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ABSTRACT

Physical inactivity is a wide-spread phenomenonhm Western world. It has
detrimental influences on health, resulting in tharth-leading risk factor of global
mortality. In addition to being an effective toarfimproving physical health, physical
activity can also serve to improve mental healthe Tpresent dissertation aims at
investigating the potential benefits of physicaltivaty for affect and executive
functions, both representing aspects of mentalttne@b be more precise, the research
aim of the present dissertation is trifold. Fitee associations between physical activity
and affect in young adults’ daily lives are invgated by applying ambulatory
assessmentManuscript ). Second, the application of ambulatory assessnmetite
school context, including the assessment of phlysactvity, affect and executive
functions, and its advantages for supporting edocat success are reviewed
(Manuscript 3. Third, the effectiveness of a physical activitytervention for
improving executive functions in young children irsvestigated in a standardized
intervention study Nlanuscript 3. Thereby, the present dissertation extends and
enriches theoretical and empirical knowledge in ways. On the one hand, it focuses
in particular on the transfer of effects into ewy life by relying on ambulatory
assessment. On the other hand, it targets spagécgroups, young adults and young
children, that seem to be highly susceptible fa llenefits of physical activity since
young adults’ affect is especially low and youngdren’s executive functions are still
developing.

Manuscript linvestigated the associations between physicaligcand affect
in young adults’ daily lives. Ambulatory assessmevds applied in an intensive
longitudinal study, conducted in 189 young adultsoas 10 consecutive days.
Participants wore accelerometers to objectivelyesssnoderate-to-vigorous physical
activity continuously throughout the day and reedrtheir affect in time-stamped
online diaries before going to sleep. Multilevelabises revealed significant within-
person associations between daytime physical actwid same-day’s evening affect.
On days when participants engaged in more actitidyn usual, they reported not only
less depressed and less angry affect in the evebirigalso more vigor and serenity.
These results extend previous findings with evideonbtained in real life and by

focusing on the associations between physical iactwnd specific affect states. Further
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on, the results of this manuscript allow derivingagtical implications for health
promotion programs for young adults.

Manuscript 2provided a literature review on the application ashbulatory
assessment in the school context. It introducedudatdry assessment as a method that
enables investigating fluctuations in physiologiaatl mental processes within students
and teachers. Specifically, applying ambulatory eassient methods can detect
intraindividual changes and fluctuations in behealide.g., physical activity), affective,
and cognitive (e.g. executive functions) processgsthey naturally occur within a
school day or across days. Thereby, a high ecabgialidity can be reached and
contextual factors of various modalities are asd#es Moreover, the results of
ambulatory assessment studies in school can lafothmelation for developing theories
on the etiology of academic achievement. Consetuehts manuscript highlights the
benefits of applying ambulatory assessment in ddieosupport educational success.

Manuscript 3described a standardized intervention study in yidhg children
that tests the effectiveness of acute physicaViagctior improving executive functions
and also takes the moderating influence of previnatr coordination experiences into
account. Children were randomly assigned to a physactivity or sitting control
condition, both conducted in a one-on-one experiarechild setting. Executive
functions were assessed with two tasks directljofohg the interventions. Motor
coordination experiences were measured with a pEreuestionnaire. Regression
analyses revealed no difference in both executinetfon tasks between children in the
physical activity compared to the control conditibfowever, individual differences in
children’s motor coordination experiences moderateel effectiveness of physical
activity for executive functions. Children with lew levels of motor coordination
experiences showed negative effects of physicalvigcton executive functions
compared to a sitting activity, whereas childrethwiigher levels of motor coordination
experiences showed a trend indicating positivecesfef physical activity on executive
functions. These results allow drawing causal griees about the effects of physical
activity on executive functions and extend priondings by its application of
standardized methods in young children. Furtherpanactical implications for the use
of physical activity in early education can be ded.

As a whole, the present dissertation shows thasipllyactivity can serve as a
tool for enhancing affect in young adults and exigeufunctions in young children, and

thus, for improving mental health. In addition, ubderlines the value of applying
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ambulatory assessment to obtain evidence in rialahd in particular in the school
context to support education. Consequently, thesgmie dissertation contributes
conceptual knowledge about the potential of physc#vity for improving affect and

executive functions. Practical implications for h@hysical activity can be used to

support health and education are discussed togettiedirections for future research.



1 INTRODUCTION

The way we spend our time has greatly changedeifMtbastern world during the
last decades. The increasing mechanization andhitlon have not only led to
notable improvements in everyday life, but alssedinew challenges, as for instance to
maintain a physically active lifestyle (Vaynman &®@ez-Pinilla, 2006). Today, 95%
of adults and 58% of children show less daily ptgisactivity (Troiano et al., 2008)
than advised by national and international recondagans for health prevention
(American Heart Association, 2016; European Workargup, 2008). In fact, physical
inactivity constitutes the fourth leading risk factfor global mortality nowadays
(World Health Organization [WHO], 2014). Engaging physical activity, however,
bears multiple advantages not only for physicaltheaut also for mental health. Prior
evidence demonstrates that physical activity camlgng with improvednental health
(Deslandes et al., 2009; for a definition of meialth, see Galderisi, Heinz, Kastrup,
Beezhold, & Sartorius, 2015), ranging from enhaneetl-being such as affect (Conn,
2010) to enhancedognitive functioningsuch as executive functions (Colcombe &
Kramer, 2003). When considering the importance ehtal health on the individual
level, it becomes apparent that it is a preconditay high levels of social and academic
functioning. Individuals with high well-being do nonly feel better, but can also better
cope with their environment and also show betteysigal health (Diener & Chan,
2011). High cognitive functioning can support indivals to be successful in their
academic lives (e.g., Prel3ler, Kbnen, HasselhorrKr&ewski, 2014) and thereby
strengthens educational and occupational succegsyiAg a more general perspective,
societies benefit from fostering mental health leditt citizens as this goes along with
decreased health care costs as well as with marigable social interactions (WHO,
2013). Consequently, research on the potentialhgbipal activity for improving (a)
well-being, such as affect, and (b) cognitive fiumuing, such as executive functions, is
needed. A more detailed knowledge of how to usesiphl activity to achieve benefits
for well-being and cognitive functioning can ingpihealth promotion programs and
support education.

The potential of physical activity to improve (ajfectas one aspect of well-
being is oftentimes considered common knowledge. Affesfens to transient and
subjective episodes of feelings easily changeapledmtext (Cranford et al., 2006).
Most individuals are convinced that they feel bettier having engaged in physical
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activity. In line with this hypothesis, previousi@ence suggests that physical activity
interventions improve affect (Mammen & Faulkner12p) However, two important
aspects are worth to be considered and are largetyed in most prior studies: First,
affect varies across the life span with young ad(le., aged 20 to 30 years) reporting
particularly low well-being (Carstensen et al., 20IThus, evidence for young adults is
especially valuable to indicate whether physicdiviag is an effective means for
promoting affect in young adults. Second, how weave and how we feel is constantly
changing from day to day and from situation to aiten. Therefore, to infer whether
actual physical activity in everyday life goes aowith improved affect, a research
design that captures naturally occurring physicaivly and affect in everyday life is
needed. One approach that tries to get closerablife and to increase ecological
validity is ambulatory assessmentrepeated assessments of the same individuedalin
time and in everyday life (Trull & Ebner-PriemerQ12). Studies using ambulatory
assessment can point out how young adults incampqiaysical activity in their lives
and whether they experience mental health benie@ta it, such as improved affect.
These results can corroborate previous findingh eiidence obtained in real life and
lead to practical implications for health promotion

Beside the advantage of applying ambulatory assa#sfor investigating the
potential of physical activity for improving affecin a broader perspective it is an
advantageous approach for studying fluctuationspiysical activity, affect and
executive functions in everyday life. One importdigid for applying ambulatory
assessment is the school context. Schools as @&hajainstitutions have the aim to
consistently foster positive changes in studentsidamic achievements. Ambulatory
assessment can be used to shed light on thosénlg@mocesses targeted in schools. To
date, learning processes are oftentimes evaluatdd half-term exams or monthly
teacher-reports in daily school practice. In thenesavein, most studies assess
longitudinal changes in learning processes acreassy so far (Hasselhorn, Schneider,
& Trautwein, 2014). However, fluctuations in proses related to academic
achievement are also naturally occurring in shotitee frames, such as day-to-day
changes in physical activity, affect or executivedtions. Ambulatory assessment can
be applied to investigate these learning-relevaotgsses in real time in daily school
life. Preliminary evidence demonstrates that resisim ambulatory assessment studies
can inform our understanding of antecedents andemprences influencing academic

achievement. These results can broaden our etoaloghderstanding of educational
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success. Thus, applying ambulatory assessmenhookscis promising and needs to be
promoted for a more wide-spread application. Funtioee, beyond the identification

and assessment of learning processes, the questidactors that improve those

processes arise. One factor potentially contrilgutm improved learning processes is
physical activity.

The potential of physical activity to improve (bxecutive functiongs one
aspect of cognitive functioninggains increasing popularity in the media and iersce.

In this way, authors encourage the general populafor instance to “Be smart,

exercise your heart” (Hillman, Erickson, & Kram@Q08, p.58). Executive functions
are the cognitive aspect of self-regulation thdérseto the regulation of behaviour,
cognition, and emotion (Blair & Ursache, 2011). ingrearly childhood (i.e., 4 to 7

years), executive functions develop (Garon, Brysorgmith, 2008). Early executive

functions are already crucial for learning procesde this way, young children’s

executive functions can predict later academic eadment and thus, educational
success (Blair & Razza, 2007; Prel3ler et al., 200H4@refore, executive functions seem
to be a suitable operationalization of cognitivendiioning relevant for children’s

educational success. Studies in adults demondtratephysical activity interventions

can increase subsequent executive functions (BargniBerse, & Dutke, 2011).

However, to derive implications for education, tledéfects of physical activity

interventions have to be investigated in childré&iven the lack of evidence,

standardized intervention studies in young childaes highly needed to inform policy
makers and educational institutions about the daeiacts of physical activity on

improved cognitive functioning, such as executivections.

Taken together, the overarching goal of the predessertation is to incorporate
ambulatory assessment and intervention methodsnf@stigating whether physical
activity has the potential to improve affect ancde@xive functions. In addition, the
present dissertation reviews the value of applynmdpulatory assessment in the school
context. To be more precise, the present dissemtatindertakes three research
endeavours. First, we investigated the associdigiween physical activity and affect
in young adults’ daily lives by applying the inndive research approach of ambulatory
assessment iManuscript 1 Second, we reviewed ambulatory assessment stadoks
their advantages and challenges for exploring Iegrmprocesses in school in

Manuscript 2 Third, we investigated the effectiveness of a gutgl activity
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intervention to improve executive functions in ygurchildren by applying a
standardized intervention studyManuscript 3
The present dissertation is structured into foulptérs, following this

introduction section. Chapter 2 presents the theateand empirical background for
investigating the potential of physical activityr faffect and executive functions and
introduces the promising method of ambulatory assest. Chapter 3 summarizes the
resulting research aims. Chapter 4 gives an owernoger the three manuscripts.
Finally, in Chapter 5 the main findings of the #am@anuscripts and their implications

for research and practice are discussed.
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2 THEORETICAL AND EMPIRICAL
BACKGROUND

The following sections are dedicated to introduwe theoretical and empirical
background of the present dissertation. Sectionritrbduces physical activity and its
assessment in adults and children. In Sectionalribulatory assessment is defined and
the advantages and challenges are summarized oi%ec® targets the potential of
physical activity to improve affect and outlinesettadvantageous application of
ambulatory assessment for this association. Sedtidnfocuses on the potential of
physical activity to improve executive functionslgresents mechanisms that influence
the development of an effective physical activitiervention.

2.1 Physical Activity

Physical activity may have the potential to improafect and executive
functions. Moreover, research on physical actiaity its effects on affect and executive
functionsis highly promising to support health promotion adlcation. This section
introduces the concept and assessment of physaality and thereby lays the
foundation for research on the potential of physaivity, presented in Section 2.3
and Section 2.4. Section 2.1.1 starts with thendefn and characteristics of physical
activity. Section 2.1.2 focuses on available measuor physical activity. Finally,
Section 2.1.3 closes with the transfer of theseeptual and methodological notions to

the application within the present dissertation.

2.1.1 Definition of physical activity

Physical activity can be defined as “any bodily mment produced by skeletal
muscles that requires energy expenditure” (CaspemBewell, & Christenson, 1985,
p.126). To describe physical activity, quantitataed qualitative aspects have been
identified. Importantly, the effectiveness of ploaiactivity for improving affect and
executive functions depends on these aspects. fhastitative and qualitative aspects

of physical activity will be specified in the follng.
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Physical activity is predominantly described witbgard to itsquantitative
aspects, such as its (a) duration, (b) frequenuy,(e) intensity (Pesce, 2012; Strath et
al., 2013). The duration and frequency of physacdivity are assessed by recording the
(a) time length and the (b) frequency of occurre(eg., daily, weekly) of physical
activity. With regard to the frequency, the ternfissoute and chronic physical activity
have been used to distinguish between physicaligcfierformed on a single-occasion
and regularly repeated physical activity. The (tgmsity level of physical activity can
be described in terms of the energy expenditureishdetermined by the “amount of
muscle mass producing bodily movements and thasitie duration and frequency of
muscular contractions” (Caspersen et al., 19827%).1t can objectively be assessed by
various methods, as for instance by recording theatcbn and frequency of an
individual’'s heart rate or body acceleration. Theseords can then be referred to an
individual’s maximal capacity level (i.e., as pertage of maximal aerobic capacity/
oxygen uptake [VO2max]) or to generally valid refece values of energy expenditure
(i.,e., metabolic equivalent of task [MET]). Thus$etthree quantitative aspects of
physical activity are used to compute the intenleitAel of a given physical activity that
is specific for an individual or generally validx&mplary activities pertaining to

different levels of intensity are shown in Table 1.

Table 1 Physical activity: Classification based on integgiinsworth et al., 1993; Strath et

al., 2013)
Intensity level VO2max (%) MET Exemplary activities
Light <44 <29 walking below 4 km/h; stretching
Moderate 44-59 3.0-5.9 walking with 4-7 km/h; cycling <16km/h;
o household activities, such as mopping up
Vigorous > 60 > 6.0 running with >7km/h; cycling >16km/h; team

games, such as basketball, handball

Note VO2max: maximal aerobic capacity in percent; METdicate metabolic equivalents, 1 MET refers to an
adult's energy expenditure during rest correspamdinan oxygen uptake of 3.5 ml per kg of body \weig
per minute (Ainsworth et al., 1993).

Beside those quantitative aspects of physical igtivecently, many claims
have been raised to shift also towards thmlitative aspects to describe physical
activity (Tomporowski, McCullick, Pendleton, & Pes?015; Pesce, 2012), such as its
(d) type and structure (e.g., Caspersen et al.5)188 well as its (e) context (e.g.,

Kanning, 2013). As depicted in Table 1, physicaivay within one intensity level can
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vary greatly ranging from cycling to mopping up.yBical activity can be differentiated
with regard to its (d) type and structure resultingspontaneous or unstructured
activities, such as household or commuting acésiticompared to intended and
structured activities, such asxercise Exercise is defined as planned, structured,
repetitive physical activity with the aim to impmyphysical fithes{Caspersen et al.,
1985, p.128). Physical fitness refers to five Headlated components: cardiorespiratory
endurance, body composition, muscular strength,colas endurance, and flexibility,
or seven skill-related components: agility, balanceordination, speed, power and
reaction time (Caspersen et al., 1985). Thus, eedemands can vary depending on
which physical fitness component is targeted. Timgefor example the skill-related
component coordination requires an exercise to haster coordination demands, such
as bilateral coordination exercises. Motor coortiomg in turn, is defined as the
interplay between the central nervous system aedntliscular system to perform
purposeful movement sequences (Neumaier, 2006 ki¢dtyactivity in everyday life
comprises exercise as well as non-exercise aevitVloreover, various definitions of
the (e) context of physical activity have been useslfor instance whether physical
activity is performed alone or with others (i.eitwwhom?; Dunton, Liao, Intille, Huh,

& Leventhal, 2015) or during working versus leistiree (i.e., where?; Kanning, 2013).

2.1.2 Assessment of physical activity

To investigate correlates or effects of physicaivdy, accurate assessments are
indispensable. In the following, direct and indireeeasures of physical activity are
compared. Moreover, physical activity behavioudiféerent for children and adults and
these age-specifics need to be considered in decasaessments.

Quantitative and qualitative aspects of physicalviag can be assessed by
indirect or direct measuremdirect measuresre self-reports that ask participants to
indicate their physical activity behavior. Self-oefs can assess quantitative and
qualitative aspects, ranging from the durationgdency and intensity of physical
activity and thereby related estimations of enexgyenditure to the type and context of
physical activity. One of the most commonly usedf-port for adults is the
International Physical Activity Questionnaire (IPAQraig et al., 2003) freely available
in short and long form and multiple languages ¢htgaq.ki.se/). In the short form, for
instance, participants are asked about the timgdpent being physically active in the
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last 7 days with regard to different intensity lesvelhey indicate the frequency (days
per week) and duration (minutes per day) they Hmen physically active in different
intensity levels (light, moderate, vigorous). Cansently, the weekly energy
expenditure can be estimated by referring to asiflaation of physical activity to
METs (Craig et al., 2003). Self-reports are ofteediin studies with large sample sizes
due to their low costs and easy applicability (Waret al., 2010). Moreover, they
provide the possibility to assess qualitative atpetphysical activity, such as the type
and context. However, reliability, sensitivity aadlidity of self-reports are rather low
since responses are often biased by social ddgiyadmnd the cognitive demands of
recall (Warren et al., 2010). In addition, for cinén, self-reports may be unreliable and
parent-reports are often biased resulting in lichitalidity (Kohl, Fulton, & Caspersen,
2000).

Direct measuresof physical activity include wearable motion seassde.g.,
accelerometers), heart rate monitors, direct olasenv, calorimetry or doubly labelled
water (Warren et al., 2010). Direct measures cancdleed more objective since
influences of memory effects and social desirabilire ruled out. Importantly,
differences between the mentioned direct measueesetated to accuracy and costs.
The calorimetry or doubly labelled water method, iftstance, provide highly precise
estimations of the energy expenditure, while these only applicable under
standardized laboratory conditions. Wearable moéind heart rate sensors can assess
the duration and frequency of physical activity,ilehthe intensity is assessed by
estimating energy expenditure based on sampledletsv of acceleration or heart rate.
Accelerometers and heart rate monitors have beemvrshas valid and accurate
measures usable in field and laboratory studiek velatively low costs (Kelly et al.,
2013; McMinn, Acharya, Rowe, Gray, & Allan, 2013a8qui, Bonomi, & Westerterp,
2013; Strath et al., 2000).

Accelerometers, such as the Actigraph GT3x+ (Aapbr 2013) used in
Manuscript 1 are small devices attached on the waistband aithelt. The GT3x+
assesses acceleration of the trunk along threeeléire., horizontal, vertical, and
perpendicular axes). Raw data of accelerationes thandpass-filtered, aggregated into
epochs, wear-time validated and transformed intlmtoper minutes (CPM) based on
validated cut-points (e.g., for adults: Sasaki,njata Freedson, 2011). The cut-points
indicate energy expenditure allowing estimationsqoantitative aspects of physical

activity. Advantageous of the use of accelerometges the high accuracy and low
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participant burden, while the processing of the reata (e.g., cut-point based
categorization) as well as their limitation to decations of the trunk excluding for
instance strength training or upper body movemeasbe criticized. Moreover, water-
based activities are excluded due to non-waterprbofost accelerometers.

Heart rate monitors can measure electrocardiograpiginals to indicate the
intensity of physical activity. One example is thkegMove (Movisens®, Karlsruhe,
Germany) used iManuscript 3 It is a small device (62.3 mm 38.6 mmx 10.5 mm)
that can be attached at participant’s thorax, athttight of the sternum, with adhesive
disposable electrodes. Raw data is aggregatecptohs and transformed into average
heart rates per epoch (DataAnalyzer 1.7; Moviser&®lsruhe, Germany). Moreover,
data validation by removing sampling artefactsasassary (e.g., removing illogically
low or high values; de Bock et al., 2010). One adlvge of using heart rate measures is
their high accuracy in assessing the intensity |Jesice heart rate values can be
referred to the individual level of the VO2max. Hewer, oftentimes age-dependent
norms of the VO2max are used (e.g., estimated V&®3ameachildren = 208 - 0.4 age;
Mahon, Marjerrison, Lee, Woodruff, & Hanna, 2010h accurately assess the heart
rate, other factors influencing the heart rate,hsas a high ambient temperature or
emotional stress (Freedson & Miller, 2000), havédoconsidered. This could be done
by assessing participants’ heart rates in the saamglardized setting.

Comparisons between indirect and direct measurghydical activity provide
strong support for direct measures. One meta-asatysl73 studies shows only low
agreement of self-reports and more objective measaf physical activity, such as
accelerometers, in adults £ .37,SD= 0.25, Prince et al., 2008). To be more precise,
the quantitative amount of physical activity thetsubjectively reported is often higher
than in objective records. The reasons for thitkedshce are still in debate (Bussmann
& Ebner-Priemer, 2012) and it could be that seffarés and objective records assess
different constructs of physical activity.

Further on, assessments of physical activity haveohsider age differences to
provide accurate measures. Children and adultsrdiffthe amount and in the way they
engage in physical activity: Children in the presahyears engage more often in
physical activity than young adults (Sigmund, Steix; Miklankova, & Fromel, 2007).
Moreover, in everyday life, children engage often dpontaneous short bouts of
physical activity with high variations of intensigle Bock et al., 2010), whereas adults

engage in longer bouts of physical activity withimhaslow changes of intensity. As a
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consequence, objective assessments of childrerysigath activity have to focus on
shorter epoch lengths than for adults due to tlgd Wariability of physical activity

observed in children.

2.1.3 Physical activity as investigated in the present dsertation

Defining physical activity is very helpful for undganding the present research
aims and for deriving practical implications. Moveo, preliminary evidence supports
the notion that quantitative and qualitative asp@ttphysical activity have differential
effects on mental health, such as affect (Dunnyetii & O'Neal, 2001), and on
cognitive functioning, such as executive functighemporowski et al., 2015). Previous
studies highlight for instance the effectivenespbysical activity with moderate-to-
vigorous intensity for improving affect (e.g., Lajgh, Schmid, Gawrilow, & Stadler,
2016) and of physical activity with motor coordioat demands for improving
executive functions (e.g., Budde, Voelcker-Reh&jetral3yk-Kendziorra, Ribeiro, &
Tidow, 2008). Consequently, we investigated physaddivity in its most promising
forms. Manuscript 1 investigates every moderate-to-vigorous physicativigy
individuals engage in in during daytime and hows tamount of physical activity is
associated with affect in everyday lifielanuscript 3implements physical activity in
form of an exercise intervention with one sessidnfixed duration, moderate-to-
vigorous intensity and motor coordination demandsirtvestigate the causal link
between physical activity and executive functions.

Besides, the accuracy of assessments influencedatiaequality. In line with
this, direct and objective assessments of physc#lity are claimed as the gold
standard for capturing physical activity in everydiée (Trull & Ebner-Priemer, 2013)
and overcome the limitations associated with sgibrts. Moreover, assessments have
to be adapted to participant’s age. Consequemtlyhe studies oManuscript 1and3
we used direct measures, such as accelerometerdieart rate monitors, in age-
appropriate analyses, such as short epoch lengtttsldren, to assess physical activity.
Furthermore, by using direct measures of physiadlvity that realize repeated
assessments within individuals in real time and tda, we applied ambulatory

assessment of physical activityManuscript 1land3.



2 THEORETICAL AND EMPIRICAL BACKGROUND 18

2.2 Ambulatory Assessment

Behavior, such as physical activity, affect and rabgns, such as executive
functions, vary across situations and across tilnee consider for instance how we
felt yesterday evening compared to the current nmbmehanges are intuitively
observable. Moreover, when thinking back to thekeed, our daily level of physical
activity may have been different from a normal wiogkday. Importantly, to investigate
these constructs in everyday life, assessmenegtest are needed that take into account
fluctuations from situation-to-situation or time#pbto-time-point. Ambulatory
assessmenmepresents one research tool suitable for cagiuhiese fluctuations. Section
2.2.1 introduces ambulatory assessment and itsousrivariants. Section 2.2.2
summarizes the advantages of ambulatory assesstwerg with challenges. Section
2.2.3 presents two applications of ambulatory assest within the present dissertation

and their benefit for supporting health and edwocati

2.2.1 Definition and historical development of ambulatoryassessment

Ambulatory assessméntan be referred to as an umbrella term subsuming
research methods that aim at capturing fluctuatieiisin-persons in real time and in
real life across a fixed period of tim&dciety for Ambulatory Assessmeftull
& Ebner-Priemer, 2014). Importantly, this definiticexcludes assessments that are
retrospective or take place in experimental lalwoie$. In addition, one defining
characteristic of ambulatory assessment isintensive longitudinal designvhere
closely repeated assessments are taken withiname sndividuals in their natural
environment (Bolger & Laurenceau, 2013). Beside uh@rella term of ambulatory
assessment, there exist multiple similar methodsh sas experience sampling,
ecological momentary assessment, real-time datauregpor daily diaries. These
methods can be differentiated by originally distinesearch aims and consequently
different assessment strategies (Bolger & Lauranc@813; Trull & Ebner-Priemer,
2014). For examplecological momentary assessmesntnainly based on multiple self-

report assessments per day in the situations efasit via hand-held computers such as

! Some authors restrict ambulatory assessment asstsents using portable devices thereby excluding
paper-pencil-assessments or online diaries (FabrgntMyrtek, Pawlik, & Perrez, 2007). However,
ambulatory assessment can also include these ams@Esstrategies since they may also allow
assessments in real life and real time.
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personal digital assistants. In contradgily diaries focus rather on one single
assessment per day via paper-pencil or online iguestires. The research aims and the
fluctuations of interest determine the assessmeategies of ambulatory assessment,
such as the sampling plan or design and the seteatf assessment methods
(Fahrenberg, Myrtek, Pawlik, & Perrez, 2007). Arewew over six distinguishable
assessment strategies is given in Table 2. AssesStnategies can be categorized with
regard to their level of structuration, rangingnfrccontinuous monitoring without
instructions to controlled monitoring restricteddefined settings. In addition, at level 2
of structuration, assessment strategies diffehénvtay how they signal the participants

to take part in one assessment point.
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Table2 Sampling strategies of ambulatory assessments {eddmm Bolger, 2013, pp.14-21,
and Fahrenberg, 2007, pp.208—-209)

Level Strategy Syrlcérr]ri/]r:ous Description Examples of application

1 Continuous  Ambulatory A ‘data stream’ is Recording of participant’s
monitoring monitoring  continuously assessed  physical activity with

without further accelerometers across the
intervention. whole day (e.g.,
Manuscript 3

2 Interval- Daily diaries At predefined time-points Participants have to
contingent participants have to answer self-reports of
monitoring answer self-reports, solve their current affect states

cognitive tasks or use before going to sleep
physiological monitors.  (e.g.,Manuscript 3

2 Signal- Experience When prompted by the  Participants have to
contingent sampling, researcher, participants answer self-reports when
monitoring ecological have to answer self- hearing an acoustic signal

momentary reports, solve cognitive  on their smartphone.
assessment tasks or use physiological
monitors.

