laboratory situation. 
Due to the technological development, and in particular the development of 
modern methods for the detection and analysis of central nervous parameters, it 
is now possible to illustrate cortical changes provoked by sports and exercise 
also "in the field" i.e. in the immediate real-life situation and thus specify 
recommendations regarding the application of sports and exercise to preserve 
cognitive functions and emotional well-being. Chapter I introduces the five 
studies and topics underlying this cumulative doctoral thesis. The first study in 
Chapter II deals with the question how an active break in the office can maintain 
cognitive performance. The results show that both high-intensity exercise 
(boxing) and moderate exercise (cycling) are associated with special cortical 
activation patterns (transient hypofrontality), which is reflected in an increase in 
cognitive performance after the work break. Chapter III addresses the issue of 
central nervous fatigue during a 6-hour Ultramarathon. While there is an initial 
decrease in fronto-temporal activity, which, interestingly, correlates with the 
personal feeling of a flow condition, the data for the next five hours show no 
cortical fatigue nor decrease in cognitive performance during such prolonged 
endurance exercise. The following study in an elementary school in Chapter IV 
proves for the first time a central decrease in cortical activity after a school sports 
lesson. These changes are being discussed with respect to improving 
attentiveness and concentration and underline the relaxing effect of sport, but 
also other minor subjects such as music and art, on learning processes in the 
school setting. Chapters V-VII comprehensively address the impact of 
weightlessness on neuro-cognitive processes. The data collected in several DLR 
and ESA parabolic flights impressively demonstrate a positive effect of 
weightlessness on cognitive performance and its underlying neural parameters 
(ERP analysis). These effects cannot be explained by a shift in blood volume into 
the cortex, as is often assumed. For the first time, these studies show that there 
is an urgent need to differentiate between primary effects of weightlessness and 
secondary effects of stress and isolation on cognition and emotion during future 
long-term missions. In particular, this will have relevance in planning and 
scheduling exercise units to maintain mental performance during long-term 
missions. Chapter VIII summarizes the questions and approaches raised in the 
introduction to an overall picture and demonstrates the relevance of modern 
neuroscience research. While for many years the effects of sport and exercise 
on cognition and emotion were only indirectly reproducible, the work of this 
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cumulative doctoral thesis in various real-live settings, provides an insight into 
the neurophysiological changes and their relation provoked by sport and exercise 
or extreme environmental conditions to cognitive and emotional parameters. 
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ZUSAMMENFASSUNG 

Bedingt durch weit reichende Veränderungen in den Lebens- und 
Arbeitsbedingungen, dem damit verbundenen Gewinn an Freizeit, aber auch 
dem Verlust der Notwendigkeit körperlicher Erwerbstätigkeit, ist in den 
vergangenen Jahrzehnten eine große und vielfältige Gemeinde aktiv Sport 
Treibender gewachsen. Im Zentrum dieser Bewegung steht heute vor allem der 
Wunsch, präventiv im Sinne der Gesundheit zu handeln. Gesundheit wird jedoch 
nicht mehr allein auf die körperliche Gesundheit reduziert, sondern Sport und 
Bewegung, das zeigen Studien der vergangenen zwei Dekaden, wirken auch 
positiv auf die kognitive Leistungsfähigkeit und das emotionale Wohlbefinden. 
Zunehmend ist in den vergangenen Jahren auch ein Interesse an den durch 
Sport und Bewegung provozierten neurophysiologischen Veränderungen und 
deren Beziehung zu beobachteten behavioralen, kognitiven und emotionalen 
Parametern entstanden. Eine Limitierung bestehender Forschungsarbeiten lag 
dabei in der oft künstlichen Laborsituation. Bedingt durch die technologische 
Entwicklung und hier insbesondere der Entwicklung moderner Verfahren zur 
Erfassung und Analyse zentralnervöser Parameter ist es heute möglich, die 
durch Sport und Bewegung provozierten kortikalen Veränderungen auch „im 
Feld“, d.h. in der unmittelbaren Lebenssituation abzubilden und damit deutlich 
konkretere Empfehlung bzgl. des Einsatzes von Sport und Bewegung zum Erhalt 
der kognitiven Funktionen und dem emotionalen Wohlbefinden auszusprechen. 