2 Event- Every time a predefined Participants have to
contingent event has taken place, indicate their current
monitoring participants have to affect after having had a

answer self-reports, solve social interaction for at
cognitive tasks or use least 10 minutes.
physiological monitors.

2 Device- Interactive  Real-time analyses of An increase in
contingent  monitoring, recordings trigger participant’s heart rate
monitoring  context-aware participants to answer leads to prompting this

experience self-reports, solve participant to indicate
sampling  cognitive tasks or use his/her current affect
physiological monitors.  state.

3 Controlled/ Recording is restricted to Participants are asked
structured predefined natural or about their current affect
monitoring arranged settings. in their working time and

during leisure time.

Ambulatory assessment can refer to various assessmethods ranging from

self- or third-party reports (e.g., questionnairesjlirect and more objective measures
of behavior (e.g., accelerometers), as indicatedrable 2. Importantly, to ensure
assessment quality, the standards of psychologgsting have to be fulfilled. This
means that reliability, validity, and objectivitave to be tested for any measure used in
the specific case of repeated assessments in eyetyd (Hubley & Zumbo, 2013;
Shrout & Lane, 2012).
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Historically, psychological research applying andbaly assessment can be
dated back to Wilhelm Wundt (Wilhelm, Perrez, & Haw2012). As early as 1882,
Hodges conducted a case study in everyday life diggupedometers to objectively
assess physical activity at the working place (@lithet al., 2012). In the 1940’s, social
psychologist Allport emphasized that “Psychologgdeeto concern itself with life as it
is lived” (1942, p. 56) and requested to sampleseountive and comprehensive
documentations of everyday life. Subsequently, dagmbulatory assessment studies
uncovered meaningful phenomena that have beent latenonventional laboratory
studies or even contradicted results obtained énlalboratory (e.g., Buse & Pawlik,
1984). In the 1980’s, advancements in the techmmabgdomain (e.g., hand held
computers; Fahrenberg et al., 2007) and in steaistanalyses (e.g., multilevel
modeling; Bryk & Raudenbush, 1987) supported theliegtion of ambulatory
assessments. During the last 10 years an expohiectiease of ambulatory assessment
studies has been documented (Bolger & Laurence@il)2 Today, the wide spread
usage of smartphones and monitoring devices inydagrlife (e.g., pedometers, pulse
monitors; Statista Survey, 2016) further suppohs acceptance and feasibility of
ambulatory assessment studies. Nevertheless, tial agpplication of ambulatory
assessment in psychological research lags far thatsnpotential (Fahrenberg et al.,
2007).

2.2.2 Advantages and challenges

The defining characteristics of ambulatory assessmédo repeatedly assess the
same individuals in real time and real life — résnolits three main advantages: (a)
ecological validity, (b) within-person perspectiagd (c) accuracy of measures.

First, ambulatory assessment allows assessing pter@ as they naturally
occur in real life (Reis, 2012). In this way, ewertin be investigated that cannot be
induced due to ethical or pragmatical reasons, gégmn behavior over time can be
observed as they naturally unfold across time, #ed context of sampling can be
chosen to resemble participant’s natural envirortm&a a consequence, results from
ambulatory assessment studies can possibly be eootegically valid than results from
laboratory studies, thus supporting inferencesartigpant’s real lives.

Second, ambulatory assessment offers the posgitalinvestigate processes on
a within-person level where the same individuats @mpared across time. This leads
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to describe individual's behavior or experiences oy as stable dispositionatits
but also as time- or context-dependstiates Importantly, changes across situations and
times occur naturally in everyday life and can sems antecedents, correlates or
consequences of phenomena. As for instance, aféetbility has been demonstrated
to be linked to risky health behavior (Weinsteirerhelstein, Shiffman, & Flay, 2008).
In addition, results obtained on a between-persarel] that compares different
individuals at one time point as in cross-sectisgtatlies, cannot be transferred to the
within-person level and may even be opposing (Hanak012). It is only under the
conditions of ergodicity — homogeneity and statriga- that a transfer of results from
the between-person level to the within-person lasebalid (Molenaar & Campbell,
2009). In this case, the data should have invarsatistical characteristics across
subjects (i.e., homogeneity) and across time @®tionarity; Molenaar & Campbell,
2009, p.113). However, experiences and behaviomargly person-specific variables
that reflect non-ergodic processes. Thus, ambylaaesessment provides insight into
within-person processes that enrich empirical pshadical research and cannot be
replaced by other methods.

Third, by conducting assessments in real time aatbry} assessment supports
the accuracy of its measures. In this way, meastarsassess experiences, cognitions
or behavior in the actual moment they appear. &ahmds biases that commonly appear
in self-report measures due to their retrospectnagure and the influences of
characteristics of memory storage (Schwarz, 20MYre precisely, retrospective
reports on affect experiences and behavior do oiwtarge with concurrent momentary
reports and it is assumed that participants camaldly respond to these reports. In
addition, ambulatory assessment enables the apphaaf direct measures in real time,
such as accelerometers to assess physical adiafitgvior in everyday life. Combining
measures of multiple sources, such as self-repodgphysiological measures, can offer
a comprehensive picture about real-time processeveryday life (Ebner-Priemer &
Trull, 2009).

Ambulatory assessment opens up multiple advantagesy with challenges.
Importantly, researchers have to take up the foligWiour challenges: (a) participant’s
compliance, (b) methodological knowledge, (c) pgrant’s reactivity to assessments,
and (d) ethical issues. First, when assessingaime sndividuals repeatedly, motivation
to participate may lessen across time and this reqyire the implementation of token

economies and handling of missing data. Moreovanesparticipants may not adhere
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to the study instructions, as for instance by ilbhd out diaries on a daily level, but
collectively on one day. To identify invalid datectronically registered time stamps
can be useful. Electronic devices are also preferabpaper-pencil measures due to
their possibilities of prompting (“beep”) and adapttesting (Fahrenberg et al., 2007).
Second, for the application of ambulatory assesshkm@owledge about psychometrics
and statistical analyses is indispensable (Shrouage, 2012; Singer & Willett, 2003).
As for instance, measures have to reliably deteahge and analyses have to consider
multiple levels, such as the within- and betweerspe level. Third, repeated
assessments in participants’ everyday lives cakeeveactivity (Barta, Tennen, & Litt,
2012). Reactivity to assessments as indicatednbg trends and systematic patterns of
missing data has to be taken into account wheryaingl ambulatory assessment data.
Fourth, ambulatory assessment requires to congtiecal issues in particular with
regard to participant’s burden (e.g., intrusivenesshe assessment strategy), data
storage (e.g., on the device or wireless transfesetrver) and content of assessments

(e.g., voice recording of every social interaction)

2.2.3 Ambulatory assessment as applied in the present disrtation

Given the advantages of ambulatory assessmenenisa@s a highly valuable
research tool for discovering phenomena in everyifiayThe present dissertation sheds
light on the application of ambulatory assessment(d) investigating the potential of
physical activity to improve affect and for (b) gstigating fluctuating processes in the
school context.

First, daily physical activity is recommended bytiomal and international
associations for ensuring mental health, such f@stalAmbulatory assessment studies
investigating the association between naturallyuootg physical activity and affect, as
in Manuscript 1 can further enrich these recommendations withdenge obtained in
everyday life. In addition, the results of this dstumay corroborate evidence-based
recommendations and thus support health promotion.

Second, schools as educational institutions hageatin to consistently foster
changes in students’ academic achievements, thigarsing processes. Ambulatory
assessment can be applied to investigate thessiriggorocesses in real time and in
daily school life. This will further lead to idefiti antecedents and consequences
influencing learning processes and educational essccThusManuscript 2 of this
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dissertation highlights the advantages and chalery reviewing studies that applied
ambulatory assessment for investigating daily stlifeo

2.3 Physical Activity and Affect in Young Adults

One great potential of physical activity is its peg influence on well-being,
such as affect. Investigating the association betwghysical activity and affect can
inspire programs for health promotion. Section 2.8mphasizes the importance of
studying affect and then focuses on conceptualthadretical approaches as well as
corresponding assessment strategies of affectioBe2t3.2 identifies gaps in the
existing literature on the association between jghysactivity and affect in everyday
life and highlights further important and innova&tivesearch endeavours. Section 2.3.3
summarizes the mechanisms underlying the assatibgbween physical activity and
affect. Finally, Section 2.3.4 outlines the conius that are derived for studying the

association between physical activity and affe¢hanpresent dissertation.

2.3.1 Relevance, definition and theories of affect

Why is it relevant to investigate affect? Affect important for mental and
physical health. In detail, evidence from longitali studies and randomized control
trials supports the notion that enhanced affeet,(imore positive and less negative
affect) causes improved health, as for instancatgréongevity (Diener & Chan, 2011).
Moreover, some studies in everyday life indicatat thffect states are associated with
mental and physical health. Positive affect states/eryday life have been found to be
associated with, for instance, better immune famitig (Cohen, Doyle, Turner, Alper,
& Skoner, 2003). Negative affect states were aasediwith increased activation of the
hypothalamic-pituitary-adrenal axis that implies; instance, an elevated vulnerability
for psychiatric disorders (Jacobs et al., 2007 pdrtantly, young adults (aged 20 to 30
years) have been found to report less positivecatiad more negative affect than in
later adulthood (Stone, Schwartz, Broderick, & Deat2010; Carstensen et al., 2011).
Given the strong relation between affect and healtung adults may represent a
specific target group of affect-enhancing interiamg for health promotion.

Affect refers to “a neurophysiological state that is comssly accessible as a

simple, nonreflective feeling” (Russell, 2003, p/14nd represents a transient episode
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readily changeable by contexts (Cranford et alQ620Important characteristics of
affect include (a) its non-reflective character,amag that affect does not necessarily
result from preceding cognitive appraisals andasdirected on an eliciting stimulus,
and (b) its transient character referring to thealde nature and intensity of affect
across time. In addition, affect is constantly presand can also occur as a component
of mood and emotion (Ekkekakis, 2013). In the éitare, the terms affect, mood and
emotion are sometimes used interchangeably, bue thee important differences
between these constructs, as shown in Tall4o®d is defined as an “an affective state
of long duration, low intensity, and a certain dgéness” (Frijda, 2009, p.258). Thus,
affect and mood can be differentiated by their tloma as affect reflects a transient
feeling at one single moment and as mood lastselorfgfect can vary in its intensity,
whereas mood is low intense. Moreover, affect isceptualized as not directly elicited
by a stimulus, whereas mood can have a vague objecause Emotionrefers to a
short, highly intense feeling directly elicited lycognitively appraised stimulus and
accompanied by bodily reactions (Ekkekakis, 201R), affect and emotion can be
differentiated in particular based on their dunatand their relatedness to a stimulus.
Furthermore, affect can be conceptualized as dragtate. Affect traits refer to
dispositional patterns of experiences that arelestaer time, whereas affect states are
momentary, transient, and context-dependent epmsadefeelings (Brose, Voelkle,
Lévdén, Lindenberger, & Schmiedek, 2014). Thus, &ssessing affect as a trait
individuals are asked about their typical affectimiy extended time periods and for
assessing affect states individuals indicate thirent affect. When aiming at capturing
transient episodes of feelings in everyday liféectf states seem to be the construct of

interest.

Table3 Tentative distinction between affect, mood and mmd@adapted from Ekkekakis, 2013,

pp.47-48)
Dimension Affect Mood Emotion
Frequency always much of the time rarely
. long short
Duration constant (i.e., hours to days) (i.e., seconds to minutes)
Intensity variable low high
Object/Stimulus not necessarily yes, but ”?"’.‘y be yes. Sp?CIfIC eliciting
unspecific stimulus

Examples pleasure, tiredness  dysphoria, grumpiness gualinjesy
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Affect theories can be classified into (1) dimensioand (2) categorical
approaches (Ekkekakis, 2013). Dimensional thecaiesume that each affect can be
modeled as a combination of basic dimensions. Qomipent example is Russell’s
circumplex model that postulates two orthogonal afisions: (a) valence or pleasure
and (b) activation or arousal (Russell & Barre®99; Posner, Russell, & Peterson,
2005), as depicted in Figure 1.

ACTIVATION
Tense — | Excited
Jittery Ebullient
Upset Elated
Distressed Happy
DISPLEASURE ( \}PLEASURE
Sad Serene
Gloomy Contented
Tired Placid
Lethargic Calm
~————l
DEACTIVATION

Figure 1 Circumplex model of affect (Russell, 2003, p.148

Each dimension has two bipolar endpoints (pleasudispleasure, activation -
deactivation). Combining these two dimensions pytsvarious affect states and thus
allows capturing a wide scope of affect. Affecttssathat are closer together in one
sector share resembling degrees of valence andatati. Importantly, some of these
affect states do not purely denote affect whenndwgjiit as non-cognitive, since they
also contain some cognitive appraisal. For instanpsetimplies to be angry with
something and is strictly speaking an emotion. Kéedess, upset also contains
unpleasant-deactivated affect and this is the ready it is included in the circumplex
model. In this way, pure states of affect are ledabn the axes of the dimensions,
whereas affect states with emotional quality areated on the circumplex (i.e.,
perimeter of a circle; Russell & Barrett, 1999)sBd on the circumplex model it is not

possible to differentiate between some of thesecafitates, such as anger and fear. In



2 THEORETICAL AND EMPIRICAL BACKGROUND 27

this specific case, both states share the samelyindeunpleasant-activated affect, but
stem from different preceding cognitive appraig®sssell & Barrett, 1999, p.807).

A more nuanced picture of affect is provided by ¢2)egorical affect theories.
Categorical theories assume that each affect repie®ne distinct state (Izard, 1993).
Some authors also postulate categories formed sd@mbling distinct affect states
(Ekkekakis, 2013). One advantage of the categolggiroach is the possibility to
investigate affect in a specific way. Further guedfic affect states also provide higher
intuitive comprehension than dimensional affectgsiindividuals merely experience
pure states of affect (such as valence or actiwptod natural affect experiences rather
reflect affect states with emotional quality lochien the circumplex (such &ad or
tired, see Figure 1). The set of distinct affect stafesuld be selected in each study
with respect to the research questions. Sincedghefdlistinct states that is studied may
appear to be arbitrary, it is necessary to justig/rationale of affect selection.

Combining the dimensional and categorical approdamefits from the
advantages of both approaches and is also claingeduthors of the dimensional
approach (Russell, 2003, p.150). Hierarchical nodeimbine both approaches and
assume that affect dimensions refer to a higheal land distinct states are grouped on a
lower level beneath them (Ekkekakis, 2013). Morepgembining both approaches can
support theoretical considerations when selectingeasure that fits to the research
aims. This argument will be illustrated with an ewde. The research aim is, for
instance, to assess how physical activity is aasediwith a wide range of specific
affect states. One example of a measure relatdistioct states is the Profile of Mood
States (original: POMS, McNair, Lorr, & Dropplemah992; shortened adaption:
POMS-15, Cranford et al., 2006). It consists aiisereferring to five distinct categories
of affect: depression, anger, anxiety, fatigue, &gpbr. From the perspective of the
circumplex model, these categories cover only thoéefour sectors: unpleasant-
deactivated affect by depression and fatigue, @salet-activated affect by anger and
anxiety, and pleasant-activated affect by vigamis are missing that address pleasant-
deactivated affect, such as serenity. Consequagitign the research aim to investigate
a wide range of affect and specific affect stateth@a same time, the POMS-15 can be

enriched by including, for instance, additionalmte of serenity. Besides these

2 In the original version of the Profile of Mood &ts (McNair, Lorr, & Droppleman, 1992) participants
are instructed to answer how they felt during tmt lveek including today, thus measuring longdimgs
mood states, whereas a transfer to assess affebiecaached by reframing the instruction and ljnas
the participants how they currently feel (Cranfetdl., 2006).
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theoretical considerations, the selection of amgadie affect measure should certainly

also consider its psychometric quality (Hubley &ahpo, 2013; Shrout & Lane, 2012).

2.3.2 Gaps in the literature on the association between hysical

activity and affect in everyday life

Evidence from multiple cross-sectional studies tagoa positive association
between physical activity and affect in the waytthere active participants report
enhanced affect compared to less active particspéng., Poole et al., 2011). Fewer
longitudinal and intervention studies are availabivat allow temporal or causal
inferences of this association. These studies detrair that physical activity can lead
to improved affect in community (Conn, 2010; Mamm&iaulkner, 2013; Reed &
Buck, 2009; Rethorst, Wipfli, & Landers, 2009) asiohical adult samples (Rimer et al.,
2012). Based on these findings, international aational recommendations advise
adults to perform 30 minutes of moderate-to-vigerphysical activity on five days per
week to ensure health maintenance (American Headodiation, 2016; European
Working Group, 2008). However, results from crossti®nal studies do not allow a
direct transfer on within-person associations iitydde (Molenaar & Campbell, 2009;
see Section 2.1.2). Moreover, despite the valuexpérimental and intervention studies
for causal inferences, they often lack ecologiaidity. Thus, it still remains unclear
whether naturally occurring physical activity perfed in everyday life has the same
effect on affect as physical activity in form ofwsttured supervised interventions. To
investigate whether fluctuations in daily physiaativity and affect covary on a within-
person level, ambulatory assessment studies witimtansive longitudinal design (as
defined in Section 2.2.1) are needed. These remutg further corroborate physical
activity recommendations with evidence obtainedvaryday life.

To date, evidence from ambulatory assessment stuodiie the association
between physical activity and affect is limited.e€Oneta-analysis indicates that physical
activity in everyday life is linked to increasedsgove affect within the subsequent
hours (=8 of 11 studies), but not consistently to lesgative affect i{=2 of
4 studies; Liao, Shonkoff, & Dunton, 2015). Thelfirdings for negative affect, also
found in further studies (Giacobbi, Hausenblas,r§el-2005; Kanning, Ebner-Priemer,
& Schlicht, 2015; Mata et al., 2012; Schwerdtfegéberhardt, & Chmitorz, 2008;
Wichers et al., 2012) may be attributed to methogickl challenges, such as change-



2 THEORETICAL AND EMPIRICAL BACKGROUND 29

insensitive measures of negative affect, relianceadf-reported physical activity or the
selected time-frame of subsequent hours. As a qoesee, studies using sensitive
affect measures to detect daily changes in negaffeet, objectively recorded physical
activity to reliably and validly assess physicdiaty in everyday life, and longer time
frames to capture also more distal effects may igeowther results. In this way, two
studies in adolescents reported associations betwe® amount of daily recorded
physical activity and less depressed affect in shene-day’'s evening (Gawrilow,
Stadler, Langguth, Naumann, & Boeck, 2016) and -nextning (Langguth et al.,
2016). However, further replication of these firghrnn adults is needed.

Moreover, to draw conclusions about how physicaivag in everyday life is
associated with specific affect states, evidendamged. The studies mentioned so far
refer often to either positive or negative affexty(, Langguth et al., 2016) and leave out
positive or negative affect with varying activatitavels (such as angry vs. depressed
affect, e.g., Mata et al., 2012; Schwerdtfeger let 2008; Wichers et al., 2012).
Evidence on the association between physical &gt@nd specific affect states is
advantageous due to its high intuitive comprehélityitas compared to dimensional
affect measures. Moreover, studying naturally agegr physical activity and its
association to affect will extend previous findingé experimentally manipulated
physical activity. Studies assessing physical @gtigbjectively in everyday life and
adopting a differential perspective on affect mawys, further contribute to corroborate

physical activity recommendations and support hgaibmotion.

2.3.3 Mechanisms underlying the impact of physical actity on affect

How does physical activity cause enhanced affe&@® Pprior experimental
human and animal studies contributed to answerdghéestion. Consequently, to date,
the underlying mechanisms linking physical activéilyd enhanced affect in the short
and long term have not been clearly identified (tidle & Mutrie, 2008). So far, the
debate revolves around two pathways: (a) physioddgirocesses and (b) psychological
processes (Lehnert, Sudeck, & Conzelmann, 2012isRal& Schwenk, 2000; Wolf &
Hautzinger, 2012).

First, following the physiological pathway, phydieativity may improve affect
by the increased release of monoamines (e.g., daparmserotonin), opioids (e.g.,
endorphins; Biddle & Mutrie, 2008) or the braindded neurotrophic factor (BNDF;
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Knaepen, Goekint, Heyman, & Meeusen, 2010; Matagnipson, & Gotlib, 2010).
Associations between these neurotransmitters awteips have been shown for
negative affect (e.g., Lee, Jeong, Kwak, & Park,®0and positive affect (Dishman &
O'Connor, 2009). Moreover, improved neuroimmune utettbn (Eyre & Baune, 2012)
and favorable changes in the brain’s blood circafai{Dietrich & Audiffren, 2011)
have been discussed to account for the effecthysigal activity on affect.

Second, following the psychological pathway, phgsiactivity may lead to
improved affect via increases in global self-esté8pence, McGannon, & Poon, 2005)
or self-efficacy (Netz, Wu, Becker, & Tenenbaum,020D Moreover, engaging in
physical activity may work as a distraction fromgasve events and thoughts or
strengthen social support if performed with oth@aluska & Schwenk, 2000). Thus,
psychological processes provide further explanation the activity effects on negative
and positive affect.

In sum, there are different hypothesized mechaniemexplaining the effects
of physical activity on affect. Aiopsychosocial modehcluding joint influences of
physiological and psychological processes undeglytre effects of physical activity on
affect seems most plausible (Paluska & SchwenkQRd8owever, our understanding
of the interplay between these mechanisms linkimgsigzal activity to affect is still in
its infancy. Given the limited evidence availabte the association between physical
activity and specific affect states, future obseoral studies investigating these effects

may settle for experimental research on the unohgyl;nechanisms.

2.3.4 Ambulatory assessment study in the present dissetian

As highlighted in the preceding sections, affectratevant for physical and
mental health and especially low during young dehdt. In addition, physical activity
has the potential to improve affect, while the nagtms are still in debate. However,
previous evidence is often based on between-petsomparisons and has multiple
methodological limitations, such as reliance onf-wedorted physical activity or
insensitive affect measures. To investigate whepigsical activity is associated with
specific affects in everyday life, ambulatory assesnt studies are needed. These offer
high ecological validity by measuring what actualgppens in everyday life. In
addition, relying on accurate measures will circemtvprevious pitfalls. Thus, an
ambulatory assessment study in young adults ack®sdays was conducted using
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objectively recorded physical activity and spec#ftect assessments and is described in

Manuscript 1

2.4 Physical Activity and Executive Functions in Childen

The potential of physical activity is not restrigteo improved affect, but may
also include improved cognitive functioning, suchexecutive functions. This section
is dedicated to introduce executive functions adl we theoretical and empirical
underpinnings for the effects of physical activity executive functions. Section 2.4.1
defines execute functions and highlights their ingoace in early childhood. Section
2.4.2 summarizes gaps in the literature on thecefeness of physical activity
interventions for improving executive functions ahildren. Section 2.4.3 presents
mechanisms underlying the effects of physical @&gtion executive functions. Further
on, implications about the characteristics of dffecphysical activity interventions are
derived. Section 2.4.4 introduces the idea of iwlial differences that moderate the
effectiveness of physical activity interventionsdaiection 2.4.5 concludes with the
application of a physical activity intervention it the present dissertation.

2.4.1 Executive functions and their importance in early dildhood

Self-regulation enables individuals to exert goal-directed behavend
comprises the regulation of behavior, cognitiord amotion (Blair & Ursache, 2011).
Executive functiongepresent the cognitive aspect of self-regulataond support
successful self-regulation (Hofmann, Schmeichel B&ddeley, 2012). Evidence in
adults favors a separation of executive functiarie three components: (a) inhibition,
(b) updating, and (c) shifting (Miyake et al., 20000 be more precise, inhibition refers
to deliberately inhibit prepotent or automatic r@sges and also includes resistance to
distractors. Thus, inhibition is crucial to exedadrdirected behavior, as it supports to
resist to interfering external stimuli, emotions lhavioral habits (Diamond, 2006).
Updating can be defined as constant monitoringraadipulation of working memory
representations. Shifting refers to flexible shitibetween different tasks or mental sets
(Miyake et al., 2000). Most studies in childhoodoahssume the same three correlated
but separable components of executive functionarfidnd, 2006; Garon et al., 2008;

Lehto, Juujarvi, Kooistra, & Pulkkinen, 2003). Ttevelopment of executive functions
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starts in early childhood and is characterizedngartant changes during the preschool
years (i.e., 4 to 7 years; Garon et al., 2008; Reng&t Reynolds, 2005). For instance,
large improvements in executive function perfornesam@ce especially observable in
preschool children compared to older children (Réierger, Neuenschwander, Cimeli,
& Roebers, 2013). In a systematic review, GarorysBn, and Smith (2008) present
evidence for the developmental pathway of childseexecutive functions. Selective
attention, the ability to focus on a task and igniorelevant information, seems to be a
prerequisite for the development of executive fioms. At the age of 15 months,
updating becomes apparent followed by inhibitioouad 2 years of age and shifting
around 3 years of age. Despite these first eanhpammnces of executive functions, the
following preschool years are pivotal as executfuactions continue to improve
considerably (Carlson, 2005; Garon et al.,, 2008)e Pphysiological foundation of
executive functions is the frontal lobe of the brgMiyake et al., 2000). The fast
development of executive functions during the pnest years runs parallel to the
development of the frontal lobe, while the matuatof the frontal lobe proceeds into
early adulthood (Romine & Reynolds, 2005).

Executive functions, as cognitive aspects of ssgfutation, are indispensable for
social and academic functioning and play an immortale already in early years of
life. Evidence highlights the predictive power ofeeutive function performance in
preschool children for their successful transitfoom kindergarten to school, such as
adaptive classroom behavior (Blair, 2002; Petriyiskihorpe, & Tayler, 2005;
Suchodoletz, Trommsdorff, Heikamp, Wieber, & Gotker, 2009), and academic
achievement over and above general intelligencepsedursor skills (Blair & Razza,
2007; Prel3ler et al., 2014). Studies have shownirthéition in particular is predictive
for later social functioning, such as cooperativehavior (Ciairano, Visu-Petra, &
Settanni, 2007), and associated with early acadesmuiievement, such as early
mathematical and verbal skills (Allan, Hume, All&@arrington, & Lonigan, 2014; Blair
& Razza, 2007). In light of this evidence, execatifunctions seem to lay the
foundation for children’s social and academic sasg®rsache, Blair, & Raver, 2012).
Consequently, early interventions targeting the roapment of executive functions,

especially inhibition, seem to be highly relevant.
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2.4.2 Gaps in the literature on the effectiveness of phial activity

interventions for executive functions in young chdren

Interventions for children that target executivedtions range from cognitive
trainings or holistic curricula in kindergarten keisure activities, such as physical
activity (Diamond & Lee, 2011). Physical activitytérventions appear as one
promising approach for improving executive funciom children (Best, 2010).
Compared to other interventions, such as cognitirenings, physical activity
interventions have the advantage to be low costjlyeaccessible, and to yield
additional positive effects on children’s physid¢edalth (Janssen & Leblanc, 2010).
Physical activity interventions have been showninbprove executive functions as
evidenced by meta-analyses in adults (Barenbeay,é2011; Chang, Labban, Gapin, &
Etnier, 2012; Lambourne & Tomporowski, 2010) an@eesally in older adults (i.e.,
mean age 60 years, Colcombe & Kramer, 2003), while fewerdgts are available in
children (Best, 2010; Fedewa & Ahn, 2011; Sibleye&ier, 2003; Verburgh, Konigs,
Scherder, & Oosterlaan, 2014). Importantly, thesetaranalyses include physical
activity interventions with varying frequenciecute single-bout interventions (e.g.,
Chang, Liu, Yu, & Lee, 2012) can be distinguisheairf chronic regularly, repeated
interventions (e.g., Colcombe & Kramer, 2003). Ascunhterventions are especially
advantageous as their implementation is more feagilthe standardized experimental
setting but also in the school context and requileser costs than chronic
interventions. For instance, Verburgh and colleagl®wed a moderate effect of acute
physical activity to improve subsequent executivections in 6- to 35-year-old
participants d = 0.52, 95%-CI = 0.29-0.76) = 19 studies). However, as shown here,
effect sizes vary considerably across intervenstudies. This variation claims for
considering crucial influences, such as the agetefvention recipients.

Improving executive functions with physical actwiseems to be especially
promising in early years. Important developmentserécutive functions take place
during the preschool period (Romine & Reynolds,30é&nd executive functions have
been shown as predictive for future social and eweacl functioning (Ursache et al.,
2012; see Section 2.4.1). While studies are misiag directly tested the moderating
effect of age for the association between physcality and executive function (Best,
2010), one meta-analysis indicates that youngddrem (i.e., 4 to 7 years) benefit in
particular from physical activity interventions bghowing improved cognitive

functioning compared to older children (i.e., 141® years; Sibley & Etnier, 2003).
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Thus, the preschool age may be an important peoide targeted by physical activity
interventions. So far, studies investigating théeaf of acute physical activity on
executive functions in young children are scarce stmow mixed results. Two studies
did not find physical activity effects on inhibitiocompared to sedentary control
conditions in young children (Palmer, Miller, & Rabon, 2013; Stein, 2016), while
improved attention processes were found in oneysfBdlmer et al., 2013) but not in
another study (Mierau et al., 2014). Consequently, date, evidence-based
recommendations whether physical activity enhareescutive functions in young

children are not inferable.

2.4.3 Mechanisms underlying the impact of physical actity on

executive functions

Given the large variation of effect sizes of prgiudies, theories about the
underlying mechanisms mediating the effects of mlaysctivity on executive functions
may further elucidate this issue. Consequentlys tbection introduces the most
compelling but still discussed mechanisms. In aoldjt based on the assumed
mechanisms the characteristics of an effectivevetgion will be inferred.

To date, it is still in debate how physical aciviinproves executive functions
in children (Sibley & Etnier, 2003). Nevertheleggyen the evidence so far, the
mechanisms can be classified into (a) physiologprakcesses and (b) learning and
developmental processes (Sibley & Etnier, 2003gsEhtwo pathways are not exclusive
but complementary.

First, the physiological pathway is based on pHggical and chemical
processes in the body and brain that are releaggthysical activity. Studies in adults
have shown that physical activity induces physimabarousal leading to an increased
cerebral blood flow in the prefrontal cortex, ancremsed release of brain
neurotransmitters, like norepinephrine and dopamiaed of the brain-derived
neurotrophic factor (Hotting & Rdoder, 2013; Wintral., 2007). These physiological
activity derivates may, in turn, facilitate the iora resource allocation necessary for
executive function performance (e.g., Barenberg.e2011). Moreover, the amount of
physiological arousal induced by physical activitypends on the intensity level of
physical activity. Following an inverted U-relatgimp between intensity and arousal
(Yerkes & Dodson, 1908) moderate-to-vigorous phgisactivity has been shown to be
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most effective for increasing the cerebral bloanhfl(Moraine et al., 1993) as well as
for improving speed of processing (McMorris & Hak§12). Based on the assumption,
that the physiological arousal elicits resourceoctions supporting executive
functions, moderate-to-vigorous physical activithosld be most effective for
improving executive functions. Importantly, the rtiened evidence for this
mechanisms stems from adult studies. To date,estudichildren that are designed to
compare different intensity levels of acute intetwens are missing. However, some
support for this mechanism can be derived from istudhat showed benefits of
moderate-to-vigorous physical activity comparededentary conditions (Ellemberg &
St-Louis-Deschénes, 2010; Gawrilow et al.,, 2016]Inkin et al.,, 2009). Thus,
moderate-to-vigorous physical activity seems toeffective for improving executive
functions in children.

Second, the learning pathway is based on develd@anemd embodied
cognition theories. They explain the effects of gbg activity on cognitive
improvements in children by referring to the bodihteractions and movements in
space that accompany each physical activity (Pi&gétebli, 1974; Wilson, 2002).
Piaget (1974) states that children learn conceptk skills by engaging in physical
activity and can transfer these acquisitions toctbgnitive domain. Moreover, children
may learn cause and effect through movements iaterid reach a goal (Davis &
Lambourne, 2009). In line with these theoreticaduasptions, motor and cognitive
skills have been found to be especially associdigihg early childhood while this
association seems to decline with age (VoelckeraBeh2005). Further support stems
from neurophysiological studies demonstrating aselanterrelation between the
cerebellum, activated during complex motor tasksl #he prefrontal cortex, activated
during executive function tasks (Diamond, 2000;rigar Ivry, & Swinnen, 2007).
Moreover, the level of learning processes engeudeyephysical activity may depend
on the type of physical activity. Non-automaticygmex or novel physical activity —
thus, includingcognitive engagement may evoke more learning processes than
automatic, simple or repetitive physical activifjo(mporowski et al., 2015). So far,
most acute intervention studies in children andlest@nts used repetitive, automatic
physical activity without cognitive engagement, lsues walking on a treadmill or
cycling on an ergometer in a laboratory setting.(éHillman et al., 2009). To date, few
studies have implemented a cognitively engagingsiglay activity intervention and
these revealed mixed results (Budde et al., 2008st,B2012; Jager, Schmidt,



2 THEORETICAL AND EMPIRICAL BACKGROUND 36

Conzelmann, & Roebers, 2014; Jager, Schmidt, Coraret, & Roebers, 2015). In line
with the hypothesis of the learning pathway, phgisactivity with motor coordination
demands have been found to benefit cognitive fanotg more than physical activity
without additional demands in adolescents (Budda.e2008) and more than a sitting
condition in children (Jager et al., 2014). Howevevo studies did not find an
advantage of a physical activity intervention withgnitive engagement compared to a
mere physical activity intervention (Best, 2012gekdet al., 2015). Importantly, Budde
and colleagues (2008) as well as Jager and coksa¢R014) implemented their
physical activity interventions in an applied ssiti(i.e., group setting at school) where
numerous confounds (e.g., social interaction) cabeacontrolled for as compared to a
standardized laboratory-based setting (Best, 20T3)nsequently, to investigate
whether physical activity with cognitive engagemémiproves executive functions,
further controlled laboratory-based studies aréspehsable.

Taken together, despite the persisting debate dbheuhechanisms, it appears as
if physical activity improves executive functiong\physiological and developmental
processes. These pathways differ in their assumgptd which kind of physical activity
may be most effective for improving executive fuoes, as depicted in Figure 2.
Consequently, when developing an effective intetieenboth pathways and their
respective implications should be considered. RAysactivity interventions with
moderate-to-vigorous intensity and motor coordoratiemands seem most promising

for improving executive functions in children.
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Physiological
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Figure2. Working model to explain the effects of physicetivdty on executive
functions with moderating influences of aspectplofsical activity (self-
developed).

2.4.4 Individual differences as moderators

Prior studies have mostly ignored individual diéfieces in physical activity
experiences when investigating the acute physatality effects on executive functions
(Pesce, 2009). However, when looking for exampléhatmixed findings of physical
activity interventions with cognitive engagement wmproving executive functions
(Budde et al., 2008; Best, 2012; Jager et al., R0&baracteristics of intervention
recipients, such as physical activity experienceay have moderated the physical
activity effects.

Theoretically, it is argued that the effects of @@l activity on executive
functions are moderated by the interplay betwetsrvention demands and individual’s
physical activity experiences (Pesce, 2009). Ddriiom the literature on motor
learning (Guadagnoli & Lee, 2004), the best effectexecutive functions are assumed
when physical activity is performed at tbptimal challenge pointvhere the demands
of physical activity match with the individual’s ility level (Pesce, 2009). Following
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the two pathways mediating the effect of physiadivity on executive functions (see
Section 2.4.3) different hypotheses can be infefwethe optimal challenge point.

In line with the physiological pathway, the integdevel of physical activity has
to match with the individual aerobic fitness levelndeed, preliminary evidence
supports the notion that the aerobic fithess levedlerates the effect of physical activity
on executive functions (Heckler & Croce, 1992; Jageal., 2015). For example, Jager
and colleagues (2015) found that only highly fiildten (i.e., 10 to 12 years old)
showed improved executive functions after a physictvity intervention compared to
a non-physical intervention, while low fit childresmowed no difference in executive
functions.

With respect to the learning pathway, an optimadlleimge point is reached
when the motor coordination demands of physicali#agtmatch with the individual
motor coordination experiences. Importantly, motaeoordination experiences
characterize physical activity behavior in parteauin young children (de Bock et al.,
2010; see Section 2.1.2). Two studies allow infeesnabout the moderating influence
of motor coordination. First, adolescent elite et benefitted more from a physical
activity intervention with motor coordination denusn with respect to improved
attention than from a physical activity intervemtiwithout motor coordination demands
(Budde et al., 2008). Thus, individuals with higlotor coordination skills seem to
benefit more with respect to improved cognitivedtimning when the physical activity
demands correspond to their expert level. In amiditchildren with deficits in motor
coordination or suffering from developmental cooedion disorder (ICD-10: F82;
WHO, 1992) benefitted more from a chronic physiaefivity intervention with low
cognitive engagement, while normally developingldien benefitted more from a
chronic physical activity intervention with high gmtive engagement in showing
improved attention. It could be assumed that the grmoups have different optimal
challenge points. While the motor coordination lewd# the physical activity
intervention with high cognitive engagement may éhawatched optimally for the
normally developing children, the children with motoordination deficits may have

been overtaxed and thus, benefitted only from thgsioal activity intervention with

® The aerobic fitness level refers to the cardidraspry endurance component of fitness (see
Section 2.1.1) and can be assessed via enduraieceear tasks and the thereby estimated maximal
oxygen uptake ([VO2max], e.g., Léger, Mercier, Gago & Lambert, 1988). It characterizes physical
activity behavior in children and adults, while ntr exist mostly for children above 6 years (Légeal.,
1988).
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low cognitive engagement. In sum, when targetirgetiectiveness of an acute physical
activity intervention with motor coordination denasn for improving executive
functions in young children, individual differencas motor coordination experiences

have to be considered as a moderator.

2.4.5 Standardized intervention study in the present dissrtation

The preceding sections highlight the importancexacutive functions in early
childhood. One approach for improving executivections in children is physical
activity. Two complementary pathways can explaia #ffects of physical activity on
executive functions and lead to conclusions abdfeceve interventions. A physical
activity intervention with moderate-to-vigorous awith motor coordination demands
addresses both pathways and thus seems most prgniti improving executive
functions in children. To date, evidence in yourgidren about the acute effects of
physical activity on executive functions is scaraed contradictory. Considering
individual differences in motor coordination exgertes as moderators may further
shed light on the effectiveness of physical agtiuiterventions. Importantly, to derive
evidence-based recommendations about the impaphydical activity on executive
functions, experimental studies are needed. Comeselgy Manuscript 3describes a
standardized intervention study testing the effectess of a physical activity

intervention for improving executive functions iayng children in a controlled setting.
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3 RESEARCH AIMS

This dissertation follows the overarching goal twestigate the potential of
physical activity for improving affect and execwivfunctions. Moreover, the
possibilities of using ambulatory assessment a&search method in the school context
for supporting education are reviewed. The resequdstions of the three manuscripts
shed light on these goals from different perspestiv

Manuscript 1applies ambulatory assessment to investigate fitf@nwperson
associations between physical activity and affiegtaung adults’ everyday lives. Affect
has been shown to predict health and physical iacthas the potential to improve
affect. So far, most prior studies refer to betwperson comparisons or have
methodological limitations. To infer whether nallyaoccurring physical activity is
associated with affect in everyday life, ambulatasgessment studies are indispensable.
These results obtained in real life will furtherieh physical activity recommendations

and support health promotion. In sum, the reseauelstions oManuscript lare:

(1) How do physical activity and affect fluctuate witkpersons from day-to-
day?

(2) How are physical activity and affect associatedt@nwithin-person level in
young adults’ everyday lives?

(3) Do the within-person associations between physac#vity and affect in

young adults’ everyday lives change for speciffectfstates?

Manuscript 2is a review and describes the use of ambulatosgszsnent to
investigate learning processes in the school comtec thereby support education. Prior
evidence is often limited to comparisons on thewbeh-person level and lacks
ecological validity. Ambulatory assessment is onethad extending these short-
comings by offering repeated assessments withisegpein real time and real life. The
manuscript provides an introduction of ambulatossessment for researchers and
practitioners to support acceptability of ambulatassessment studies. It highlights the
advantages and challenges of applying ambulatosgsasment and reviews studies

applying ambulatory assessment in schools. Thareseuestions dflanuscript 2are:

(1) What is ambulatory assessment and why is its agiit advantageous in

particular in the school context?
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(2) How can ambulatory assessment shed light on wikmson fluctuations in
the school context?
(3) Which challenges have to be faced when applyingudetdry assessment in

the school context?

Manuscript 3 describes an intervention study testing the dffenoess of a
physical activity intervention for improving exeoug functions in young children.
Given the assumed mechanisms and first empiricalirfgs, physical activity with
moderate-to-vigorous intensity and motor coordoratiemands should be effective for
improving executive functions. Moreover, individudifferences in motor coordination
experiences may moderate the effects. To dategewrwe about the effectiveness of
physical activity on executive functions in youngldren (i.e., 4 to 7 years) is scarce.
Thus, to infer whether physical activity improveseutive functions in young children,
intervention studies in controlled settings aredeele These results will further have
implications valuable for supporting education. Tasearch questions bManuscript 3

are:

(1) Can a physical activity intervention benefit ex@éaritfunctions in young
children?
(2) Do children’s motor coordination experiences mottethe effectiveness of

the physical activity intervention on executive ¢tians?



42

4 SUMMARY OF MANUSCRIPTS

4.1 Manuscript 1: Physical Activity and Affect in Young
Adults’ Daily Lives

Haas, P., Schmid, J., Stadler, G., Reuter, M., &@aw, C. (in press). Zooming into
daily life: Within-person associations between pegfsactivity and affect in

young adultsPsychology & Health.

Objective: Negative affect in daily life is linked to poorerental and physical
health. Activity could serve as an effective, loast intervention to improve affect.
However, few prior studies have assessed physatglitg and affect in everyday life,
limiting the ecological validity of prior findingsThis study investigates whether daily
activity is associated with negative and positivereng affect in young adults.

Methods: Young adults N = 189, Mdn = 23.00) participated in an intensive
longitudinal study over 10 consecutive days. Pigdiats wore accelerometers to
objectively assess moderate-to-vigorous physicavigc continuously throughout the
day and reported their affect in time-stamped @nkvening diaries before going to
sleep.

Results On days when participants engaged in more agtihian usual, they
reported not only less depressed and angry evedfiegt but also more vigor and
serenity in the evening.

Conclusiont Young adults showed both less negative and mosgiype affect
on days with more activity. Physical activity igppomising health promotion strategy

for physical and mental well-being.
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4.2 Manuscript 2: Review of Ambulatory Assessment
Studies in School

Bugl, P., Schmid, J., & Gawrilow, C. (2015). Ambotes Assessment in der Schule:
Den schulischen Alltag erfahrbar machen [Ambulatasgessment in school:
Discovering daily school life].Lernen und Lernstérungen,, 4261-268.
doi:10.1024/2235-0977/a000115

Students’ daily lives are characterized by fludngtlearning processes and
achievements. Ambulatory assessment can detea flhuesuations within persons. In
this way, repeated measurements within short tnaadés open up a new and valuable
perspective on everyday life in schools. The presaticle aims at introducing
ambulatory assessment as a method that enablestigateng fluctuations in
physiological and mental processes within studeat&l teachers. Importantly,
intraindividual changes and fluctuations in behealide.g., physical activity), affective,
and cognitive (e.g. executive functions) processas be detected as they naturally
occur within a school day or across days. Therabligh ecological validity can be
reached and contextual factors of various modaldi® assessable. Indeed, preliminary
evidence amplifies the meaning and relevance ofudaiidry assessed fluctuations in
learning-relevant processes for determining acacleathievement. For example,
ambulatory assessed executive function performaaed significantly within one day
among primary school children and could partialéy gredicted by the quality of last
night’s sleep (Konen, Dirk, & Schmiedek, 2015). fihare many advantages favoring
an application directly in the classroom. Howetke implementation of an ambulatory
assessment study in school remains challenging demdands cooperation between
science and practice. Future studies and practipplications are beneficial for all

parties involved: students, teachers, parentsyesehrchers.
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4.3 Manuscript 3: Physical Activity Intervention to Imp rove
Young Children’s Executive Functions

Haas, P., Cattarius, M., Meibohm, M., Schmid, ade&k, G., Kelava, A., & Gawrilow,
C. (2017). Improving young children’s executive d¢tions with physical
activity: The role of motor coordination experieaddanuscript in preparation.

Objective: Early executive functions are pivotal for futureademic and social
functioning. Physical activity has been shown tgrave executive functions (i.e.,
cognitive aspects of self-regulation) in adultsjlesko date the effects in young children
are unclear. The present study investigates tleeteféeness of acute physical activity to
improve subsequent executive functions in youngldodm and also takes the
moderating influence of motor coordination expecesninto account.

Method: Hundred-three children (46% girls; agéM = 68.50 months,
SD=12.93) were randomly assigned to a physicaligtor sitting control condition
both conducted in a one-on-one experimenter-chetting). Executive functions were
assessed with a behavioural and a computerizediiasitly following the intervention.
Motor coordination experiences, self-control, amdiedemographics of the children
were assessed with parental questionnaires.

Results: Performance in both executive function tasks did ditier between
children in the physical activity condition compar® the control condition. However,
individual differences in children’s motor coordiima experiences moderated the
effectiveness of physical activity: Low levels obtar coordination experiences were
linked to negative effects of physical activity erecutive functions compared to a
sitting activity, whereas a trend indicated positieffects from physical activity on
executive functions with higher levels of motor mination experiences.

Conclusion: Acute physical activity is a promising interventitor improving
executive functions in young children when tailored individual levels of motor
coordination experiences. Early support to increasmung children’s motor
coordination experiences may lead to executivetiondenefits of physical activity for

more children.
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5 GENERAL DISCUSSION

Physical inactivity in adults and children is a esgread phenomenon in the
Western world (Troiano et al., 2008) and one of lgeding risk factors of mortality
nowadays (WHO, 2014). In the same vein, physicaiviac has multiple positive
effects, as for instance to benefit mental hedltbs{andes et al., 2009). In this way,
engaging in physical activity seems promising fopioving well-being and cognitive
functioning. However, prior studies on the potdntd physical activity ignore
important aspects, such as the transfer of efiatdseveryday life and to specific age
groups.

Given the theoretical and empirical background f{hesent dissertation
addresses existing gaps in the literature and aitrderiving implications for health
promotion and for supporting education. More prelgis the present dissertation
investigates the potential of physical activity farproving well-being and cognitive
functioning by relying on ambulatory assessment antervention methods.
Manuscript 1sheds light on the potential of physical actitdyimprove affect in young
adults’ daily lives in an ambulatory assessmentdystiManuscript 2 reviews the
advantages of applying ambulatory assessment woseimd for supporting educational
successManuscript 3elucidates the potential of physical activity teprove executive
functions in young children in a standardized ivm@tion study.

This chapter concludes with a general discussiahefindings obtained in the
present dissertation. In Section 5.1 the main figdiof the three manuscripts are
summarized and discussed, followed by an outlintheflimitations and directions for
future research in Section 5.2. Section 5.3 preséié strengths of the present
dissertation and Section 5.4 summarizes the peddtigplications. Finally, Section 5.5

ends with general conclusions.

5.1 Summary and Discussion of Main Results

The present dissertation aimed at investigatingptitential of physical activity
for improving well-being and cognitive functioningy relying on ambulatory
assessment and intervention methods and theretdgrive implications for health and
education. Itamain resultsare the following: (a) physical activity has thetgntial to

improve affect in young adults, as shown by witherson-associations between
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physical activity and improved affect in young adubaily lives Manuscript J, (b)
applying ambulatory assessment in the school comeadvantageous for supporting
educational success, as shown by a review of andoylaassessment studies
(Manuscript 3, and (c) physical activity has the potential taprove executive
functions in young children with high levels of raptcoordination experiences, as
shown by a moderating effect of children’s priortoracoordination experiences on the
effectiveness of a physical activity interventiom executive functions in young
children Manuscript 3. In the following, the research aims of the pnes#issertation
raised in Chapter 3 will be answered more preciséhe main results of the three
manuscripts that constitute the present dissentatith be summarized and discussed.

The potential of physical activity for improvingfatt was investigated in young
adults’ daily lives inManuscript 1 We applied ambulatory assessment in an intensive
longitudinal study across 10 consecutive days i® ¥8ung adults. Moderate-to-
vigorous physical activity (from now on referred de physicalactivity) was assessed
objectively and specific positive and negative etfftates were reported in daily online
evening diaries. The main results of this study e (a) fluctuations of physical
activity and affect are observable and reliably soeable within-persons from day-to-
day, (b) within-person associations between physictvity and affect exist in young
adults’ everyday lives, and (c) these within-perasaociations differ for specific affect
states. To be more precise on the latter findimgs,found significant within-person
associations between objectively assessed phyaality and improved evening
affect. On days with more physical activity thanuals participants reported less
depressed and less angry affect in the eveningndiuess anxious affect. In addition,
on days with more physical activity than usual.tipgrants reported more vigor and
more serenity, but also more fatigue. However,igggnts engaging in more physical
activity than others reported less fatigue. Talmgether, these results demonstrate that
more physical activity than usual is associated sjpecific affect states pertaining to
all four combinations of valence and activatiore(Section 2.3.1).