Kapitel I gibt eine Einführung in die fünf dieser kumulativen Promotion 
zugrundeliegenden Studien und Themenfelder. Die erste Studie in Kapitel II 
beschäftigt sich mit der Frage, inwieweit eine aktive Pausengestaltung am 
Arbeitsplatz die kognitive Leistungsfähigkeit erhalten kann. Die Ergebnisse 
belegen, dass sowohl eine hochintensive Belastung (Boxen) als auch eine 
moderate Belastung (Radfahren) verbunden sind mit speziellen kortikalen 
Aktivierungsmustern (transiente Hypofrontalität), welche sich in einer Erhöhung 
der kognitiven Leistungsfähigkeit im Anschluss an die Pause widerspiegelt. 
Kapitel III beschäftigt sich mit der Frage nach der zentralnervösen Ermüdung 
während eines 6-stündigen Ultra-Marathonlaufs. Während es zu Beginn zu einer 
Abnahme fronto-temporaler Aktivität kommt, was interessanterweise mit dem 
persönlichen Empfinden eines Flow Zustandes korreliert, zeigen die Daten der 
folgenden fünf Stunden, dass es während einer solch langandauernden 
Ausdauerbelastung weder zu einer kortikalen Ermüdung, noch zu einer Abnahme 
der kognitiven Leistungsfähigkeit kommt. Die folgende Studie in der Grundschule 
in Kapitel IV belegt erstmals eine zentrale Abnahme der kortikalen 
Erregungsaktivität nach einer Schulsportstunde. Diese Veränderung wird 
diskutiert mit Blick auf eine Verbesserung der Aufmerksamkeits- und der 
Konzentrationsfähigkeit und unterstreicht die relaxierende Wirkung von Sport, 
aber auch anderen Nebenfächern wie Musik und Kunst, auf Lernprozesse im 
Setting Schule. Die Kapitel V-VII behandeln umfassend die Auswirkung von 
Schwerelosigkeit auf neuro-kognitive Prozesse. Die in mehreren DLR und ESA 
Parabelflügen erhobenen Daten belegen eindrücklich eine positiven Effekt von 
Schwerelosigkeit auf die kognitive Leistungsfähigkeit und deren 
zugrundeliegenden neuronalen Parameter (ERP Analyse). Diese Effekte sind 
nicht, wie oftmals angenommen, mit einer Verschiebung von Blutvolumina in den 
Kortex zu erklären. Erstmals wird mit diesen Studien belegt, dass es dringend 
nötig ist während zukünftiger Langzeitmissionen zu differenzieren zwischen 
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primären Effekten von Schwerelosigkeit und sekundären Effekten von Stress und 
Isolation auf Kognition und Emotion. Insbesondere wird dies von Relevanz in der 
Planung und Terminierung von Sporteinheiten zum Erhalt der mentalen 
Leistungsfähigkeit während Langzeitmissionen haben. Kapitel VIII führt die in der 
Einleitung aufgeworfenen Fragen und Ansätze zu einem Gesamtbild zusammen 
und belegt die Relevanz einer modernen bewegungsneurowissenschaftlichen 
Forschung. Während lange Jahre die Effekte von Sport und Bewegung auf 
Kognition und Emotion nur mittelbar abbildbar waren, ermöglichen die Arbeiten 
dieser Promotion, in verschiedenen Real-Live-Settings, einen Einblick in die 
durch Sport und Bewegung bzw. extremen Umweltbedingungen provozierten 
neurophysiologischen Veränderungen und deren Relation zu kognitiven und 
emotionalen Parametern. 
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