Our finding of an association between more physacéivity than usual and less
negative affect (i.e., depression, anger) corrdlesrprevious results of cross-sectional,
longitudinal and intervention studies (Conn, 20M@&mmen & Faulkner, 2013; Parfitt,
Rose, & Markland, 2000; Poole et al., 2011; PudtZ,onnor, & Dishman, 2006; Rimer
et al., 2012) and provides further evidence of plméential of naturally occurring

physical activity for affect in real life given tmeixed findings of the few within-person
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studies available (Liao et al., 2015). The smalé saf our within-person effects can be
attributed to the seldom experience of the rathtemise items pertaining to the negative
affect scales (e.ghopelesyin our sample of healthy adults. However, oungigant
findings suggest that even naturally occurring pdafsactivity throughout the day,
including unstructured physical activity as well esercise, is associated with less
negative evening affect. In the long term, it im@eivable that these small effects may
accumulate into a generally enhanced state of bellg and serve as effective health
prevention against the negative consequences dateqly experiencing negative
affect.

In addition, our finding of an association betwarare physical activity than
usual and more positive affect (i.e., vigor, sasgns in line with prior within-person
studies (Fortier, Guerin, Williams, & Strachan, 80Hyde, Conroy, Pincus, & Ram,
2011; Kanning, 2013; Kanning & Schlicht, 2010; Makéeal., 2013; Mata et al., 2012;
Schwerdtfeger et al., 2008; Wichers et al., 20H)wever, the present study differs
systematically from prior studies in (a) assessifigct more distally (i.e., at the end of
day) and in (b) differentiating between varyingieation levels of positive affect (i.e.,
pleasant-activated: vigor vs. pleasant-deactivasedenity). Consequently, these study
results extend previous findings and further cbuote to confirm the association
between physical activity and positive affect iugg adults’ daily lives.

The findings for fatigue impressively illustrate ihaesults can differ on the
within-person and between-person level. In contraghe few existing within-person
studies (e.g., Kanning, 2013), we found that mohgsgral activity than usual is
associated with more fatigue in the evening. Tincsaased level of evening fatigue can
be considered as a positive effect of activitytasay benefit sleep quality (Kredlow,
Capozzoli, Hearon, Calkins, & Otto, 2015). When ingk the between-person
perspective, participants with more physical attithan others reported less fatigue in
the evening. Possibly, these participants engage negularly in physical activity and
have higher fithess levels resulting in less oVeiaigue, as shown in intervention
studies (Puetz et al., 2006).

Manuscript 2provided a comprehensive introduction of ambulatsgessment
with the focus of applying it in school to suppeducational success. Besides, the
advantages of ambulatory assessment were exerdphfigh a review of prior
ambulatory assessment studies in schools. The negults of this manuscript are

trifold. First, (a) the application of ambulatorgsgssment in the school context is
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advantageous in order to investigate within-pefiartuations of students and teachers
in the school context with regard to various dorsasuch as behavioral (e.g., physical
activity), affective, and cognitive (e.g. executiftenctions) processes. Consequently,
the influences on learning processes can be dised\¥eom a multi-method and multi-
informant perspective. Ambulatory assessment cantiiy antecedents, consequences
and correlates of learning processes and thesétsrdsoaden our understanding of
academic achievement. In the long term, ambulatmsessment provides evidence
relevant for supporting educational success. Sedtmdmbulatory assessment can be
implemented in the regular school day as the asseds can take place with mobile
devices and do not require a laboratory settingy,(as in Kénen et al., 2015). Third, (c)
to successfully apply ambulatory assessment irstheol context the manuscript also
outlines important challenges that have to be mgtfor instance to have sufficient
methodological skills and to guarantee ethical @piles and data protection (Miller,
2012). In sum, this manuscript resulted in amptifyithe advantages of applying
ambulatory assessment in school for researcherpracttioners. The manuscript, thus,
aims at encouraging future ambulatory assessmerties.

Manuscript 3investigated the potential of physical activityitgprove executive
functions in young children aged 4 to 7 years istandardized intervention study.
Following a stratified randomization plan contmnodli for age and gender, 51 children
were assigned to a physical activity interventiohwnoderate-to-vigorous intensity
and motor coordination demands, and 52 childrerevessigned to a sitting control
condition listening to a story. Directly followintpe intervention or control condition,
executive functions were assessed by a behaviathhacomputerized task. The main
results of this study are that (a) children in thtervention condition did not perform
better in both executive function tasks than chkitdin the control condition and that (b)
children with higher levels of motor coordinatioxperiences seemed to perform better
in the behavioral executive function task when hgvparticipated in the intervention
compared to the control condition than childrerhviiwer levels of motor coordination
experiences. No moderating effect of motor cooritimaexperience was present with
regard to children’s performances in the compugeriexecutive function task.

The missing effect of physical activity on execatifunctions in the present
study is in line with some studies in children (Pen Bandelow, Nute, Morris, &
Nevill, 2012; Jager et al., 2015; Mierau et al.120Palmer et al., 2013; Pirrie &
Lodewyk, 2012; Stein, 2016), but stands in conttasiother studies (Best, 2012;
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Ellemberg & St-Louis-Deschénes, 2010; Hillman et &009; Jager et al.,, 2014;
Pontifex, Saliba, Raine, Picchietti, & Hillman, Z)1 Multiple alternative explanations

have been ruled out. In this way, the missing éfééghysical activity compared to a
sitting activity on executive functions in the peas study cannot be attributed to (a)
pre-existing differences of children in the intemien and control condition, such as
differences in age, gender or self-control, (b)eetifze or motivational differences

between the conditions, nor to (c) low sensitivitly executive functions tasks, as
observable in ceiling or floor effects. Consequentiirther explanations for this null

finding could be due to (d) the content of the ptaisactivity intervention, and (e)

differential effects for young children.

First, (d) the content of our physical activity entention with motor
coordination demands and moderate-to-vigorous sittenvas in line with theoretical
considerations of addressing both the learning@ngiological pathway that mediate
the effects of physical activity on executive fuans (Sibley & Etnier, 2003; see
Section 2.4.3). However, we chose one medium lef/@hotor coordination demands
that may have been too narrow to be effective foctaldren with varying levels of
motor coordination experiences. In line with thiguanent, positive effects of physical
activity with motor coordination demands have b&mamd in elite sport students that
represent a homogenous sample with respect to niegior coordination skills (Budde
et al., 2008). In addition, we chose a physicaivagtintervention with moderate-to-
vigorous intensity as evidenced by objective recmysl of children’s heart rates and in
line with prior findings of beneficial activity eftts on executive functions (e.g.,
Hillman et al., 2009). However, in contrast to tlad-based physical activities with
steady intensity (as for instance when cycling oreggometer; Hillman et al., 2009), in
the present intervention heart rates fluctuatedsicenably from minute-to-minute.
Whether the nature of intensity differentially affe executive functions has to be
investigated in future projects. Second, (e) thesmg effect of physical activity on
executive functions could be due to specific charatics of young children. Prior
results are mainly based on children aged abovearsyand adults and it remains
questionable whether a direct generalization tongochildren is possible. It could be
that due the different type of physical activityhbgior in (de Bock et al., 2010) or due
to the early developmental level of executive fioret other mechanisms, underlying
the benefits of physical activity on executive ftiogs, are in place in young children

compared to the mechanisms working in older childreadults.
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Moreover, we found that children’s individual difémces in prior motor
coordination experiences moderated the physicaligceffects on executive functions.
In line with the notion of ammptimal challenge pointvhere the demands of physical
activity match with the individual’'s ability levglPesce, 2009), benefits of physical
activity on executive functions were only presencthildren with higher levels of motor
coordination experiences (for an extended discasseavianuscript 3. Thus, tailoring
the content of physical activity interventions thildren’s individual level of motor
coordination experiences seems crucial to derifecesf from physical activity on

executive functions in young children.

5.2 Limitations and Directions for Future Research

The present dissertation is not without limitatiomdgevertheless, it lays the
pavement for future research in the area of phisicévity and affect as well as
executive functions. In addition, it highlights thmenefits of applying ambulatory
assessment in the school context. Thme&n limitations can be identified. First,
demonstrating a causal link between physical dgtamnd affect was beyond the scope
of the study inManuscript 1 but should be addressed in future studies taoborate
practical applications. Second, investigating thezih@nisms underlying the potential of
physical activity for improving well-being and cagive functioning extends the focus
of Manuscript 1and3, but is indispensable for an in-depth understandingyfsizal
activity effects and should thus be investigatedthe future. Third, ambulatory
assessment has been applied in the present swidfyrther applications especially in
the school context seem highly promising to suppdrcational succesMéanuscript
2). In the following, the main limitations and fueurdirections derived from each
manuscript will be specified.

Manuscript 1has the following limitations. First, a causaleeff of physical
activity on affect cannot be inferred from the emsfindings. However, we have
confirmed a temporal order with the finding thaytitae physical activity is associated
with evening affect. Moreover, our ambulatory assent study allowed ruling out
individual differences as alternative explanatidos the activity-affect association
within-persons. Future studies could address ciéyshly implementing a more
structured assessment strategy of ambulatory assasgsee Section 2.2.1). Device-

contingent monitoring can be used to provide furthiats for causality of naturally
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occurring physical activity and affect, as in thase real-time recordings of predefined
physical activity levels trigger affect assessmeHhiswever, to establish causality and
therefore to rule out time-varying alternative extions of the within-person activity-

affect association, intervention studies are inglis@able, where physical activity is

experimentally increased, for instance, on speddigs.

Second, the mechanisms underlying the associagbwelen physical activity
and affect were beyond the scope of the presediy stnd need to be investigated in
future projects. To date, multiple mechanisms detifrom human and animal
experiments are discussed (for an overview: Leheeral., 2012), as for instance
psychological processes (e.g., higher self-efficany self-esteem; Spence et al., 2005),
as well as physiological processes (e.g., favordldemonal and neurotransmitter
changes; Biddle & Mutrie, 2008, p.280; see SectihB.3). However, conclusive
evidence demonstrating how these mechanisms wgether and in real life is missing,
so far. Future intervention studies can addressetbasolved questions. Further on, first
hints of causality can also be derived from amlonjatassessment studies that
additionally assess time-varying mechanisms inydafe, such as self-esteem or
serotonin synthesis (Biddle & Mutrie, 2008). Moreavclaims about a bidirectional
association between physical activity and affeatehbeen raised in the way that also
improved affect predicts increased levels of phaisiactivity (e.g., Schwerdtfeger,
Eberhardt, Chmitorz, & Schaller, 2010). This has been addressed in the present
study, so far. To account for dynamic temporalgrat and bidirectionality (e.g., as in
time-series models; Brandt & Williams, 2007), fgustudies with higher sampling
frequency are needed (e.g., Stavrakakis et al.5)20h addition, given the mixed
effects found in prior studies (Liao et al., 2018he direction of future research is to
focus on between-person differences in within-perassociations. It is possible that
individuals with dispositionally higher negativefeadt may benefit more from physical
activity than individuals with dispositionally low@egative affect, as they have more
room for improvement. Ambulatory assessment studigls large sample sizes and
high frequency sampling can serve to elucidatentiaiemoderator effects.

Third, the influence of quantitative and qualitatiaspects of physical activity
(see Section 2.1.1) on affect in everyday life resmanostly unclear. In this way, future
studies should focus on the dose-response relatts corroborate the present finding
that increasing the daily amount of moderate-ta@rogs physical activity goes along

with improved affect. Besides, some studies pamards context-specific effects of
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physical activity on affect, such as increased benef physical activity in the presence
of others than alone (Dunton et al., 2015) or dufegisure as compared to non-leisure
time (Kanning, 2013) or outdoors as compared toansl (Focht, 2009). These factors
should be investigated in future studies, whileaslsvconsidering participants’ study
burden. Further limitations are discusse/ianuscript 1

Manuscript 2also has some limitations leading to future rededdeas. First,
this review aims at outlining important argumerttattmay support acceptability and
feasibility of ambulatory assessment in schoolsweéieer, this is just a first step. Future
studies in schools may investigate how parentshtsa and school directors can most
effectively be convinced about the advantages obudatory assessment research.
Importantly, ambulatory assessment studies are uaéimg for participating students
and teachers, while the participant burden shoeldd low as possible to answer the
research questions. Thus, further dialogues betwesearch and school agents are
necessary for paving the ground of ambulatory assest studies. One further step to
facilitate ambulatory assessment research in schumlld be to develop an
infrastructure, for instance with a protocol aceepby research and school agents that
specifies ethical principles and data protectionmgusampling, storage and analysis.
Second, despite the manifold advantages of applmigulatory assessment in schools,
future research is indispensable before ambulatmgessment can be used as a
diagnostic tool or intervention in the regular schpractice. Future studies testing the
effectiveness of evidence-based interventions ity dahool life are valuable to derive
evidence for practical implications. One exemplemtgrvention, usable in ambulatory
assessment studies, is a recently developed mapfdication for adults that
implements evidence-based strategies to increaeegalation in everyday life
(application WOOP: Wish-Outcome-Obstacle-Plan, :littwopmylife.org; evidence:
Gawrilow, Morgenroth, Schultz, Oettingen, & Gollaér, 2013). Moreover, the study
described irManuscript 3of the present dissertation also provides firsl@vce on the
effectiveness of a specific intervention for impray executive functions when tailored
to the level of motor coordination experiences otiyg children. Future ambulatory
assessment studies implementing this interventidhe regular school or kindergarten
day can further contribute to derive evidence &ogé-scale applications in the practice.

Manuscript 3has the following limitations. First, the presetuidy provides first
hints that children’s level of prior motor coordiimn experiences is crucial for benefits

of physical activity on executive functions. Howeviture intervention studies should
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directly manipulate children’s level of motor coovation experiences to corroborate
the present finding and to identify an absoluteeledf motor coordination experiences
needed for physical activity benefits on execufivections in young children. Second,
we found the moderation effect only for the beheali@xecutive function task, but not
for the computerized task. Thus, it could be irdeng to disentangle whether this effect
is attributable to the executive or motor demanidghe present behavioral executive
function task (i.e., Head-Toes-Knees-shoulder talsk}his vein, further experimental
studies could implement some modified trials witlie task that only target motor
demands. This could rule out the alternative exgilans that physical activity benefits
solely motor demands. Third, assessing the meamanisiderlying the physical activity
effects on executive functions were beyond the sajghe present study. Although the
content of our physical activity intervention (j.anoderate-to-vigorous intensity,
moderately high motor coordination demands) wasehan line with theoretical and
empirical notions on two underlying processes medjahe effects of physical activity
on executive functions (Sibley & Etnier, 2003), del not directly test whether our
physical activity intervention actually influencgthysiological and learning processes.
Certainly, the present study extends most priodistuby measuring children’s heart
rate objectively during the physical activity intention and thus providing a
sophisticated manipulation check. However, spe@figsiological mechanisms have
not been addressed. Future research should coatebtite assumed mechanisms in
young children. Physiological processes could, iastance, be investigated by
measuring the prefrontal cerebral blood flow witlbbie technologies, such as near-
infrared spectroscopy. Fourth, we assumed that physical activity intervention
addresses both physiological and learning processagitaneously and that this will
result in additive effects. However, further expental studies should explicitly
manipulate the degree of which both processesduessed, by varying, for instance,
the intensity level or the level of motor coordinatdemands to elucidate the effects of
isolated elements of physical activity intervensioRifth, assessing the sustainability of
acute physical activity effects on executive fumicd was beyond the scope of the
present study. Future research should focus owluheility of acute physical activity
benefits on executive functions. One study in ¢kidd(aged 6 to 8 years) showed that
physical activity benefits executive functions indiegely and up to 20 minutes, but no
effects were found 40 minutes after physical astiydager et al., 2014). In this way,

future intervention studies may implement additiotesting sessions in fixed time
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frames. Sixth, we relied on a parent questionnéire assessing children’s motor
coordination experiences. Future studies may coraib our findings by assessing
motor coordination more objectively using standeedi behavioral tests (e.g.,

Petermann, 2008). Further limitations are discugsdtanuscript 3

5.3 Strengths

The strength of the present dissertation lies snciintribution to the current
evidence base on the potential of physical actifotyimproving affect and executive
functions. Moreover, two unique characteristics knie main strengthof the present
dissertation. First, we applied highly advantageand sophisticated methods, such as
ambulatory assessment and standardized intervestioties. Second, we targeted
specific samples, such as young adults and youindreh, who benefit in particular
from physical activity. In the following, the strgihs of each manuscript will be
specified.

Manuscript 1 makes several important contributions. First, tkisidy in
everyday life with a young adult sample is amorgftrst to demonstrate that days with
more physical activity than usual were associatéld l@ss negative evening affect and
more positive evening affect. Consequently, it nsalite important contribution to the
limited evidence available on the topic of withiarpon associations between naturally
occurring physical activity and affect in real lifeiao et al., 2015). Moreover, the
present study is of practical relevance as we tadggoung adults who are especially at
risk for low positive and high negative affect (S@nsen et al., 2011) that in turn often
imply negative consequences for physical and mengalth (e.g., Kiecolt-Glaser,
McGuire, Robles, & Glaser, 2002). Second, we clzoseeasure of affect that has been
shown to reliably capture within-person changesaf@rd et al.,, 2006) and also
demonstrated adequate within-person reliabilitythe present study. In addition, by
assessing specific affect states according to thmoach of distinct affect states
(negative vs. positive valence high vs. low activation), the present study could
disentangle how physical activity is associatechvepecific affect states, such as the
fact that more physical activity than usual is noty linked to less negative affect in
general, but more precisely to less depression, (igpleasant-deactivated) and less
anger (i.e., unpleasant-activated). This extendsltefrom prior within-person studies

and offers high practical relevance as strategiesaffect management are inferable.
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Third, we assessed physical activity objectivelyhvaccelerometers that represent the
gold standard of physical activity assessment iilydde (Trull & Ebner-Priemer,
2013) and avoid short-comings of self-reports (Eiret al., 2008). In addition, we
assessed naturally occurring physical activity serd0 consecutive days and thereby
reached a high level of ecological validity. Priotervention studies implemented
physical activity in form of instructed exerciseowever, our findings demonstrate that
also spontaneous unstructured physical activig, i naturally incorporated in young
adults’ daily lives, such as walking to commutentcibbutes to the association between
physical activity and enhanced affect. Fourth, sseased daily evening affect via time-
stamped online diaries that allowed us to contosl ihvalid entries that are non-
conform to the study protocol and thus ensuresnatevalidity. Fifth, unlike most prior
within-person studies we captured within-persomeissions on a daily level that allow
enriching existing national and international phgsiactivity recommendations, as
these also refer to daily levels of physical atyiyAmerican Heart Association, 2016;
European Working Group, 2008), and are thus higtlgvant for practical applications.

The strengths dWlanuscript 2are directly related to the advantages of applying
ambulatory assessment in schools. First, ambulaassessment focuses on within-
person changes and thus acknowledges in partitidandividuality of each student, as
for instance by referring to individual referencerms, such as previous academic
achievements, and not to social reference norms) a8 comparisons of academic
achievements among students (Rheinberg, 1983)vithudil reference norms are
especially useful to support the development ofhhamd low achieving students.
Second, evidence from ambulatory assessment résearschools fosters theory
development about learning processes and acadaermievament, as for instance by
identifying optimal learning conditions. Third, aolatory assessment fosters the use of
advanced technologies, such as smartphones omofdyisal monitors, in psychological
research. Thereby, psychological research benkbta the multiple advantages of
these technologies, as for instance time-stampsesasients or mobile assessments in
everyday life settings.

Manuscript 3boasts several strengths. First, to our knowldtigeis the first
standardized intervention study investigating tHéots of physical activity on
subsequent executive functions in a sample of yatmigiren aged 4 to 7 years. The
results provide first hints for closing this gaptire literature and highlight important

aspects that need to be considered in future studieech as individual differences in
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motor coordination experiences. Second, the prestatly had a one-on-one
experimenter-child setting that was highly standaad but still child-oriented and thus
provides high internal validity. This study chaexddtic extends many prior studies in
children that were conducted in the field whereidomfluences (e.g., due to group
settings) are present and physical activity engagencannot be strictly supervised.
Third, the present study included comprehensiveipudation checks as compared to
most prior studies, as for instance objective réiogs of children’s heart rate during
the intervention and control condition, and chitdsereports on affect and enjoyment of
the condition. This allowed ruling out multiple doanders. Fourth, we controlled for
important background characteristics that influereeecutive functions, such as
children’s self-control, age, and gender. Fifth, developed an intervention based on
theoretical considerations of the underlying me@raa and adapted it to be close to
natural forms of physical activity in young childréde Bock et al., 2010). Its moderate-
to-vigorous intensity has been evidenced by objectmeasures and its motor
coordination demands were rated by experts. Tingsptesent intervention consists of
the most promising elements for improving execufivections and is usable in future

studies.

5.4 Practical Implications

The present dissertation allows drawing importarglications for mental health
and education that will be summarized and illusttain the following. First, physical
activity may serve as health promotion strategyaunng adults as we have shown that
more physical activity than usual is linked withpraved evening affectManuscript 3
and given prior causal evidence from interventitudies (Rethorst et al., 2009). Our
results imply that increasing the daily amount afd@rate-to-vigorous physical activity
can serve as an effective tool for managing angdrdepressed affect as well as for
supporting vigor and serenity. This means that ghysctivity can influence specific
affect states of all four combinations of valenecel activation. Thus, meeting daily
physical activity recommendations supports not grtlysical health, but also mental
health. Programs targeting young adults seem higihbmising as this age group
experiences lower affect than older adults (Casseret al., 2011) and in light of the
high prevalence of physical inactivity (Lampert, Menk, & Muters, 2012; Troiano et

al., 2008). To increase physical activity in youadults’ everyday lives, it seems



5 GENERAL DISCUSSION 57

promising to not only support regular participatimnexercise programs but also to
encourage young adults to increase the amountstfuatured physical activity, such as
walking or bicycling to commute or to buy groceri&nce engagement in unstructured
physical activity is not fixed to scheduled timesspecific places, unstructured physical
activity has the advantage of being more feasibteraore easily to integrate into daily
life than exercise sessions. Importantly, even wihédividuals have the intention to be
more physically active they often do not changér thetual behavior (Rhodes & Bruijn,
2013). To bridge this intention-behavior gap, attglanning (Sniehotta, Scholz, &
Schwarzer, 2005) and self-regulation strategies.,(e@mplementation intentions;
Stadler, Oettingen, & Gollwitzer, 2009; monitoriagd feedback; Prestwich, Conner,
Hurling, Ayres, & Morris, 2016) supported by mobdevices, such as fithess trackers
or applications for smartphones, can serve as usefls and can additionally be
tailored to individual needs. In sum, health proomwtin young adults should aim at
increasing physical activity for maintaining anemoting mental health and can make
use of already established intervention strategies.

Second, the review of ambulatory assessment stuldieshools demonstrates
the importance of taking short-term fluctuationsléarning processes into account
(Manuscript 3. Consequently, ambulatory assessment fosterddptan idiosyncratic
perspective in the way that, for instance, perforoes in exams are evaluated as
momentary learning states and with reference tor gserformances within students
(i.e., individual reference norm; Rheinberg, 1983uctuations in learning processes
within students could be easily displayed by timeeticourse of exam performances of
one student resultant from ambulatory assessmédnms. imdividual time course may
represent an ideal starting point for consultatiats students, parents and teachers in
the case of learning problems. In addition, to foom the individual time course of
performances assessed in the regular school comtéke case of learning problems
provides highly valuable information and adds uph® results obtained in the usually
conducted single-session tests outside the classroo

Third, physical activity can be used as an effeciivervention for improving
executive functions of young children with high é&v of motor coordination
experiences in the short terivignuscript 3. Targeting in particular young children
seems promising since executive functions pave giteeind for future social and
academic functioning (Ursache et al., 2012) andcesithey undergo important

developments during this age period (Garon e808). To yield effects on executive
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functions, physical activity interventions shouladt only include moderate-to-vigorous
intensity and motor coordination demands but aksdaldored to the individual level of
motor coordination experiences of the participatagidren. Short questionnaires or
tests (e.g., Bayer, Jarczok, Fischer, Kries, & B&fKL.2; Petermann, 2008) can help to
identify children’s level of motor coordination. veover, the family context as well as
educational institutions offer great possibilitiesregularly and systematically promote
children’s motor coordination experiences. Thurming and encouraging parents to
foster motor coordination experiences in their di@ih, as for instance by integrating
physical activity games before dinner or regulgrstito the local swimming pool into
daily family routine, seems highly promising. Indéttbn, national curricula of early
education already emphasize that educational utistiis are obliged to support
children’s engagement in physical activity with alevdiversity of motor coordination
demands (e.g., KM BW, 2011). In this way, educatars sensitized to promote
children’s motor coordination development and madagdergartens have special
activity rooms that offer ideal conditions for ahién to experience diverse motor
coordination demands. Besides, cooperations betwaetergartens and local sports
club can facilitate children’s access to motor damation experiences, as for instance
by offering sports club activities in the kindergar. The present study further gives
scientific proof for the benefits of promoting motmordination experiences in children
(Roth et al., 2010). If more children have accessibtor coordination experiences on a
regular basis, physical activity interventions negd to improved executive functions

in the majority of these children.

5.5 Conclusions

The present dissertation shows that physical #@gtitias the potential of
improving affect in young adults and executive fimts in young children depending
on their motor coordination experiences. Thus, [@aysactivity has not only the
potential ofadding years to lifan terms of improved physical health shown in prio
studies, but also addding life to yearswith respect to enhanced affect and executive
functions and thus, improved mental health (cf.dBd& Mutrie, 2008, p.13). Further
on, ambulatory assessment has been identified advamtageous research approach in
the school context and in young adults’ daily livesportantly, the present dissertation
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allows a transfer of effects into everyday life dodpecific age groups and thereby fills
the gaps resultant from prior studies.

With respect to the high prevalence rate of phlatsinactivity, the present
dissertation supports the notion, that attemptsystematically increasing physical
activity across age groups are worthwhile to yieficts on mental health. With these
results on how to use physical activity to derieméfits for mental health, the present
dissertation makes important contributions for suppg health promotion and

educational success.
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GERMAN SUMMARY

Bewegungsmangel ist ein weit verbreitetes Phdnamdar westlichen Welt. Er
wirkt sich negativ auf die Gesundheit aus und tstéh vierthdufigsten Risikofaktor
globaler Mortalitat dar. Bewegung oder korperlicAdtivitat ist ein effektives
Werkzeug zur Verbesserung der physischen Gesundhditkann zudem auch zur
Verbesserung der psychischen Gesundheit dienenvd@legende Dissertation zielt
darauf ab, die potenziellen Vorteile korperlichektiditat fur den Affekt und die
exekutiven Funktionen, die beide Aspekte psychiscBesundheit darstellen, zu
untersuchen. Es werden insbesondere drei speafiBonschungsziele verfolgt. Zum
einen soll durch Anwendung ambulanten AssessmestsZdsammenhang zwischen
korperlicher Aktivitdt und dem Affekt im Alltag juyer Erwachsener untersucht werden
(Manuskript 3. Dartber hinaus werden die Anwendung ambulantegessments im
Schulkontext, das die Erfassung von korperlichetivAtidt, Affekt und exekutiven
Funktionen mit einschlie3t, sowie ihre Vorteile Zudrderung des Bildungserfolgs
Uberblicksartig zusammengefas#fanuskript 2. Zudem wird die Effektivitat einer
Bewegungsintervention zur Verbesserung der exeduti¥unktionen von jungen
Kindern in einer standardisierten Interventions&uchtersuchtNlanuskript 3. Durch
dieses Vorgehen erweitert und bereichert die wgelele Dissertation theoretische und
empirische Erkenntnisse auf zwei Arten. Zum einémnm sie insbesondere den
Transfer von Effekten ins tégliche Leben in den dokdurch die Anwendung
ambulanten Assessments. Zum anderen zielt sigaaffsche Altersgruppen ab, junge
Erwachsene und junge Kinder, die besonders empéaniiir die Vorteile kérperlicher
Aktivitat zu sein scheinen, da der Affekt jungemachsener besonders niedrig ist und
sich die exekutiven Funktionen junger Kinder in Batwicklung befinden.

Manuskript 1untersuchte die Zusammenhange zwischen korperliskivitat
und dem Affekt im Alltag junger Erwachsener. Aminiks Assessment wurde in einer
intensiven Langsschnittstudie mit 189 jungen Erwgaden tUber 10 konsekutive Tage
angewendet. Die Teilnehmer trugen einen Beschleaggmesser zur objektiven und
kontinuierlichen Erfassung moderater bis anstredgehorperlicher Aktivitat tber den
Tag hinweg und berichteten ihren Affekt vor dem &igpehen in Online-
Abendtageblichern mit Zeitstempel. Mehrebenenanmalysggaben signifikante
Zusammenhange zwischen der korperlichen Aktivitéit Bag und dem Affekt am
Abend desselben Tages innerhalb von Personen. ganTan denen die Teilnehmer
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korperlich aktiver waren als fir sie Ublich, betaten sie nicht nur einen geringeren
depressiven Affekt und weniger Arger am Abend, sondauch mehr Energie und
Gelassenheit. Diese Ergebnisse erweitern vorh&agfende durch die Evidenz aus dem
Alltag und durch den Fokus auf Zusammenhange zwisdtdrperlicher Aktivitat und
spezifischen Affektzustdnden. Darlber hinaus edauldie Ergebnisse, praktische
Implikationen fir Gesundheitsforderprogramme finge Erwachsene abzuleiten.

Manuskript 2gab einen Literaturiberblick Gber die Anwendung alafen
Assessments im Schulkontext. Es bot eine Einflihmurg ambulanten Assessment als
eine Methode, die die Untersuchung von Schwankumpdssiologischer und mentaler
Prozesse innerhalb von Schilerinnen und Schilemesdaehrkraften ermdglicht.
Genau genommen konnen intraindividuelle Verandesnongnd Schwankungen in
behavioralen (z.B. korperliche Aktivitat), affekéir und kognitiven (z.B. exekutive
Funktionen) Prozessen entdeckt werden, so wie &@rlitherweise innerhalb eines
Schultages oder Uber Tage hinweg auftreten. Dadkacim eine hohe o6kologische
Validitat erreicht werden und Kontextfaktoren vériscenster Modalitaten sind
erfassbar. Dartber hinaus kdénnen die Ergebnissellanibr Assessmentstudien in der
Schule die Grundlage fir Theorieentwicklungen zuioldgie von Schulleistungen
darstellen. Folglich hebt dieses Manuskript die teite der Anwendung ambulanten
Assessments in der Schule zur Unterstitzung desiiiserfolgs hervor.

Manuskript 3 beschrieb eine standardisierte Interventionsstuaie,der 103
junge Kindern teilnahmen. Die Studie untersuchte Hifektivitat akuter korperlicher
Aktivitat zur Verbesserung der exekutiven Funktionand berticksichtigte zudem den
moderierenden Einfluss von friheren motorisch-koativen Erfahrungen. Die Kinder
wurden randomisiert einer korperlichen Aktivitatsder sitzenden Kontrollbedingung
zugewiesen, die beide in einem 1:1 VersuchsleitactHSetting durchgefuhrt wurden.
Die exekutiven Funktionen wurden mit zwei Aufgalzkrekt nach den Interventionen
erfasst. Die motorisch-koordinativen  Erfahrungen rdem anhand eines
Elternfragebogens gemessen. Regressionsanalyggarzkeinen Unterschied in beiden
exekutiven Funktionsaufgaben zwischen Kindern in kiigperlichen Aktivitats- und
der Kontrollbedingung. Allerdings moderierten indwelle Unterschiede in den
motorisch-koordinativen Erfahrungen der Kinder Higektivitat korperlicher Aktivitat
fur die Verbesserung der exekutiven Funktionen. Kider mit niedrigerem Niveau
motorisch-koordinativer Erfahrungen ergaben sichatige Effekte von korperlicher

Aktivitat auf die exekutiven Funktionen im Vergleiczur sitzenden Aktivitat,
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wohingegen fiur Kinder mit héherem Niveau motorikdordinativer Erfahrungen ein
Trend positive Effekte korperlicher Aktivitat aufedexekutiven Funktionen andeutete.
Diese Ergebnisse ermoglichen es, kausale Inferetiben die Effekte korperlicher
Aktivitat auf die exekutiven Funktionen abzuleitand erweitern vorherige Befunde
durch die Anwendung standardisierter Methoden heigén Kindern. AufRerdem
konnen praktische Implikationen fiir den Einsatz pldlicher Aktivitdt in der
frihkindlichen Bildung abgeleitet werden.

Insgesamt zeigt die vorliegende Dissertation, dadperliche Aktivitat als
Werkzeug zur Verbesserung des Affekts bei jungemaBhsenen und der exekutiven
Funktionen bei jungen Kindern dienen kann und demnaur Verbesserung
psychischer Gesundheit. Dartber hinaus unterstraiehden Wert der Anwendung
ambulanten Assessments, um Evidenz im Alltagsleheerhalten, und insbesondere
der Anwendung im Schulkontext zur Bildungsférderurigolglich erbringt die
vorliegende Dissertation konzeptuelle Erkenntnigber die Potenziale korperlicher
Aktivitat zur Verbesserung des Affekts und der exelen Funktionen. Es werden
praktische Implikationen fur den Nutzen koérperlictivitat zur Gesundheits- und

Bildungsférderung, sowie mogliche Wege zukunftigerschungsarbeiten diskutiert.
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Zooming into Daily Life: Within-Person AssociationsBetween Physical

Activity and Affect in Young Adults

Objective: Negative affect in daily life is linkéd poorer mental and physical health.
Activity could serve as an effective, low-cost mntion to improve affect. However,
few prior studies have assessed physical activityadfect in everyday life, limiting the
ecological validity of prior findings. This studgnvestigates whether daily activity is
associated with negative and positive evening affegoung adults.

Design: Young adultdN = 189,Mdn = 23.00) participated in an intensive longitudinal
study over 10 consecutive days.

Main Outcome Measures: Participants wore accelaemsé objectively assess
moderate-to-vigorous physical activity continuousisoughout the day and reported their
affect in time-stamped online evening diaries befyoing to sleep.

Results: On days when participants engaged in anctieity than usual, they reported not
only less depressed and angry evening affect batrabre vigor and serenity in the
evening.

Conclusion: Young adults showed both less negatiemore positive affect on days
with more activity. Physical activity is a promigihealth promotion strategy for physical

and mental well-being.

Keywords: accelerometry; affect; physical activitytensive longitudinal design; within-

person association

Running head: Physical activity and affect withargons
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Introduction

How we feel is crucial for mental and physical iealransient and subjective
episodes of feelings that can be easily changezbhtext constitute affect (Cranford et
al., 2006). Negative affect (e.g., depressed, aragrg anxious affect) in everyday life is
associated with poorer mental and physical he@llafles, Piazza, Mogle, Sliwinski, &
Almeida, 2013; Kiecolt-Glaser, McGuire, Robles, 8a&er, 2002). Positive affect (e.g.,
vigor, serenity) in everyday life is associatedhwitor instance, longevity (Diener &
Chan, 2011).

Short-term fluctuations in negative and positivieeffrom day to day or within
days are a common phenomenon (Eid & Diener, 19BB)addition, during early
adulthood (between 20 and 30 years of age), negatfect is reported more frequently
(Stone, Schwartz, Broderick, & Deaton, 2010) anslitpe affect is lower than in later
adulthood (Carstensen et al., 2011). Because ofaffs®ciation between affect in
everyday life and health, this age group is theugoof the present study. Identifying
processes that may help young adults improve thairyday affective experiences is
important for both individuals (e.g., to improvealte and well-being) and for society

(e.g., to reduce health care costs) and may hawefiteefor health promotion.

Prior studies on the association between physicetivaty and affect

Physical activity is “any bodily movement [...] thatequires energy
expenditure” (World Health Organization [WHO], 201053) and a low-cost and easily
accessible intervention with multiple beneficiafeets. National and international
health boards recommend engaging in at least 3Qtesrof moderate activity 5 days
per week for primary prevention of chronic diseg8enerican Health Association,
2014; European Working Group, 2008). Meta-analydemonstrate that physical
activity interventions reduce negative affect widmall to moderate effect sizes in
clinical and non-clinical adult samples (e.g., @&ssed samples: Lawlor & Hopker,
2001; Rimer et al., 2012; healthy samples: Cond020importantly, the intensity and
frequency of physical activity seem to moderatedfiect on affect (Dunn, Trivedi, &
O'Neal, 2001). Engaging regularly moderate-to-vigorougphysical activityhas been
linked to reduced negative affect in cross-secti@tadies (e.g., Poole et al., 2011),
longitudinal studies (e.g., Mammen & Faulkner, 2048d intervention studies (e.qg.,
Parfitt, Rose, & Markland, 2000). So far, howeutie association between physical
activity and positive affect has been studied fesguently. Two meta-analyses suggest
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that physical activity interventions of low to medt intensity increase positive affect
(Puetz, O'Connor, & Dishman, 2006; Reed & Buck, @00Additionally, studies
addressing fatigue, which we refer to as a sligigative feeling of lacking energy, are
rather rare. One meta-analysis indicates that aeguilysical activity is associated with
less fatigue (Puetz et al., 2006). Potential meisihas that are discussed as drivers of
the positive influence of physical activity on affeare physiological processes (e.qg.,
increased neuroplasticity; Eyre & Baune, 2012) g@sgchological processes (e.g.,
increased self-efficacy; Ryan, 2008; for an ovesxviesee Lehnert, Sudeck, &
Conzelmann, 2012), with the joint effects of thpeecesses still in dispute.

In sum, previous research has supported the natfobenefits of physical
activity interventions in decreasing negative dffanod provided initial evidence in
terms of increasing positive affect. To derive irog@lions for health promotion and
enrich current activity recommendations, it is impat to analyze the interrelations

between activity and affect in young adults’ everytives.

The challenge of studying activity and affect withpersons in everyday life

The studies reviewed so far are based on comparisetween persons (i.e.,
cross-sectional studies, e.g., Poole et al., 2@bd) activity intervention studies (e.qg.,
Conn, 2010). The generalizability of these pri@utes on the activity-affect association
in everyday life may be limited for the followingasons. First, physical activity was
often assessed using self-reports of past actmibych overestimate the actual amount
of activity compared to objective measures of digtije.g., accelerometers; Prince et
al., 2008) and may be prone to recall bias. Secexukrimentally manipulated, directed
and supervised physical activity, as is commonlgliad in interventions studies (e.g.,
Conn, 2010), is likely quite different from natuyabccurring self-initiated activity in
everyday life. In everyday life, people engagetmictured activities (e.g., going to the
gym) as well as unstructured spontaneous activifeeg., commuting, household
chores) that add up to a total daily amount ofvatgti Whether naturally occurring self-
initiated activity is linked to affect has rarelyedn studied (for an exception, see
Kanning, Ebner-Priemer, & Schlicht, 2013). Moreqvtite generalizability of prior
results on the activity-affect association at thein-person level may also be limited:
Cross-sectional results on the activity-affect aggmn are based on comparisons
between persons, showing, for instance, that psradi habitually engage more often

in physical activity report more positive affecathless active persons (e.g., Pasco et
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al., 2011). These results, however, cannot be tijréransferred to the within-person
level because associations at the between-pergsbwitinn-person level may differ and
may even go in opposite directions (Hamaker, 2Malenaar & Campbell, 2009).
Thus, between-person results are not a valid soofréeformation for inferring how

physical activity and affect actually covary witlpersons across time in everyday life.

Importance of studying within-person associationstiveen activity and affect
in everyday life

The challenge of studying fluctuating experiences behaviors within persons
across time can optimally be met bytensive longitudinal designwhere the same
individuals are repeatedly assessed in their eegryidres (Bolger & Laurenceau,
2013). Intensive longitudinal designs are able dpture “life as it is lived" (Bolger,
Davis, & Rafaeli, 2003, p. 580) and can furthertdbnate to: (a) a more precise view of
day-to-day changes in individuals’ physieal acyiviand affect, as well as their
association, due to assessments that approxneatéme (b) a description of naturally
occurring physical activity and affect and thus enacologically valid data that
increases the generalizability of study results tduie fact that assessments were made
in real life; and (c) conclusions about within-person procesdes to repeated
assessmentwithin individuals (Fahrenberg, Myrtek, Pawlik, & Perrez, 2007; Reis,
2012).

So far, only a few studies have addressed themwjphrson association between
physical activity and negative affect in everyddg revealing mixed findings (for a
review, see Liao, Shonkoff, & Dunton, 2015). In Edcents, two studies found within-
person associations between objectively assesdptityaand reduced negative same-
evening affect (Gawrilow, Stadler, Langguth, Nauma& Boeck, 2016) and reduced
negative next-morning affect for female particiga(itangguth, Schmid, Gawrilow, &
Stadler, 2016). Some studies have shown no associatween activity and negative
affect on the within-person level in healthy adsdgimples (Giacobbi, Hausenblas, &
Frye, 2005; Hyde, Conroy, Pincus, & Ram, 2011; KagnEbner-Priemer, & Schlicht,
2015; Schwerdtfeger, Eberhardt, & Chmitorz, 2008ichW¥rs et al., 2012). In an
assessment of participants with and without depresself-reported daily activity was
not associated with negative affect in either gr@data et al., 2012). Methodological

limitations, such as the self-reporting of physiaelivity and the insensitivity of affect
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measures (i.e., in detecting short-term fluctuatiom affect) may explain the non-
significant findings in some of these studies.

Positive affect has been studied less frequenitjy some studies demonstrating
that self-reported episodes of activity are ass$ediawith increased positive affect
(Fortier, Guerin, Williams, & Strachan, 2015; Hyeeal., 2011 ; Kanning & Schlicht,
2010; Maher et al., 2013; Mata et al., 2012; Wishert al., 2012). This finding is
corroborated by two studies showing a within-perassociation between increases in
activity objectively measured via accelerometers iamproved positive affect within or
across days (Kanning, 2013; Schwerdtfeger et D8R Moreover, a few studies in
everyday life have provided initial evidence thatiaty is linked to less fatigue
(Kanning, 2013; Kanning et al., 2015).

The present study

To date, only a few studies have provided evidesrc¢he association between
activity and negative/positive affect on the witiparson level in everyday life. Many
of the available within-person studies focus on raptary activity effects (within one
day or across only a few days; e.g., Kanning, 2@&cBwertdfeger et al., 2008; Wichers
et al., 2012) although national and internationaivdy recommendations refer to a
daily activity level (i.e., 30 minutes of moderatetivity 5 days per week; American
Health Association, 2014; European Working GroupQ08. Whether this
recommended daily activity level is associated witiproved affect has rarely been
studied so far (for exceptions, see Gawrilow et2016). However, evidence of daily
activity effects on affect can help to further paim activity programs. Thus, the
present study investigates daily levels of objedyivecorded activity across 10 study
days.

Regarding the assessment of affect, the effectacbvity have mostly been
studied for either negative or positive affect (e@awrilow et al., 2016; Langguth et
al., 2016; Maher et al.,, 2013). However, subjectmeperiences and theoretical
arguments favour a more nuanced picture of affegpbd just negative and positive
affect. For example, Posner, Russell, and Pete(2005) distinguished between
unpleasant-deactivated (e.g., depressed affeagué&t unpleasant-activated (e.g.,
angry, anxious affect), pleasant-activated (e.gory and pleasant-deactivated (e.g.,
serenity) affects. The few existing studies asagsbbth positive and negative affect
(e.g., Mata et al., 2012; Schwerdtfeger et al.,820f/ichers et al., 2012) did not
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differentiate between unpleasant and pleasanttaffe#ficvarying activation levels (e.g.,
angry vs. depressed affect, vigor vs. serenity)assessed physical activity with
subjective reports (Hyde et al., 2011). By assegsaifect in a more nuanced way, the
present study extends past results by elucidatwgdctivity is associated with specific

affects.

Hypotheses and contributions of the present study

The present study investigated whether objectivagsessed moderate-to-
vigorous physical activity (from now on referred &s activity) in young adults
throughout the day is associated with same-evegiiiggt within persons. We expected
more activity than usual on a given day to be dasett with less negative affect (i.e.,
depressed, angry, and anxious affect) and highatiym affect (i.e., vigor, serenity) on
the same evening. Moreover, we explored whetheeraotivity than usual on a given
day is associated with fatigue.

With these research questions, this study prom@esidress two main gaps in
the current literature. First, the study findinge aelevant for informing existing
national and international guidelines (American lHe#&ssociation, 2014; European
working group, 2008) that recommend daily physalvity although few studies have
actually examined the effects of daily activityidPrevidence is mainly based on cross-
sectional, longitudinal or intervention studies. 8wudying the effect of daily physical
activity on evening affect, we will further add tine evidence base for these
recommendations of daily activity. Second, anothevel aspect of our study is the
assessment of both positive and negative affech wérying levels of activation.
Investigating the associations between objectivelgasured activity and specific
unpleasant and pleasant affects of varying actimdgvels will reveal whether and how
daily activity can serve as a tool for improvindeat and thus, support effective health

promotion.

Methods

Design and sample

In this intensive longitudinal study, young adylts= 189) wore accelerometers

and filled out daily diaries over 10 consecutivgsalnitially, 192 participants enrolled

! Ten days were chosen as study period to gainseptative data across one full week
including the weekend.
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in the study; three participants were excluded tludechnical problems with the
accelerometer, non-completion of any diary entweswithdrawal from the study,

resulting in 189 participating young adults (71% mem, age:Mdn = 23.00,

interquartile range = 7.00). The sample was higldlycated, with nearly all participants
holding a university entrance qualification (94%)damany enrolled as university
students (76%). The present sample showed no etbvavel of depressed affect
(10.5% of participants above the cut-off point, pamable to 12% in a representative
community sample; Hautzinger, Bailer, Hofmeister K&ller, 2012) and had normal
weight (body mass inde = 22.28,SD = 2.61; normal weight range: 18.50-24.90;
WHO, 2006). Participants were recruited in two dailection waves in Autumn 2013
and 2014 via flyers at a university in Germany asllvas via word-of-mouth

advertisement. All participants gave written infeghn consent to participate and
received a €5 voucher or university credits forirthgarticipation. The study was

approved by a national ethics review board (i.ern@n Psychological Society).

Procedure

Using an intensive longitudinal design, we assessgiyity continuously and
affect states with daily evening diaries acrosscifisecutive days. On Study Day 1
(i.e., Monday or Tuesday for most participants)tipgants met in small groups with
two trained experimenters who summarized study qumores and measured
participants’ height and weight. At that point, leggarticipant was provided with an
accelerometer and activity measurement started.sluaty lasted until Study Day 10
(i.e., Wednesday or Thursday of the following wémkmost participants). Participants
were instructed to wear the accelerometer duringirvgaand sleeping hours but to
remove it during water-based activities. The acoateter was attached with a belt to
participants’ waistbands on the non-dominant sidasuring valid measurement
(McMinn, Acharya, Rowe, Gray, & Allan, 2013). Oru8ly Day 1, participants received
links to the online background questionnaire antheofirst evening diary via email or
text message, depending on their preference. @eerdurse of the study, they received
daily links for the evening diaries. Participantere instructed to answer them right

before going to sleep (i.e., Study Days 2 to 9).
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Measures
Daily physical activity

This study focused on moderate-to-vigorous physetivity, which was
measured continuously with triaxial acceleromefd$cm x 3.3cm x 1.5cm; model
GT3X+; ActiGraph ®, Pensacola, FL, US) at a sangpliate of 60 Hz. Raw data were
band-pass filtered with a frequency range of 022.60 Hz to detect normal human
motion and aggregated into 60s-epochs using Aetilgf ®. To identify whether
participants actually wore the accelerometer, wedws recently improved algorithm to
distinguish between wear and non-wear time. Nonrvieae refers to time intervals
with consecutive zero counts for at least 90 mihilevallowing up to 2 min of activity
if no counts were detected during the 30 min bgiktneam and downstream of that
interval based on records of the accelerometerscaé axis (Choi, Liu, Matthews, &
Buchowski, 2011). Wear-time validated data was estavith regard to cut-off points
based on a vector magnitude that takes recorddldhree axes into account. This
scoring resulted in a measure of participants’ ydaibmber of minutes spent in
moderate-to-vigorous physical activity (> 2691 dsuper minute; Sasaki, John, &
Freedson, 2011). Participants with at least six$fiofiaccelerometer wear time between
filling out the morning and evening diary entries (see Kilhnhausen, LedhHairk, &
Schmiedek, 2013) and with at least four valid days of eight study days were
included in the analyses. When entries were misding mean time at which the
participant made morning or evening diary entri@s waken as the cut-off for the daily

accelerometer wear time calculation.

Daily affect

Participants rated their current evening affersing theProfile of Mood States-
15 (POMS-15; Cranford et al., 2006; McNair, Lorr, &dppleman, 1992). We used a

shortened version of the original POMS designedrépreated daily assessments to

2 Apart from the evening diaries, we also asked@pents to fill out morning diaries.

However, the current study focuses solely on exeaffect assessed in the evening diaries.

3 Mood refers to “an affective state of long durafitow intensity, and a certain diffuseness”
(Frijda, 2009, p. 258) and the original versioritef Profile of Mood States (McNair, Lorr &
Droppleman, 1992) instructs participants to andvesy they felt during the last week including
today. In contrast, affect can be seen as “a néysiplogical state that is consciously
accessible as a simple, nonreflective feeling” @Us2003, p. 147). This means that affect and
mood can be differentiated by their temporal couféerefore in this study we refer to affect
since we measured current affect in daily life.
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reliably detect within-person changes (Cranfordaket 2006). Participants answered
each item (“How do you feel right now?”) on a 54mptascale ranging from ¢t at all)

to 5 extremely. The POMS-15 includes five affect scales withethitems each:
depressed affecs@d, hopeless, discourageangry affect &ngry, resentful, annoygd
anxious affectgnxious, on edge, uneasyigor (vigorous, cheerful, lively and fatigue
(fatigued, worn out, exhaustedin order to take pleasant-deactivated affecb int
account, we also included a scale to assess seffeeliaxed, calm, at easeCohen,
Doyle, Turner, Alper, & Skoner, 2003). Mean scdseach individual and each affect
scale were calculated.

For all affect scales, we computed reliability esties on the between-person
level (i.e., referring to the reliability of indidual differences in affect across study
days), and on the within-person level (i.e., refgyrto the reliability of day-to-day
affect fluctuations; Shrout & Lane, 2012). For ewgnaffect, reliabilities on the
between/within-person level were as follows: .98/(@epressed affect), .94/.83 (angry
affect), .94/.66 (anxious affect), .96/.73 (viga®4/.71 (serenity) and .96/.76 (fatigue).
These reliability estimates are in line with preasty reported findings (e.g., Cranford
et al., 2006).

Data analyses

Data preparation

We used activity and affect assessments from SDads 2 to 9 (i.e., full study
days). Days 1 and 10 were excluded because partisifnad to get used to wearing the
accelerometer on the first day and brought back abeelerometer at individually
selected time points on Day 10. Before analysirgdiary data, we checked whether
the time stamps registered online for each diatgyemere in line with study protocol,
as recommended (e.g., Shiffman, Stone, & HufforD8). As participants were
instructed to answer evening diaries before gomgléep, we considered all entries
registered before 5:00 a.m. the next day as valid.

Within-person association between activity and exgaffect

As a result of our intensive longitudinal desigepeated assessments are nested
within participants. Thus, to analyze the withinrgmn association between daily
activity and same-evening affect, we used multilenedels (also called mixed-effects

models, e.g., Singer & Willett, 2003). Random slopedels were calculated for each
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affect scale to test for a within-person assoambetween activity and evening affect.
We centered all time-varying variables at both ghend mean and the person mean,
respectively, to decompose the effects of timeingrywariables (e.g., daily activity)
into their stable between-person part (eAgtivity-B indicates individual i's trait-like
tendency to be more physically active than othetigpants) and their time-varying
within-person part (e.gActivity-W; indicates individual i’'s state tendency on day béo
more physically active than usual). Equation 1 egpes a composite multilevel
regression for testing our hypotheses:

Affect = (yoo + Uoi) + (y10 + U1i) Day+ y1iWearTimeg + yoActivity-B; + (y12 + Uy)
Activity-W + &t 1)

Evening affect of a participanton dayt is predicted by the following five fixed
effects: (a) an intercept of affegko; (b) an average linear time trend indicating the
change in affect over the study days, centered agy B yi10; (C) the participant’s
accelerometer wear time on a given day, (d) the average activity of each participant
across all study dayss;; and (e) the daily within-person fluctuation othagarticipant
around their individual average activity,,. Additionally, three random effects are
included with mean 0 and varianee that account for individual shifts from the
sample’s average: (a) participant’s deviation frohe average intercepti; (b)
participant’s deviation from the average time tremgl and (c) participant’s deviation
from the average activity slope,. Importantly, the activity predictor on the within
person level tests the hypothesis that participaits engaged in more activity than
usual over the course of one day-t uz) show enhanced same-evening affect
(Affect;). To account for the longitudinal data structuve,modeled time dependence of
the residuals witta first-order autoregressive structuAR(, Singer & Willett, 2003).
All models were calculated with maximum likelihoedtimation analyses and with a
probability level ofp<.05 to indicate significance using IBM SPSS Stas22 ®. The
SPSS syntax used for the analyses is given in Abpen

Results

Compliance

Of 1,512 possible observations (i.e., 189 partimipax 8 study days), we

analyzed 1,377 observations with valid daily assesds of activity, and evening
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affect. Overall, participants showed high complantterms of wearing accelerometers
and filling out diary entries. Most participant2f®8, n = 173) had a complete set of
valid accelerometer wearing days from Study Dap 8.tOn a valid day, participants
wore the accelerometer for 14.12 hous® = 1.23) on average. With regard to valid
diary entries (i.e., entries with time stamps melwith the study protocol), participants
answered on average 7.40 evening diaries out Of @8sible entries. In addition, 86%
of participants had at least 7 of 8 valid eveningryd entries. On average, evening
diaries were answered at 11:00 p.BDE 62 min). In sensitivity analyses, we found no
significant correlation above = .12 (allp > .05) between any one indicator of valid

observations and various background as well ag dagessed variables.

Descriptive statistics

To highlight the different levels of aggregationesdriptive statistics are
presented in Table 1 separately for the betweesepeand within-person levels. The
intraclass correlation coefficient (ICC) indicatesv much of the variance originates on
the between-person level and thus allows inferencdse made about the degree of
variance attributable to within-person variatiordanresidual term (i.e., 1 - ICC). For
all affect variables, at least 50% of variabilitgnoiot be accounted for by individual
differences between persons, but occurs due toinapgrson variation and residual
error, thus calling for multilevel analyses. For ilglaactivity assessed with
accelerometers, 77% of variability (i.e., 1 - 0.28curs due to fluctuations within
persons and residual error. On average, partigpaamorted moderate levels of vigor
and fatigue and relatively low levels of anxiousgey and depressed affect in the
evening diaries. Variability in affect ratings wasesent at the between-person and
within-person levels, indicating that there werdividual differences in mean affect
ratings across the study period as well as flumnatin each person’s affect ratings
from day to day. In total, participants engagedalbout one hour of activity per day
(59.19 min). The typical person’s activity levelsanged considerably from day to day
(pooled within-person standard deviation for atyivED = 31.60 min/day). [Table 1

near here]
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Within-person association between activity and evenaffect

Consistent with our hypotheses, we found significaegative within-person
associations between activity and depressed asasedhgry same-evening affect. On
days where participants showed a 60-min increastivity over their person mean,
they also reported less depressed and less arfgot éfothy;, = -0.06). Surprisingly,
more activity than usual was not significantly assted with less anxious same-
evening affect.

In line with our hypotheses, we found significanbspive within-person
associations between activity and vigor as weleagnity in the evening. On days when
participants showed a 60-min increase in activirgrotheir person mean, they also
reported more vigor(, = 0.07) and more serenity.§ = 0.10).

Interestingly, more activity than usual was asdedavith higher same-evening
fatigue. With a 60-min increase in activity overparticipant’s person mean, same-
evening fatigue increased by 0.09 pointg)( Activity was also linked to evening
fatigue on the between-person level. Participaitits typically engaged in 60-min more
activity than others showed 0.29 pointg:) less evening fatigue on average. In
sensitivity analyses, we tested for effects of g@endge and weekday. There were no
main effects of these variables in predicting engraffect, nor did they moderate the
effects of activity on affect. Thus, we report there parsimonious models without

these covariates in Table 2. [Table 2 near here]

Discussion

This intensive longitudinal study in young adultsowed that daily activity
matters for affective well-being and thus suppodtional and international guidelines
(American Health Association, 2014; European wagkgroup, 2008) recommending
daily physical activity while few prior studies r@wactually examined the effects of
daily activity. Using a strong research designudahg objectively assessed activity and
daily online reports of positive and negative affélce study found evidence that daily
activity is associated with improved affect in #neening at the within-person level. On
days when participants engaged in more activity tsgual, they reported less depressed
and less angry affect in the evening, but not éssous affect. In addition, participants
reported more vigor and more serenity in the ewgin days with more activity than
usual. Exploratory analyses showed that more #&gtthian usual was linked to more

same-evening fatigue.
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First, our findings on the anti-depressant and enggucing associations of
activity corroborate previous evidence from crosstgnal, longitudinal, and
intervention studies (e.g., Conn, 2010; Mammen &llkzer, 2013; Parfitt, Rose, &
Markland, 2000; Poole et al., 2011; Puetz, O'Con&obDishman, 2006; Rimer et al.,
2012), while often no significant association wasirfd in within-person studies of
adults (e.g., Giacobbi, Hausenblas, & Frye, 200fddHet al., 2011; Kanning, 2013, et
al., 2015; Liao et al., 2015; Mata et al., 2012h8erdtfeger, et al., 2008; Wichers et al.,
2012). In line with studies in adolescent sampéeg.( Gawrilow et al., 2016; Langguth
et al., 2016), the within-person effects of acyivith the present study were relatively
small. Importantly, even low levels of negativeeatfare relevant, as the measures for
depressed and angry affect were designed to caplatvely intense negative affect
(i.e., by introducing such items &spelesor resentfu). The generally low levels of
negative affect in this healthy sample of youngl@admay account for the relatively
small effects. However, the small effects in thisdg, found in everyday life and over
the course of one day, may still be relevant, ggee&nces of slightly reduced negative
affect could accumulate over time and have longrtenplications for well-being. In
contrast to the within-person associations betwasivity and the two negative affect
scales depressed and angry affect, daily activiag not linked to anxious affect. This
lack of a within-person association may be attedub the relatively low within-person
fluctuations in anxious evening affect (see Table 1

For positive affect, we found evidence for a witperson association between
activity and positive same-evening affect: morevagtthan usual was associated with
more vigor and more serenity. These findings arenmwith prior studies in everyday
life (e.g., Fortier et al., 2015; Hyde et al., 20Khnning, 2013; Kanning & Schlicht,
2010; Maher et al., 2013; Mata et al., 2012; Schtfeger et al., 2008; Wichers et al.,
2012). Importantly, previous studies reporting gigant within-person associations
between physical activity and positive affect usadnpling plans where participants
indicated their momentary affect directly afterrgeiphysically active (e.g., Kanning,
2013; Schwerdtfeger et al.,, 2008) and often did differentiate between positive
affects with varying levels of arousal (i.e., viges. serenity; e.g., Mata et al., 2012;
Schwerdtfeger et al., 2008; Wichers et al., 20TAus, the present findings yield first
insights into daily activity effects and providepport for its benefits with regard to
specific positive affects (i.e., vigor and serenitjowever, an everyday life study with

a small middle-aged adult sample and longer tings lbetween assessments (i.e.,
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activity during the preceding 6 hours before affedasure) did not find a consistent
association between activity and positive affedayBkakis et al., 2015). Therefore,
further replication studies in young adults aredseke

For fatigue, exploratory analyses revealed contrgsassociations between
activity and evening fatigue depending on the lefehggregation: (1) On the within-
person level, days with more activity than usualevassociated with higher same-
evening fatigue, whereas (2) on the between-pelsesi, participants who typically
engaged in more activity than others reported &&ning fatigue. First, our within-
person finding is in contrast to some studies iergday life that have found less fatigue
but more energy after activity (e.g., Kanning, 20X8owever, we assessed fatigue on a
unipolar scale that might have teased apart feelofgenergy and fatigue. In addition,
higher evening fatigue after activity could benefigep quality (Kredlow, Capozzoli,
Hearon, Calkins, & Otto, 2015) and thus be intdgateas a positive activity effect.
Second, our finding of a fatigue-reducing assoamabf activity on the between-person
level could be due to the fact that regular actiléads to less overall fatigue, as has
been shown in intervention studies (e.g., Puet.eR006), possibly attributable to the
higher fitness levels of regular exercisers. Counsatly, these contrasting associations
impressively demonstrate that effects have to Isendangled at the within- and
between-person levels in order to gain deeper lmsigo the nature of the activity-
affect association.

Limitations and directions for future studies

This study has several limitations. First, infeeh@bout a causal effect of
activity in terms of enhancing affect cannot beivdst from the present study. Its
intensive longitudinal design allowed us to det@ctactivity-affect association within
persons that ruled out stable individual differenes alternative explanations of the
association. The study also established tempodarpwith daytime activity predicting
evening affect. This study provides evidence fa¥ pgromise of future intervention
studies in this age group; these studies couldbksitaa causal effect of activity by
experimentally increasing activity on specific daygh adequate washout periods
following these activity days and thus rule outdivarying alternative explanations of
the within-person activity-affect association foumd this study. Second, questions
about the underlying mechanisms linking activityd asffect within persons remain

unanswered and were beyond the scope of the custedy. The next step in this
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research program is to study potential mechanismadtivity effects on affect in daily
life, including psychological pathways (e.g., higheelf-efficacy and self-esteem),
physiological processes (e.g., lowered arousabrége hormonal changes), and social
processes (e.g., social support and companiongtsp)vell as the timing of these
processes. Moreover, future studies should alsoitdak account the physical and social
context in which activity is performed and affestassessed, as highlighted in previous
studies (e.g., indoor vs. outdoor, alone vs. witecs: Dunton, Liao, Intille, Huh, &
Leventhal, 2015; leisure vs. non-leisure time: Kagn2013). Third, distributions of
negative affect variables are skewed. Future rebBesdrould use items that differentiate
lower intensities of negative affect. Fourth, oample showed an elevated mean level
of activity (M = 59 min/day) compared to representative US anmuin&e adult samples
(i.,e., M = 32 min/day; Troiano et al., 2008; Lampert, Meksi& Muters, 2012). Thus,
our sample of young adults seems to be not repia@sen meaning that our findings
may not generalize to other populations differimgage or socio-economic status.
However, the age group at hand is highly relevaaiahse of elevated negative affect
during young adulthood (Stone et al., 2010).

Implications for health promotion

Based on the present findings, important impliceidor health promotion can
be derived. First, more activity than usual over tourse of a day is associated with
less depressed and less angry evening affect assvelore vigor and more serenity in
young adults. Thus, physical activity may be furtbmphasized as a health promotion
strategy (WHO, 2006) for managing unpleasant anehgaint affects of varying
activation levels. Meeting the daily activity recor@andations for physical health can
also boost mental health as measured by improveshimy affect. Thus, health
promotion programs related to increased activityusth target young adults, who often
experience increased levels of negative affect lmeer levels of positive affect
(Carstensen et al., 2011; Stone et al., 2010). Thiseasily be implemented by, for
instance, supporting young adults’ regular paréiign in community and university
exercise programs. Furthermore, daily levels ofsptat activity can be increased via
action planning (Sniehotta, Scholz, & SchwarzefQ3)0and self-regulation strategies
(e.g., implementation intentions; Stadler, Oettmg& Gollwitzer, 2009; monitoring
and feedback; Prestwich, Conner, Hurling, Ayresdyli&rris, 2016) that can be tailored

to individual needs.
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Conclusion

To our knowledge, this is the first study in evaydife with a young adult
sample demonstrating that days with more activigntusual were associated with less
negative evening affect and more positive evenffert Results are based on objective
assessments of physical activity and on time-stang#ine measures of affect, thus
extending previous research using self-reportedsiphl activity or paper-and-pencil
assessments of affect by presenting a more valiabdae (Kanning et al., 2013). In
light of young adults’ increased risk of experiengcinegative affect and low levels of
positive affect in everyday life, our findings tharsons can potentially influence their
affect with activity is highly encouraging. Conseqtly, increasing young adults’
physical activity could represent an important comgnt of health promotion programs
related to affective well-being as well as longyiehealth and may be an easily

accessible intervention.
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Zusammenfassung

Der Alltag von Schilerinnen und Schilern ist gepwé@gm Schwankungen des Lernertrags
und des Lerngeschehens. Ziel dieses Beitrags,igaesambulante Assessment als Methode
vorzustellen, die Zugang zu kurzfristig ablaufen@shwankungen psychischer und
physischer Prozesse innerhalb von SchilerinnerSghdlern oder Lehrkréften bietet.

Durch zeitlich eng aufeinanderfolgende wiederhblessungen wird ein neuer Blick auf den
Schulalltag moéglich. Besonders hervorzuheben istRidenzial ambulanten Assessments,
Lernprozesse im Kontext eingebettet aus einerindiraduellen Perspektive heraus zu
betrachten. Erste empirische Evidenzen zu Schwayghkudes Lerngeschehens als
Bedingungen der schulischen Leistung verdeutlicherRelevanz und den Nutzen
ambulanten Assessments. Fur eine Anwendung im &tagsmer sprechen viele Vorteile.
Die konkrete Umsetzung bleibt herausfordernd untamgt eine Kooperation zwischen
Wissenschaft und Praxis. Zukinftige Studien im Saniext sind fur alle Beteiligten

gewinnbringend.
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EINLEITUNG

Tag 1: Lea sitzt im Matheunterricht. Sie sollteesitlich Testaufgaben l6sen, aber
beobachtet stattdessen die Schiler im Pausenloim&ehte sich auch gerne bewegen. Als
die Zeit um ist, stellt Lea mit Erschrecken festssisie einige Aufgaben nicht bearbeitet hat.

Tag 2: Knapp eine Woche spater schreibt Lea einthééabeit. Heute ist ein guter
Tag: Sie ist mit dem Fahrrad zur Schule geraddtt fiihlt sich fit. Sie ist konzentriert und
bearbeitet alle Aufgaben.

Externe Faktoren, wie die Situation, der Kontexe dageszeit, das Verhalten
anderer Menschen, aber auch interne Faktoren, iggme Einstellungen, Erwartungen und
Erfahrungen, bestimmen unser aktuelles Erleben tahdeln. Das vorangestellte
Fallbeispiel der Schulerin Lea soll dies veranstibhen. Ihre Mathematikleistung schwankt
nicht nur aufgrund ihres Wissensstands, sonderh auégrund aktueller Erlebnisse und
ihrer Aufmerksamkeitsleistung. Diese Schwankungeasidsen auf psychischen und
physischen Prozessen innerhalb von Personen, die zit- und situationsabhangig
verandern. Zumeist bleiben diese kurzfristigen Psse unbeobachtet — fiir die Person selbst
und ihre Umgebung. Lern- und Leistungsschwankungen bei vielen Schilern zu
beobachten und bilden nicht nur eine mogliche Sgmpatik von Lern- und
Verhaltensproblemen. Eine punktuelle Abfrage dethdmatikleistung liefert lediglich eine
Momentaufnahme, die durch unterschiedliche Faktomsh Prozesse in einer spezifischen
Situation x Zeit - Kombination beeinflusst wird. D&aufig in Forschung und Praxis
vorgenommene reine Vergleich einzelner Messergsbrzsvischen Personen setzt einen
anderen Fokus als die Sichtweise auf den VergleachProzessen innerhalb einer Person.
Ein Vergleich zwischen Personen beantwortet digd;rab Lea in beiden Mathetests eine
bessere Note als ihr Nebensitzer bekommt. Jedobh dies keinen Hinweis auf die
Schwankungen von Lernprozessen einzelner Schu&riand Schiler und lasst somit aul3er
Acht, ob Leas Leistung an Tag 1 schlechter odélraan2 besser als fir sie selbst Ublich war.

Im schulischen Kontext sind Lernprozesse innerhatin Personen besonders
bedeutsam: sie konnen kurzfristig das Lernpotenbeginflussen und tragen dadurch
langerfristig zum Bildungserfolg der SchilerinnenduSchiler bei. Eine diagnostische
Analyse individueller Schwankungen von Lernprozeskann wiederum der friihzeitigen
personenspezifischen Forderung dienen.

Um Lernprozesse innerhalb von Personen zu untezsudignet sich die Methode

des ambulanten Assessment®as ambulante Assessment kann als Oberbegriff flr
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Forschungsmethoden betrachtet werden, die emationaéhaviorale und kognitive,
physische oder Umwelt-Zustande innerhalb von Persambulant d. h. in ihrem

natdrlichen Kontext und in Echtzeit, erfass&odiety for Ambulatory Assessn)ediel des

vorliegenden Beitrags ist es, das ambulante Assgg#smals Methode mit
Anwendungspotenzial im schulischen Kontext vordieste Dazu werden vorliegende
Forschungsbefunde sowie Herausforderungen und Raleritr die Forschung und Praxis
berichtet, die mit der Anwendung ambulanten Assesssreinhergehen.

Definition des ambulanten Assessments

Ambulantes Assessment zielt darauf ab, psychiscite physische Zustande im
alltaglichen Leben gemal einer festgelegten Frafy@sy und Messstrategie zu untersuchen
(Fahrenberg, 1996, S. 2). Es ist charakterisienttdtolgende Aspekte der Messung:

* Gegenstand: emotionale, behaviorale, kognitiv/sgsche oder Umwelt-Zustande

* Verfahren: subjektive oder objektive VerfahrentamBeachtung psychologischer
Gutekriterien

* Umsetzung: Papier-und-Bleistift oder technischerd®e, wie Computer, portable
Gerate, etc.

* Ablauf: zeitlich eng aufeinanderfolgende wieddtbdMessungen derselben Person

* Setting: im naturlichen Kontext und in Echtzeit

Als Messverfahren des ambulanten Assessments kdsuigektive Methoden des
Selbstberichts (z. B. Tagebticher) und objektive fAfeen (z. B. Bewegungsmesser)
eingesetzt werden. Um interpretierbare Messwerteerhalten, sollen die verwendeten
Verfahren die Gutekriterien einer wissenschaftliciessung erfillen (Kubinger, 2009).
Typischer Ablauf (Design) einer ambulanten AssesdfBéudie ist ein sogenannter
intensiver LangsschnittCharakteristisch hierfur ist eine dichte Dateeérng innerhalb
einer relativ kurzen Zeitspanne (Bolger & Laurenge2013), wie im Schulalltag
stattfindende, mehrmals taglich realisierte Messan@@. B. Konen et al., 2015). Zeitraum
und Erhebungsplan des ambulanten Assessments wabigmgig von der Fragestellung

und den interessierenden Schwankungen festgelebtgfberg et al., 2007).
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Vorteile des ambulanten Assessments fur die schulgshologische Forschung

Ambulantes Assessment ist eine bedeutende Metheddendpirischen Psychologie:
es ist alltagsnah, gibt die Mdglichkeit zur Untetsung intraindividueller Prozesse und ist

sensitiv fur multimodale Kontextfaktoren.

Alltagsnéhe — 6kologische Validitat

Okologische Validitat beschreibt die Ubereinstimmuter Studienbedingungen mit
den Bedingungen im echten Leben. Nur bei hoheraddfkether Validitdt von Studien
kénnen deren Ergebnisse auf reale Kontexte Uberiragerden. Ambulante Assessment-
Studien sind durch eine hohe o6kologische Validiggkennzeichnet, da menschliches
Erleben und Verhalten direkt in natirlicher Umgedpuerfasst wird (Fahrenberg, Myrtek,
Pawlik & Perrez, 2007). Zum anderen werden durehEifassung im Alltagskontext und in
Echtzeit potenzielle Verzerrungen retrospektivefr@gingen vermieden. Eine andere Art
von Informationen wird zuganglich, die das Erlehemd Verhalten als Momentaufnahme
zum Forschungsgegenstand macht. Erinnert sich lespiblsweise an ihre Stimmung
wéahrend des Mathetests an Tag 1, so berichtet esi®spektiv nach einer Woche
wahrscheinlich eine andere Stimmung, als sie eBasis einer taglichen Befragung in der
Situation getan héatte, denn eine retrospektive rétingsangabe wird auch von der aktuellen
Stimmung zum Messzeitpunkt beeinflusst (Brose, émzerger & Schmiedek, 2013).

Intraindividuelle Perspektive

Ein zweiter Vorteil ambulanter Assessments stelle diermit ermdglichte
Untersuchung von Phanomenen aus dimeaindividuellen Perspektivévithin-person¥ dar
(Hamaker, 2012). Viele psychologische Erkenntniseasieren auf Studien mit
guerschnittlichen Forschungsdesigns, in denen gioBe Anzahl von Personen zu einem
einzigen Zeitpunkt untersucht wird. In der Regelrde® hierbei Uber alle Personen der
Stichprobe hinweg aggregierte Kennwerte berechndtas erfolgen Vergleiche zwischen
Personen ifterindividuelle Ebene, between-perspnZum Beispiel wurde auf Ebene
zwischen Personen ein Zusammenhang zwischen deegésshwindigkeit und dem
Leseverstandnis gefunden (Wallot, O'Brien, HaussmHEioos & Lyby, 2014): Schuler, die
schneller lesen konnten als andere, zeigten aucheasiseres Textverstandnis. Allerdings ist
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der berichtete Zusammenhang nicht zwangslaufig Zawsammenhange innerhalb von
Personen Ubertragbar. Wirden den Schulern mehinredghalb kurzer Zeitabstande (z. B.
mehrfach pro Schultag) wiederholt Leseaufgabenetegy, so wére durchaus plausibel, dass
ein Schiler zu Zeitpunkten, zu denen er schnellsr tdblich liest, ein schlechteres
Verstandnis als fur ihn Ublich zeigt (z. B. aufgilumegrenzter Verarbeitungskapazitat). Der
Zusammenhang von Lesegeschwindigkeit und -versi&ndvére folglich nur auf
interindividueller Ebene linear positiv und konrdef intraindividueller Ebene hingegen
linear negativ verlaufen, wie in Abbildung 1 hypetisch veranschaulicht. Ein direkter
Transfer der Evidenz von der inter- auf die intdanduelle Ebene ist meist nicht mdglich
(Molenaar & Campbell, 2009jHier Abbildung 1 einftigen)

Des Weiteren ermdglicht ambulantes Assessment idigs$ting psychologischer und
physiologischer Konstrukte jenseits von stabilenrivtealen {raits) als verénderliche
Zustande $tated. Alltagsberichte weisen darauf hin, dass mensbbE Erleben und
Verhalten bedeutsame intraindividuelle Variabilitatufweist, wie beispielsweise Leas
tagliche  Aufmerksamkeitsschwankungen. Fokus ambehan Assessments sind
Schwankungen und Prozesse in einem zeitlich enggmmBn (z. B. von Tag zu Tag,
innerhalb eines Tages; Bolger & Laurenceau, 2018phsatze auf intra- und
interindividueller Ebene ergénzen sich (Tabelle Bgide Perspektiven sind notig fur eine
umfassende Charakterisierung menschlichen Erlelrah®/erhaltens (Schmitz, 200@Hier

Tabelle 1 einfligen)

Sensitivitat fir multimodale Kontextfaktoren

Eine weitere Besonderheit ambulanten Assessmehtzudem die Sensitivitat,
multimodale Kontextfaktoreemotionaler, behavioraler, kognitiver und physischastande
in situ und Uber die Zeit hinweg zu untersuchenn@Priemer & Trull, 2009). Zudem
kénnen introspektiv nicht zugangliche Prozesse lddiie ambulante Erfassung kognitiver,
behavioraler, physischer oder Umwelt-Zustande bedbar werden. Interessant wére
beispielsweise, ob Leas Aufmerksamkeitsleistungfedhtiell mit ihrer physischen
Aktivierung (z. B. messbar tber die Herzrate) zusamhangt.

Die Messung kontextspezifischer Vorlaufer und Folg®n Schwankungen kann
dartiber hinaus zur Ableitung von Interventionentrbgen. Beispielsweise konnte anhand
eines ambulanten  Assessments geprift  werden, ob s Leschwankende

Aufmerksamkeitsleistung auf ihre (Un-)Ausgeglichemhdurch (mangelnde) Bewegung
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zurtckzufihren ist. Die direkte Einbettung des alauien Assessments in den Kontext
ermoglicht somit, alltagswirksame Faktoren in dienKeption psychologischer Theorien

einzubeziehen.

ANWENDUNG DES AMBULANTEN ASSESSMENTS IM SCHULISCHEN
KONTEXT

Lernprozesse anzuregen, um erwinschte Lernzielermichen, ist ein zentrales
Anliegen des schulischen Unterrichts. Oesrnertrag spiegelt sich in (Uber-)fachlichen
Kompetenzen und erzieherischen Wirkungen der Scwider. Zudem ist der Lernertrag
multifaktoriell bedingt durch vorausgehentlernprozessedie aus dem wechselseitigen
Einfluss des Angebots in Form des Unterrichts dudieh Lehrkraft und insbesondere der
Nutzung dieses Angebots durch die Schilerinnen 8oHdiler resultieren (Helmke &
Schrader, 2015). Ambulantes Assessment kann zugnakdéischen Beschreibung von
Lernprozessen in Form von emotionalen, behavior&egnitiven, physischen und Umwelt-
Zustanden der Lehrkrafte (Angebot) und der Schiem und Schiler (Nutzung) dienen
und somit indirekt den Lernertrag beschreiben. lordérgrund steht dabei der ablaufende
Prozess von einem Zustand geringen Wissens undyarekompetenzen hin zu Zustanden
mit groRerem Wissen und mehr Kompetenzen (Schrai®@6). Ambulantes Assessment
bietet potenziell viele Mdglichkeiten, den resukieden Lernertrag durch Lernprozesse zu

beschreiben.

Beschreibung des Lernertrags

Ambulantes Assessment im Schulkontext unterscheideth von der
Lernverlaufsdiagnostikvor allem aufgrund seiner spezifischen Perspektad den
Lernprozess (Hasselhorn, Schneider & Trautwein,420Eokus ambulanter Assessment-
Studien sind tagliche und innertdgliche Schwankangemotionaler, kognitiver,
behavioraler, physischer und Umwelt-Zustande, dien dLernertrag beeinflussen.
Lernstandsschwankungen sollen hierbei durch zugliegende Lernprozesse sichtbar und
erklarbar werden. Ambulantes Assessment nutzt seim#n anderen Weg fur dasselbe Ziel,
Schwankungen von Lernertragen zu beschreiben. inLeeverlaufsdiagnostik hingegen
stehen Veranderungen des Lernertrags erfasst ankand Schulleistungstests oder
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curriculumsbasierten Mal3eilber l&ngere Zeitintervalle im Fokus. Beispielsgekann der
Entwicklungsverlauf der Rechtschreibkompetenz vonrun@schilern durch eine
wochentliche Testung mit gleich schwierigen Aufgaliber ein halbes Schuljahr abgebildet
werden (Strathmann, Klauer & Greisbach, 2010). Iregé&hsatz dazu werden mit
ambulantem Assessment kurzfristigere Schwankungeerfalb eines Tages oder von Tag
zu Tag untersucht.

Warum ist es sinnvoll, zeitlich kurzfristig Veranmdagen des Lernprozesses im
schulischen Kontext zu untersuchen? Alltagsberisipiegeln schwankende Lernertrage in
Form von Schulleistungen in zeitlich kurzen Abse&mavider. Leas Matheleistung schwankt
beispielsweise innerhalb einer Woche betrachtlighiste Studien mit erwachsenen
Probanden verdeutlichen die Bedeutsamkeit kogmiti@ehwankungen innerhalb von
Personen. Salthouse und Berish (2005) untersucl&eimwvankungen in der Wabhl-
Reaktionszeit, die mit kognitiven Indikatoren, waer Verarbeitungsgeschwindigkeit,
assoziiert ist. Mittels klingelnder Palmtop-Geré&tarden die Teilnehmer zur Bearbeitung
von 105 Aufgaben zuféllig Gber sieben Tage verteilaufgefordert. Schwankungen in der
Reaktionszeit innerhalb von Personen von einer Meszur anderen waren genau so grof
wie die Uber alle Messungen aggregierten mittldReaktionszeit-Unterschiede zwischen
Personen. Abhangig vom Zeitpunkt der Messung dneicdemnach dieselbe Person die
gleiche Reaktionszeit wie der im Durchschnitt sdistee oder langsamste Teilnehmer der
gesamten Stichprobe. Ambulantes Assessment islictolgiotwendig, um die kognitive
Leistung einer Person umfassend abzubilden undatgitsspezifische Faktoren zur
Erklarung kognitiver Schwankungen auf intraindivetlar Ebene zu identifizieren.

Kenntnisse uber kurzfristige Schwankungen kodnnenhtige Hinweise fir die
Interpretation von punktuellen Leistungsmessungeferh. Eine einmalige Mathetestung
kann somit — durch Kenntnis der individualtypisch@afmerksamkeitsschwankung —
differenziell interpretiert werden. Wissen wir kh@&sweise durch ein ambulantes
Assessment Uber mehrere Tage, dass Lea sich an,Taagdenen sie bereits sportlich aktiv
war (z. B. mit dem Fahrrad zur Schule geradelf issonders gut konzentrieren kann, so
kénnten fir sie optimale Testbedingungen geschaffemden, um ihre bestmdgliche
Matheleistung zu erfassen. Ambulante Assessmeiliedtuim schulischen Kontext sind
zentral, um kurzfristige Schwankungen von Lernpsse@ sichtbar zu machen und somit

Hinweise fir das Zustandekommen des Lernertraggehban.
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Beschreibung des Lernprozesses

Schwankungen von Zustanden der Schilerinnen undl&chbder Lehrkrafte, die
direkt mit dem Lernprozess zusammenhé&ngen und dametirag beeinflussen, sind
Gegenstand padagogisch-psychologischer  Studien @mhbulantem  Assessment.
Exemplarisch werden empirische Evidenzen schwardelnelnprozesse zusammengefasst.

Die Leistung in einem Schultest (Lernertrag) wirdsentlich von basalen kognitiven
Fahigkeiten, wie der Arbeitsgedéachtnisleistung, iffeesst. In der FLUX-Studie
(Assessment of Cognitive Performance FLUctuatiomsthe School ConteXt) wurden
tagliche Arbeitsgedachtnisschwankungem Schulkontext untersucht. Insgesamt 110
Grundschulerinnen und -schiler der 3. und 4. Kldsssrbeiteten drei Mal taglich an 31
aufeinanderfolgenden Tagen auf einem Smartphorseptiarte Arbeitsgedéchtnisaufgaben
(Konen, Dirk &  Schmiedek, 2015). Neben der Besdiueg der
Arbeitsgedachtnisschwankungen bestand ein weit&ies in der Identifikation ihrer
Pradiktoren und Konsequenzen. Deshalb sollten diul8r zusatzlich Fragen zur
Stimmung, Motivation und zum Schlafverhalten beamten. Es ergaben sich bedeutsame
intraindividuelle Schwankungen der Arbeitsgedadiémstung innerhalb eines Tages und
von Tag zu Tag. Zusammenhange systematischer Skbngen wurden identifiziert und
kénnen zur Erklarung von Lern- und Leistungsschwaigien beitragen.

Schwankungen im selbstregulierten Lernverhaliatersuchten Schmitz und Wiese
(1999) mithilfe taglich eingesetzter FragebtgenAllitagskontext von Berufsschilern. Die
teiinehmenden Schilerinnen und Schiler waren awfgeft, Gber 14 Tage vor einer
anstehenden Prufung hinweg jeden Nachmittag Leebiacher zu ihrem aktuell ausgeibten
Lernverhalten sowie zu motivationalen, affektivemdu situationalen Faktoren zu
beantworten. Zeitreihenanalysen zeigten signifié&kaBthwankungen des Lernverhaltens.
Beispielsweise nahmen die tatsachliche und effektiernzeit kurz vor der Prufung zu,
allerdings stieg auch die Diskrepanz zwischen lemle Schiler lernten beim Herannahen
der Prifung also eher ineffektiv.

Zudem werden Lernprozesse vemotionalen und motivationalen Schwankungen
beeinflusst (Schmitz & Wiese, 1999). Bestimmte Kehationen affektiver und
motivationaler Zustande sagten den Einsatz speladisLernstrategien vorher: Zum Beispiel
waren Lernsituationen mit geringer negativer Stimmgder Schiler und hoher intrinsischer
Motivation mit dem vermehrten Einsatz weiterfuhrend.ernstrategien (z. B. Literatur

suchen) assoziiert.
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Das Ausmal intraindividueller Stimmungsschwankungen kann white als
Gesundheitsindikator dienen und somit Grundvordmgegen des Lernens beeinflussen.
Ein ambulantes Assessment der Stimmung, realidigch 5-7 zuféllige Abfragen pro Tag
Uber eine Woche hinweg, zeigte einen Zusammenhamigclzen der Auspragung
intraindividueller ~ Stimmungsschwankungen und dem siken  risikoreichen
Gesundheitsverhaltens (Weinstein, Mermelstein, f@ai & Flay, 2008). Jugendliche,
deren negative Stimmung stark schwankte, gaben ereten Zigarettenkonsum an. Die
Erfassung schwankender Stimmungszustéande liefeot laformationen, die langfristig der
Gesundheitsforderung von Schilern dienen kénnen.

Schwankungen des Verhaltemgingen wiederum mit Stimmungsschwankungen
zusammen und kénnen somit ebenfalls den Lernprdzsssflussen: Eine Studie mit 119
Grundschilerinnen und -schiler untersuchte Schwaygtu der Bewegung mittels
objektiver Bewegungsmesser und selbstberichteiern@ing auf Smartphones (Dunton et
al., 2014). Vor und nach moderat-intensiver Beweguoerichteten die Schiler mehr
Energie. DarlUber hinaus zeigten aktivere Schuleingere Stimmungsschwankungen als
weniger aktive Schiiler. Folglich werden kurzfristi§chwankungen in Lernprozessen durch
die genannten ambulanten Assessment-Studien zugfénigld dadurch auch Lernertrage auf

eine neue Weise verstehbar.

Ambulantes Assessment als Intervention

Zusatzlich zur diagnostischen Beschreibung von &okwngen kann ambulantes
Assessment als Intervention zur Férderung von LlLrezgssen genutzt werden, da die
Selbstbeobachtung ambulant erfasster Zustandeveirmaltensanderung beeinflussen kann.
Beispielsweise ist das regelmalige Ausflllen stahsiarter Lerntagebtcher mit einer
zunehmenden Lernqualitdt assoziiert (Schmitz & WWjie2006). Durch ambulantes
Assessment kann weiterhin eine direkt im Kontextgebettete Intervention umgesetzt
werden Ecological Momentary InterventipiHeron & Smith, 2010). Vorteilhaft ist dabei,
dass adaptive Interventionen abhangig von ambudaifissten Parametern ermdglicht
werden. Zum Beispiel konnte ein Schiler bei ambduéfasster geringer Lernmotivation
eine individualisierte Nachricht auf dem Smartphoaehalten, um vorab gelernte
Selbstregulationsstrategien gezielt einzusetzemw(it@av, Morgenroth, Schultz, Oettingen
& Gollwitzer, 2013).
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Potenziale ambulanten Assessments im Klassenzimmer

Ambulantes Assessment birgt das Potenzial fur Qiagk im Klassenraum und
bietet dafiir neben den bereits genannten Vortajpmzifische Vorzige. Durch den Fokus
auf kurzfristige Veranderungen beim einzelnen Sahilird die Individualitat in
besonderem MalRe beachtet. Um den aktuellen Zustiaed Schilers zu beurteilen, kann
ein vorheriger Zustand desselben Schilers als &efedienenifdividuelle Bezugsnorm;
Rheinberg, 2001). Entwicklungen von Schilern, diesiozialen Vergleich, beispielsweise
auf Klassenebene, wenig auffallen, werden somiiagtich. Ebenso unterstitzt ambulantes
Assessment im Schulkontext die Aufdeckung kurzfest Schwankungen, die mit positiven
Lernertragen einhergehen, so dass perspektivistimalp Entwicklungen als kriteriale
Referenzen etabliert und frihzeitige Interventiomedglich werden. Praktisch gesehen,
kobnnen kurzfristige Veradnderungen in Form von gisgien Verlaufskurven
veranschaulicht werden. Ein ambulantes Assessmarin kdariiber hinaus einen
differenzierten Ausgangspunkt fur Beratungsgesmauit Schilern, Eltern, (Beratungs-)
Lehrkraften und/oder Schulpsychologen bieten. edinem Beratungsfall Gblicherweise
durchgefuhrten standardisierten Tests aul3erhalbretpdaren Unterrichts kénnen durch
Informationen des ambulanten Assessments im ré&dbualkontext erganzt werden.

Ein weiterer Vorteil ambulanten Assessments istaligache Implementierung im
Regelunterricht. Mittels portabler Gerate, wie Siplaones oder Bewegungsmessern,
kbnnen Messungen zeit- und situationsflexibel dirnek Unterricht durchgefihrt werden.
Die Handhabbarkeit wurde bereits in der Grundsclgeleeigt (Konen et al., 2015). Aber
auch ohne technische Geréate ist ambulantes Assetssme Klassenzimmer mdglich,
beispielsweise kbnnen Papierfragebdgen genutzteme@ekoppelt mit einem Wecker, der
die Aufforderung zum Ausfillen des Fragebogensdernen Ton angibt, ermdglichen auch
diese eine zeit- und situationsabhangige oder Higdambulante Messung.

Ambulantes Assessment reduziert Lernprozesse inuliSmfitext nicht auf eine
punktuelle Messung, sondern beriicksichtigt die iakieé Schwankung des Lernprozesses,
wie beispielsweise kognitive Schwankungen von Saimil (Konen et al.,, 2015).
Dementsprechend konnte ein Uber tagliche Messuaggregierter Kennwert ein valides
Abbild fur das tatsachlich vorhandene Lernpotenzales Schilers sein. Ambulantes
Assessment schwankender Prozesse, die das Lerefeschbeeinflussen, kann zur
Herstellung einer optimalen Lernatmosphére, abeih azur Gesundheitspravention der
Schuiler dienen. Schiler begegnen im Laufe ihrewiektung wiederholt anfordernde
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Ubergange im Bildungssystem (z. B. von der Grumi-die weiterfiihrende Schule).
Ambulantes Assessment kann die fur ein Gelingen Tansition relevanten Prozesse
greifbar und in einem zukunftigen Schritt férderbzachen.

Nicht zuletzt kbnnten im Zentrum eines ambulantesseSsments diagnostische
Beschreibungen von Schwankungen der Lehrkraft stebehwankungen in der Stimmung,
Motivation und Lehrleistung der Lehrkraft konnem flie Lernprozesse ihrer Schiler sehr
bedeutend sein. Die Gesundheitspravention fir &bk kann zudem durch Ergebnisse

ambulanten Assessments unterstiitzt werden.

HERAUSFORDERUNGEN DES AMBULANTEN ASSESSMENTS

Ambulantes Assessment zeichnet sich durch seineigaimige Perspektive auf
Prozesse innerhalb von Personen und seine Allthgsaéas. Allerdings stellen sich der
Forschung und Anwendung auch einige HerausfordemnBie Durchfihrung ambulanten
Assessments setzt eine freiwillige Teilnahme unaliexe Einwilligung der Schiler voraus.
Die Einhaltung des Datenschutzes ist besonders inblick auf die technologischen
Weiterentwicklungen zu gewahrleisten (Miller, 2012)Da Aufzeichnungen in
unvorhersehbaren Situationen mdglich sind, ist ins¢hluss an ein ambulantes Assessment
ein Aufklarungsgesprach mit den Teilnehmern wingsivert (Fahrenberg et al., 2007).

Zur Realisierung ambulanten Assessments sind sgparf methodische Kenntnisse
und zeitliche Investitionen notwendig, u. a. in Bgzauf den Ablauf einer ambulanten
Assessment-Studie, die Auswahl geeigneter Messwveria die Aufbereitung und
Auswertung der gemessenen Daten (Mehl & Conner,220Beispielsweise sind
anderungssensitive Messverfahren noétig, um kutigrisablaufende Schwankungen
abzubilden (z. BReliability of ChangeShrout & Lane, 2012) sowie spezielle statistische
Verfahren, um die Variation innerhalb von Personem analysieren (z. B.
Mehrebenenmodelle; Bryk & Raudenbush, 1987). Dieederholte Darbietung von
Aufgaben erfordert zudem die Kontrolle von Trairgaffekten. Eine Anwendung
ambulanten Assessments durch Lehrkrafte bendtighndeh eine wissenschaftliche
Begleitung. Haufig diskutiert wird auch, inwiewein ambulantes Assessment intern valide
ist, d. h. inwieweit das Messergebnis tatsachlial dbbildet, was gemessen werden soll.
Ambulantes Assessment erfolgt meist ohne direkterachung durch die Versuchsleiter,
so dass die interne Validitat nicht im selben Mafie in Laborstudien kontrollierbar ist.

Zudem sollte die Reaktivitat ambulanten Assessmahtsh. der Reaktionen durch die
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Messung selbst, Uberprift werden. Ambulantes Assexss erfordert Schiler oder
Lehrkrafte innerhalb eines Zeitraumes haufig wibdér mit Messsituationen zu
konfrontieren. Ein Kosten-Nutzen-Abgleich der Zuongen an die Probanden und des zu
erwartenden Erkenntnisgewinnes durch ambulantess&sgent scheint sinnvoll und kann

zusatzlich im Rahmen einer Prifung auf ethischeddehklichkeit erfolgen.

FAZIT

Eine breitflachige Umsetzung ambulanter Assessi8ardien in der Schule hat
begonnen. Besonders vorteilhaft sind die alltagspamultimodale Erfassung durch
ambulantes Assessment und die Madoglichkeit eineraimdividuellen Perspektive auf
Schulerinnen und Schiler sowie Lehrkrafte im Sobwiéxt. Erste Evidenzen weisen auf die
Relevanz von Schwankungen in Lernprozessen hirblakend sind weitere Messverfahren
zum ambulanten Assessment fur Forschung und Pzevesitwickeln. Zukiinftige ambulante
Assessment-Studien im Schulkontext erscheinen gelinnbringend fir teilnehmende

Schiler, Eltern, Lehrkrafte und Schulpsychologen.
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Tabelle 1

Ambulante Assessment- und Querschnitts-Studierigieich

123

Ambulante Assessment-Studien

Querschnitts-Studien

Messung

Ebene
Beschreibung
Konstrukte

Analysefokus

Mogliche Fragestellungen

Zeitlich nahe wiederholte Messungen
derselben Personen
Intraindividuell (Within-Persons)

Prozesse
Veranderliche Zustande (State)

Variation innerhalb von Personen,
z. B. durch Mehrebenenmodelle
Schwankt die Aufmerksatalastung

Punktuelle Messung verschiedener Personen

Interindivell (Between-Persons)
Diskreter Zustand
Stabibekvhale (Trait)

Variation zwischen Personen,
z. B. durch Tests auf Gruppenunterschiede
Welche Matheleistung erzielt Lea im

von Lea innerhalb eines Tages? Welche Vergleich zu ihrer Klasse? Welche Merkmale

Kontextfaktoren kénnen eine Schwankungerkléaren den Leistungsunterschied? Wie kann

erklaren? Wie kann die Schwankung
abgeschwacht werden?

der Leistungsunterschied abgeschwéacht

werden?
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Zwischen Personen Innerhalb von Personen

Prozentualer Anteil
verstandener Worter
Prozentualer Anteil
verstandener Worter

Anzahl der gelesenen Worter Anzahl der gelesenen Worter
pro Minute pro Minute

Abbildung 1 Zusammenhang zwischen Lesegeschwindigkeit undstamnis auf
Ebene zwischen Personen (links, Ellipse repraséntierschiedene Personen) und
innerhalb von Personen (rechts, jede Ellipse reptést eine Person; adaptiert von
Hamaker, 2012, S. 44).
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Abstract

Objective: Early executive functions are pivotat fature academic and social functioning.
Physical activity has been shown to improve exgeufunctions (i.e., cognitive aspects of
self-regulation) in adults, while to date the eféein young children are unclear. The present
study investigates the effectiveness of acute physictivity to improve subsequent executive
functions in young children and also takes the metdeg influence of motor coordination

experiences into account.

Method: Hundred-three children (46% girls; ad#:= 68.50 monthsSD = 12.93) were
randomly assigned to a physical activity or sittaantrol condition both conducted in a one-
on-one experimenter-child setting. Executive fumtsi were assessed with a behavioural and
a computerized task directly following the intertien. Motor coordination experiences, self-

control, and sociodemographics of the children vesseessed with parental questionnaires.

Results: Performance in both executive functiokgatid not differ between children in the
physical activity condition compared to the controbndition. However, individual
differences in children’s motor coordination expeges moderated the effectiveness of
physical activity: Low levels of motor coordinatieexperiences were linked to negative
effects of physical activity on executive functiooc@mpared to a sitting activity, whereas a
trend indicated positive effects from physical @t§i on executive functions with higher

levels of motor coordination experiences.

Conclusion: Acute physical activity is a promisingervention for improving executive
functions in young children when tailored to indival levels of motor coordination
experiences. Early support to increase young amnildrmotor coordination experiences may
lead to executive function benefits of physicahait for more children.

Keywords: physical activity intervention, motor coordinati@xperiences, young children,

executive functions, self-regulation

Highlights
* Experimental study of acute physical activity (Rects on executive functions (EF)
» Acute PA does not consistently improve EF in yoahiddren.
» Acute PA has to be tailored to children’s motor rcliaation level to improve EF.

* Increasing children’s motor coordination experiencey foster PA benefits on EF.
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Introduction

Self-regulation enables individuals to exert goatcted actions and comprises the
regulation of behavior, cognition, and emotion (Bl& Ursache, 2011). Self-regulation
abilities are indispensable for social and academmctioning and play an important role
already in early years of life. Executive functiorepresent the cognitive aspect of self-
regulation. Evidence highlights the predictive powkearly executive functions in preschool
children for their successful transition from piesal or kindergarten to primary school, such
as adaptive classroom behavior (Blair, 2002; Sucletzl Trommsdorff, Heikamp, Wieber,
& Gollwitzer, 2009), and academic achievement ozed above general intelligence and
academic precursor skills (Blair & Razza, 2007;3e Konen, Hasselhorn, & Krajewski,
2014). Executive functions can be separated im@etbomponents: (1) inhibition of prepotent
responses, (2) working memory, and (3) shiftinghtbe Juujarvi, Kooistra, & Pulkkinen,
2003; Miyake et al., 2000). The development of exge functions starts in early childhood
and is characterized by important changes duriegptlschool years, leading for instance to
an enhanced top-down control in inhibition tasksar@h, Bryson, & Smith, 2008). Large
improvements in executive functions are especservable in the preschool age (i.e., 5 to
7 years; Rothlisberger, Neuenschwander, Cimeli,aglfers, 2013). Concurrently, executive
functions are pivotal for children in the age ofo47 years since multiple adaption demands
are imposed (e.g., transition from preschool/kigdeien to primary school; Petriwskyj,
Thorpe, & Tayler, 2005). Thus, early interventi@sing to improve executive functions can
lay the foundation for children’s social functiogiand learning as well as their academic

success (Ursache, Blair, & Raver, 2012).

Physical Activity Interventions to Improve Executive Functions

A promising, yet understudied, approach for impngvexecutive functions in children
is the implementation of physical activity intertiems’ (Diamond & Lee, 2011) as these are
low cost, easily accessible, and yield additionasifive effects on children’s mental and
physical health (Ahn & Fedewa, 2011; Janssen & &medl 2010). To date, the effects of
physical activity to improve executive functions/eo and above other cognitive processes
(Colcombe & Kramer, 2003), have been predominardgmonstrated in adulthood
(Barenberg, Berse, & Dutke, 2011) and especialllate adulthood (Colcombe & Kramer,

* Physical activity interventions are conceptualizednost of these studies as exercise referringlanned,
structured and repetitive movements with the gdainoreasing physical fithess or motor skills (Caigen,
Powell, & Christenson, 1985).
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2003), while evidence in young children is stilasze as most reviews and meta-analyses are
based on studies in children or adolescents aged1B years (Best, 2010; Tomporowski,
Lambourne, & Okumura, 2011; Verburgh, Konigs, Sdeer & Oosterlaan, 2014).
Importantly, the development of executive functiamsdergoes fast changes during the
preschool years (Romine & Reynolds, 2005), leadinthe assumption that this age group
could easily be targeted by interventions.

One meta-analysis focusing on cognitive functionfjegy., as measured by academic
readiness, intelligence quotient) demonstrated yoanger children (i.e., 4 to 7 years) in
particular benefitted from physical activity intentions by showing improved cognitive
functioning with a moderately-strong effedt£ 0.40,SD= 0.26,n = 19 studies) compared to
older children (i.e., 14-18 years, Sibley & Etni2Z003). In the same way, a more recent meta-
analysis focusing on executive functions indicales physical activity interventions improve
executive functions in 6- to 35-year-old particitsmawith a strong effectd(= 0.52, 95%-CI =
0.29 - 0.76n = 19 studies; Verburgh et al., 2014). Thus, ih#gxdence of positive physical
activity effects on children’s executive functiassavailable.

However, the meta-analyses reviewed and reported faso include studies
implementing physical activity interventions vargigreatly in their duration: improvements
in executive functions have been demonstrated eftemic interventions, repeated regularly
across a fixed time span (e.g., 1 hourly sessisnveek for 6 months; Crova et al., 2014),
and after acute interventions as single-bout sesgie.g., one 20-min session; Best, 2012).
Advantages of acute interventions are an easielemmgntation in experimental and applied
settings and lower cost compared to chronic intg@rgas. Research in adults has shown that
acute physical activity interventiorlasting about 20 minmprove subsequent executive
functions (Brisswalter, Collardeau, & Ren, 2002;a68, Labban, Gapin, & Etnier, 2012),
with particularly strong effects fornhibition of automatic or predominant responses
(Barenberg et al.,, 2011). In the same way, soméiegun children found acute physical
activity to benefit solely inhibition with no effeon other executive function components
(such as shifting and updating; Jager, Schmidt,zE€lomann, & Roebers, 2014, Verburgh et
al., 2014).

Reviewing the few available studies in childrentthave investigated the acute
physical activity effects on executive functionseals mixed findings (e.g., Verburgh et al.,
2014). Some studies found improved inhibition perfance (Best, 2012; Ellemberg & St-
Louis-Deschénes, 2010; Jager et al., 2014) witbrapanying neurophysiological changes in

the P3 amplitude indicating enhanced attention @gpauring inhibition tasks (Hillman et
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al., 2009; Pontifex, Saliba, Raine, Picchietti, &8lidan, 2013). Other studies did not find
acute activity effects on children’s inhibition f@mmance compared to sedentary control
conditions (Mierau et al., 2014; Stein, 2016), ioyprovements in reaction times of working
memory tasks (Cooper, Bandelow, Nute, Morris, & iNeR012) and planning (Pirrie &

Lodewyk, 2012). Consequently, reasons for theseedhiresults may ground in (a) the
processes that lead physical activity to improvecetive functions, (b) the characteristics of
physical activity interventions and (c) the chaeaistics of the child as intervention recipient.
Thus, these three aspects have to be taken intmwaicevhen investigating whether physical
activity can improve executive functions in younigildren and will be outlined in the

following three sections.

Mechanisms of the Physical Activity Effects on Exetive Functions

To explain the mechanisms underlying the benefitghysical activity on executive
functions various processes have been discusseseThechanisms can be divided into (1)
physiological processes as well as (2) learningdewtlopmental processes (Sibley & Etnier,
2003). First, physical activity induces physioladiarousal leading to an increased cerebral
blood flow in the prefrontal cortex, an increasedease of brain neurotransmitters, like
norepinephrine and dopamine, and of the brain-ddriveurotrophic factor as shown in adults
(Hotting & Roéder, 2013; Winter et al., 2007). Theseysiological activity derivates may in
turn facilitate allocation of brain resources nesegyg for executive function performance (e.qg.,
Barenberg et al., 2011).

Second, developmental and embodied cognition teegmiopose that physical activity
causes cognitive improvements in children by théiligonteractions and movements in space
accompanying each physical activity (Piaget & Aeli®74; Wilson, 2002). In this way,
neurophysiological measures provide evidence forcl@se interrelation between the
cerebellum, activated during complex motor tasksl, the prefrontal cortex, activated during
executive function tasks (Diamond, 2000; Serriemy,l & Swinnen, 2007). Furthermore,
motor and cognitive skills have been found to hesely associated during early childhood
while this association seems to decline with agee(tker-Rehage, 2005) pointing to the
importance of early physical activity experiences tognitive improvements (Piaget &
Aebli, 1974). Taken together, physical activity mayprove executive functions via (1)
physiological and (2) developmental processes. d pathways differ in their assumptions of
which kind of physical activity may be most effeetifor improving executive functions.
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Characteristics of Physical Activity Interventions

The physiological and developmental pathways leadlifferent conclusions about
what characterizes an effective physical activityeivention. Characteristics of physical
activity interventions can refer to (fjuantitativephysiological demands and (@halitative
cognitive or motor coordination demands. First, blpgical arousal induced by physical
activity depends on the intensity level of physicadtivity following an inverted U-
relationship. Moderate-to-vigorous physical acyiviias been shown to be most effective for
increasing the cerebral blood flow (Moraine et 8893) as well as for improving processing
speed (McMorris & Hale, 2012) and is thus be asslinebe most effective for improving
executive functions. Studies in children, howevamparing different intensity levels of
acute physical activity interventions are missinga. Nevertheless, some studies in children
(7-11 years) indicate that acute physical activitierventions with moderate-to-vigorous
intensity enhance executive functions, especiailyibition, more than sedentary control
conditions (Ellemberg & St-Louis-Deschénes, 201aw@low, Stadler, Langguth, Naumann,
& Boeck, 2016; Hillman et al., 2009).

Second, several studies highlight the importanceoofidering qualitative aspects of
physical activity (Best, 2010; Pesce, 2012; Tompwsia, McCullick, Pendleton, & Pesce,
2015), as for instance theognitive engagemerduring physical activity referring to the
amount of cognitive resources, such as attenti@geded to perform physical activities
(Tomporowski et al., 2015). In physical activityerventions, cognitive engagement has been
conceptualized by increased cognitive demands dotred as add-on to physical activity
(e.g., via complex rules) or increasewbtor coordination demandsherent in physical
activity (e.g., via coordination exercise; for avieav: Best, 2010). Some studies show
improvements in executive functions or attentioeratognitively engaging physical activity
over and above the effects of mere aerobic exerdisined as physical activity without a
cognitive add-on (Best, 2010; cognitively engaggagmes vs. aerobic exercise: Jager et al.,
2014, team games vs. aerobic exercise: Pesce, (tavraatti, Casella, & Bellucci, 2009).
Moreover, physical activity interventions with motcoordination demands, as for instance
bilateral coordination tasks, have been shown tprave subsequent attention more than
aerobic exercise in adolescents of an elite spotisol (Budde, Voelcker-Rehage, Pietral3yk-
Kendziorra, Ribeiro, & Tidow, 2008). In contrasgnse other studies in children did not
reveal advantages of physical activity intervergionith additional cognitive or motor

coordination demands compared to mere aerobic iegemegarding executive function
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improvements (Best, 2012; Jager, Schmidt, Conzatm&rRoebers, 2015; Palmer, Miller, &
Robinson, 2013; Stein, 2016).

In sum, the few available studies support the motibat an intervention with
moderate-to-vigorous intensity and cognitive engag®, such as motor coordination
demands, seems to be most effective for improvkegetive functions in young children as
both pathways are addressed. However, due to tHagaous results for interventions
implementing cognitive engagement, characterigtidbe child as intervention recipient may
further moderate the effects on executive functions

Characteristics of the Child as Intervention Recipént

When focusing on the acute effects of physicalvagtion executive functions the
participant’s previous experiences with physicaivay may be an influential moderator
(Pesce, 2009). However, individual differences Itesy from chronic physical activity
participation, such as the aerobic fithess levemotor coordination experiences, have been
largely ignored in previous research.

Importantly, when focusing on children during theieschool years, physical activity
behavior in everyday life is characterized by shegontaneous bouts of physical activity
with varying intensity (de Bock et al.,, 2010). S&gbrepetitive and endurance-oriented
activities related to the aerobic fitness level mmely present in early years. Thus, the extent
of motor coordination experiences seems a validadteristic of young children’s physical
activity. Preliminary evidence for the moderatinjuence of motor coordination stems from
two studies: First, an acute coordination exeragiservention benefitted attention processes
over and above a mere aerobic exercise in adolssadnan elite sports school with
presumably high motor coordination skills (Buddealet2008). Second, children with deficits
in motor coordination or developmental coordinatdisorder (ICD-10: F82; World Health
Organization, 1990) have been found to show impi@téention after having participated in
a 6-month physical activity intervention with lovegnitive engagement, but not with high
cognitive engagement (Pesce et al., 2013). Inmetthildren with normally developed motor
coordination skills benefitted more from the comely demanding physical activity
intervention than from the mere activity interventi This finding is attributed to thagptimal
challenge pointwhere characteristics of the physical activityerention (e.g., cognitive
engagement) have to match optimally to charactesistf the child (i.e., motor coordination
experiences) to result in cognitive improvementsonsgquently, physical activity
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interventions developed for young children shouldteh to the children’s level of motor

coordination development.

The Present Study

Previous research highlights the effectivenesscateaphysical activity as one easy
applicable intervention that benefits executivections. Physical activity interventions with
moderate-to-vigorous intensity and cognitive engag® seem most promising to improve
executive functions. Furthermore, individual chéedstics of intervention recipients such as
motor coordination experiences seem to moderatrviention effects. To date, however,
evidence of standardized experiments investigatffcts of acute physical activity
interventions on executive functions in young ctaldis very limited (for exceptions: Mierau
et al., 2014; Palmer et al., 2013; Stein, 2016).dRddren in the age of 4 to 7 years, executive
functions are pivotal since this period imposestipi@ demands on executive functions
(Petriwskyj et al., 2005) and at the same time ingya developments of executive functions
take place (Romine & Reynolds, 2005). Therefore, dtirrent study investigates whether an
acute physical activity intervention with moderé&devigorous intensity and motor
coordination demands, compared to a non-physicatra@ocondition (i.e., sitting activity)
enhances executive functions in young children aged 7 years. We expect that children
show improved executive functions immediately atba@wving participated in the physical
activity intervention condition as compared to ttntrol condition. Moreover, we want to
explore the role of previous motor coordination exgnces for the effectiveness of the

intervention condition compared to the control dtad in improving executive functions.

Methods

Sample and Design

In total, N = 103 children (46% female; agkt = 68.50 monthsSD = 12.93) were
enrolled in the study and randomly assigned tceeidim intervention or control condition. We
used stratified randomization with four strata.(igarls/boys x young[4.0-5.9years]/old[6.0-
7.9years]) starting with a block length of 6 follesvby blocks of 4 to account for influences
of age (Romine & Reynolds, 2005) and gender (Matthdonitz, & Morrison, 2009). An a
priori power analysis indicated that 50 particigaim each condition are needed to have 80%
power for detecting a medium sized effect (e.ghley & Etnier, 2003) with the .05
probability for alpha error. Recruitment took plag@a flyers distributed in preschools,

kindergartens and primary schools as well as semdiia E-mail to students and staff of a
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German university. Parents gave written informedsent before study participation and
children received a €7 voucher for local bookstfme their participation. The study was

approved by the local ethics review board.

Measures

Executive functions.

Head-Toes-Knees-Shoulders tasko assess executive function performance we used
a standardized behavioral test, called Head-Toes-Knees-Shoulders t§fRTKS], Ponitz,
McClelland, Matthews, & Morrison, 2009; McClella@dCameron, 2012). According to the
authors, the HTKS measures attention processegjngomemory and inhibition manifested
in gross-motor actions (Ponitz et al., 2009, p.)6@hildren are instructed to perform the
opposite movement of what the experimenters tesntto do, as for instance to touch their
head when asked to touch their feet. The tasku&letil into three blocks with increasing
difficulty each starting with a short introducti@md practice trials with feedback before the
administration of 10 test trials. Children haveatthieve at least 4 points for getting into a
subsequent block and testing is stopped once tttag\ae less than 4 points in one block. The
first block starts with one pair (i.ehead-toey the second block additionally introduces
another pair (i.e.shoulders-kneg¢sand in the third block rules are switched (irew pairs:
head-kneesshoulders-fe@t Children are videotaped during the task anddbtaters code the
responses as being correct (2), incorrect (0) ooreected response (1) where the child is
starting with an incorrect movement but then cdmngcit to a correct response. Response
accuracy (i.e., sum scores across all blocks, ngnfyjom 0 to 60) coded by the blind raters
serves as indicator of executive function perforoearinter-rater reliability was calculated by
having three blind raters to code participants watrtly overlap between rating subjects
(Krippendorff'sa = .96;n = 50; Krippendorff, 2004). The high inter-ratehasbility is in line
with previous findings (Cohen’s = 0.90; Ponitz et al., 2009). For the analysesamratings
of the blind raters are used, but for 4 childressitn experimenter ratings were used as no
videotape was available due to technical issues.

Day-Night Stroop like task.To measure executive functions we also used the
computer-based child-adaptBdy-Night Stroop like tasfDNS], original: Gerstadt, Hong, &
Diamond, 1994; modification: Berlin & Bohlin, 2002n contrast to the original stroop task
(Stroop, 1935) pictures are used as stimuli instdaslords. Children are instructed to name
the opposite of what they actually see (e.g., say’“for a picture of a “boy”) after having

learned about four picture pairs (i.e., day-nighmall-big, girl-boy, up-down) shown as
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laminated paper cards in eight practice trials.efisure timely precise presentation, stimuli
are from then on presented on a laptop using thiéw&® DirectRT (Jarvis, 2008).
Experimenters instruct the children to answer a$ &ad correct as possible when seeing a
stimulus. Children start with a second practical tblock on the laptop followed by two
testing blocks with 24 trials each. Each trial tstavith a black screen and a centered white
fixation cross (1500ms) followed by stimulus preséon (first block: 1500ms, second block:
1000ms) and finally a black screen (1000ms). Thius, inter-stimulus interval is at least
1500ms and the response time can take up to 25@F0stdblock). Responses are categorized
as being correct (2) or incorrect (0) or correctechrs (1) where the child starts with saying
the incorrect response but then gives the correspanse. Response accuracy serves as
indicator of inhibition capacity and thus, sum ssoacross both blocks (i.e., ranging from 24

to 96) are used for the analyses.

Manipulation check.

Heart rate Interventions were developed to impose a moderagmsity level (i.e.,
physical activities) on children in contrast to ttohsessions demanding low intensity (i.e.,
sitting activity). Using an electrocardiographicvibe (ekgMove; Movisens®, Karlsruhe,
Germany) heart rate was measured objectively tosaregphysical activity intensity levels.
The small device (62.3mm x 38.6mm x 10.5mm) waseqaaat children’s thorax, at the right
of the sternum, with adhesive disposable electrathelsband aid. Raw data were aggregated
into 15s-epochs to include also short activity Bof{#.g., Bayer, Jarczok, Fischer, Kries, &
Bock, 2012) and the average heart rates per epech extracted using DataAnalyzer 1.7
(Movisens®, Karlsruhe, Germany). Raw data was goeaened for artefacts defined either as
(a) heart rates below 60 beats per minute (bpm,; El@ming et al., 2011) or above 250 bpm
(e.g., de Bock et al., 2010) or (b) multiple condge® records with the very same heart rate.
In both cases single records were deleted. If pieltiecords (i.e., > 30%) of one child were
missing, the whole recording was excluded from #malyses. Consequently, valid data
consisted of mean heart rates for every 15-s eouling from 60 to 250 bpm.

Affect and enjoyment.Children’s current affect was assessed using & s
assessment manikin scale (original: Bradley & Lat@94, German version: Conzelmann,
McGregor, & Pauli, 2015). We selected age-approprédfect adjectives based on previous
adaptions for the use in children (Sharp, van Gop&Goodyer, 2006) and further reduced
the number of affect adjectives to two for eacleetfitem Consequently, affect was measured

on a 5-point bipolar scale with two items representthe dimensions of (a) valence



MANUSCRIPT 3 136

(unhappy, bad-temperew happy good-temperedand (b) arousalcélm, relaxedto exited,
awakenell After the experimenter had described the poleshe scale, children were
instructed to indicate their current affect by gwig on one of the 5 manikins showing
varying expressions that fitted best to their dff@see material in Appendix A). Children’s
enjoyment of the intervention or control conditiwas assessed with four items that referred
to enjoyment and fun during the task, perceivediadity, perceived exhaustion and
motivation to repeat the task (based on Freitasiggids, 2002). Answers were given on a 3-
point ordinal scale with child-oriented graphicsaof empty, half-full and full barrel of water
(Bergstrom et al., 2015). Children pointed to tteerél labeled by the experimenter with

potential answers, as for instance with “no fualBt “medium fun”, or “a lot of fun”.

Moderator variable.

Motor coordination experiencesChildren’s motor coordination experiences were
assessed using a short parent questionnaire fachwel children (Bayer et al., 2012).
Importantly, the items refer to various physicatiaties differing in their motor and
coordination demands (see Appendix A). Across setans parents rated how often their
child regularly engages in the indicated activiyg(, “How often does your child play with a
ball?”) on a 5-point ordinal scale ranging fromelg(,neve) to 5 (e.g.,every day. Parent
ratings for each item are classified as indicatiohigh (i.e., value of +1) or low habitual
experience of the mentioned activity (i.e., valiel) depending on the frequency rated for
the item (Bayer et al., 2012). Sum scorefsall item responses were calculated for eachichi
As low frequent activities have negative valuegsth are subtracted from the amount of
highly frequent activities. Sum scores range fradho +7. These questionnaire scores have
been shown to be positively associated with objebti recorded physical activity in
preschool children’s daily lives (Bayer et al., 2DJas well as with preschool children’s

performance in a motor test (Bayer, Bolte, MorldRkickinger, & Kries, 2009).

® Bayer and colleagues (2012) categorized the same sato three equidistant categories of low, matieand
high levels of physical activity. However, we ughd sum score to avoid reducing the available mé&ion by
further categorization and since the sum scorevi@t a normal distribution in our sample. Moreowee, ran
all analyses with the categorized score and thisidt change the results.
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Background variables.

Self-control. Parents rated their children’s dispositional cégaxf self-control via the
brief self-control scale(Tangney, Baumeister, & Boone, 2004) translatedGerman
(Bertrams & Dickhauser, 2009) and adapted for patematings (Rauch, Gawrilow,
Schermelleh-Engel, & Schmitt, 2014). Across 13 getargeting thought control, emotion
regulation, impulse control, action persistencdjoacmonitoring, and the overcoming of
negative habits (e.gMy child is good at resisting temptatipnparents indicate to which
extent the statements matched their child’'s belmawiogeneral on a 5-point Likert scale
ranging from 1 ifot at al) to 5 exactly, with higher sum scores representing lower self-
control (i.e., range from 13 to 65). Scores ondbH-control scale are positively associated
with behavior problems (e.g., subscale of the $tterand Difficulties Questionnaire) and
negatively associated with academic performanceidR&t al., 2014). In the present study,
the questionnaire shows adequate reliability (Guitman’si, = .85) in line with previous
results (Rauch et al., 2014).

Demographic dataFinally, parents indicated demographics of theitdcfe.g., sex,
age, height, weight, German citizenship, languggeken at home) and of the family (e.g.,
highest school degree of both parents).

Procedure

The study took place in a one-on-one experimertgd-setting in a quiet room either
in the university or in the kindergarten. If thaldielt uncomfortable parents were allowed to
sit in the back of the room (this was true for Hldren). Experimenters were six research
assistants trained to follow standardized instamgiin repeated training sessions, including
for instance an online training for administerihg HTKS. The session consisted of two parts
with Part 1 including the experimental manipulati@e., intervention or control condition)
and with Part 2 including the assessment of depgndariables (e.g., executive function
tasks). Both parts were conducted by different erpenters, so the experimenter of Part 2
was blind to the condition in which the child hadrtipated previously to avoid any
prompting in line with the hypothesized outcomeg(eRosenthal effect; Rosenthal &
Jacobson, 1966). Both experimenters welcomed thd ahthe beginning of each session,
afterwards Experimenter 2 left. Experimenter 1ddtrced shortly the study goals and ensured
that the child was able to move without any paihef, the experimenter asked the child
about its currenaffectand attached the electrocardiographic device $sessing théeart
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rate to its thorax. Subsequently, the intervention ontml condition started whereby the
child was videotaped.

Intervention condition. In the intervention condition, children performeduf
different activity games embedded in a child-ogenhstory about a rabbit and a hedgehog.
Each game was especially developed to impose a nated®-vigorous intensity level
(approximately 55-90% of the maximal heart fatéorton, Norton, & Sadgrove, 2010) and to
demand motor coordination skills. To ensure thesmahds, games were adaptive so that
children received more difficult tasks with incremgperformance (i.e., two difficulty levels
in each game). Each game started with a shortdattion and the child had 3 minutes for
performing the instructed activities. To maintaitiwation, the child received a stamp for
each round performed within a game.

Control condition. In the control condition, the experimenter readay about rabbit
and hedgehog to the child and asked easy and apstians at regular intervals. The child
received a stamp for each answer or comment tqubstions. Both conditions were designed
to last 18 minutes.

After the intervention or control condition Expeenter 1 left the room and
Experimenter 2 returned. The child indicated itsrent affect and was asked about its
enjoymentof the tasks with rabbit and hedgehog (i.e., refgrto the intervention/control
condition). Then, th&lTKSand subsequently tigNSwere performed. Afterwards, the child
indicated its enjoyment of the HTKS and DNS. Fipathe experimenter thanked the child
for its participation and rewarded it with a vouchBuring the session the experimenters
noted the exact time of beginning and ending ofititervention and control condition. The

whole session was designed to last 50 minutes.

Statistical Analyses

To analyze any pre-existing differences betwealte@n assigned to conditions two-
sided t-tests were used in case of continuous anthally distributed variables. In case of
non-normally distributed variables we used Mann-Wy-U tests and for nominal variables
Chi2 tests. To test intervention effects in exeaifiunctions we ran regression analyses for
each measure of executive functions as outcomahtar{i.e., HTKS, DNS) with condition as
predictor. Additionally, we included motor coordiitan experiences as predictor and

moderator in the regression analyses and alsoatlmatrfor covariates, such as age, gender

® In the present study we refer to the maximal heset by relying on age-dependent norm values, (slahon,
Marjerrison, Lee, Woodruff, & Hanna, 2010; van @&ammen-van Zijp et al., 2010).
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and self-control. All predictors were centered la# grand mean or dummy-coded. Simple
slope analyses (Aiken & West, 1991; Dawson, 201%) the Johnson-Neyman Technique
(Johnson & Fay, 1950) were used to probe significgrractions and to identify the range of
significant values of the moderator. The level @ngicance was set tp < .05 for all

analyses.

Results
Preliminary Analyses and Manipulation Check

From the total sample of 103 children, 51 childweere randomly assigned to the
intervention condition and 52 children in the cohtrondition. Children in both conditions
did not differ with respect to background variablesch as age, gender, body mass index,
mother tongue, parent’s graduation level, self«anbr motor coordination experiences.
Besides, the conditions did not differ in testifgu@cteristic, as for instance in the setting of
the condition (i.e., university vs. kindergartemn)toning of the session (i.e., morning vs.
afternoon).

To ensure successful manipulation, heart ratesnduhe conditions were compared
with 71 children providing valid data (interventiom = 37; control:n = 34). As expected,
mean heart rates during the intervention conditi@ne significantly higher than during the
control condition § = 2.30 indicating an increased physiological arousahia intervention
condition. The mean heart rate in the interventondition M = 127.30 bpmSD = 10.61)
corresponded to 65% of the maximal heart rate foumg@revious studies (e.g., van der
Cammen-van Zijp et al., 2010) with individual hegates ranging from 54% to 79% of the
estimated maximal heart rate. In addition, childdeh not differ in their enjoyment of the
conditions. However, children in the interventiandition perceived this condition as more
difficult and more exhausting than children in ttwatrol condition and were also less willing
to repeat the condition. Children’s change in affatings (i.e., valence, arousal) from pre- to
post-condition did not differ between the interventand control condition. Details of these

preliminary analyses and manipulation check arermgin Table 1.

Intervention Effects on Executive Functions

Head-Toes-Knees-Shoulders taskerom 103 children, 3 children refused to take part
in the HTKS and one parent did not indicate his/tigitd’s self-control, that served as a
covariate, thus 4 cases were excluded from thessgm analyses. These children did neither

differ with respect to their assignment into théemention or control condition nor with
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respect to relevant background variables, such @®rntoordination experiences or self-
control. For performance in the HTKS, regressioralgses revealed no main effect of
condition in contrast to our hypothesis (see Ta)lel'hus, children having participated in the
intervention condition did not show improved penfi@nce compared to children in the
control condition. However, there was a significarteraction effect between condition and
motor coordination experiences (see Figure 1). ifberaction was probed by testing the
conditional effects of the intervention and contadndition at three levels of motor
coordination experiences, one standard deviatidowb¢he mean, at the mean, and one
standard deviation above the mean. As shown ineTablthe condition was significantly
related to HTKS performance when the level of matoordination experiences was one
standard deviation below the megn=<.015), but not when the level of motor coordiomt
experiences was at the mean or one standard aeviabove the mearp (>.05). The
coefficients of the simple slopes reflect an insneg trend, thus the higher the level of motor
coordination experiences the better the childreriopmed in the HTKS after the physical
activity condition compared to the control conditioln addition, the Johnson-Neyman
technique showed that the relationship between itondand HTKS performance was
significant when the level of motor coordinationperences was 0.51 standard deviations
below the mean but not significant with moderatehagh levels of the level of motor
coordination experiences. Children with lower lsvef motor coordination experiences (i.e.,
< -0.51 SD below the sample mean) performed worts #fie physical activity condition
compared to the control condition.

The interaction effec}(= 0.31) was the second most influential predi¢afier age3
= 0.60) of performance in the HTKS. The inclusidntle interaction term resulted in an
additional 4% of explained variance in the HTKS pamed to the explained variance of the
model without the interaction term. In line witheprous findings (e.g., age: Romine
& Reynolds, 2005; gender: Matthews et al., 2009ré¢ were significant main effects of age
and gender indicating improved performance for oldeildren ¢ = 0.60) and for girls
compared to boyg3(= 0.16). Motor coordination experiences and seiftol did not predict

children’s HTKS performance.

Day-Night-Stroop like task. From 103 children, one case was excluded from the
regression analyses due to the missing value afhih@'s self-control. For performance in the
DNS, regression analyses revealed no main effectcafdition. Motor coordination

experiences as well as the interaction betweenitondind motor coordination experiences
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did not significantly predict performance. Thereswa main effect of age indicating that
children showed improved performance with incregsaige § = 0.37). Gender and self-

control did not predict children’s performance.

Discussion

This experimental study investigated whether exeeuunctions in young children
aged 4 to 7 years can be improved by a an acuteenai@dto-vigorous physical activity
intervention with motor coordination demands comegatio a non-physical control condition.
In contrast to our hypothesis, children being raniyoassigned and having participated in the
physical activity intervention did not differ sidizantly in their executive function
performance from children having participated ie @ontrol condition. However, further
analyses revealed individual differences in motmrdination experiences as a moderator for
the effectiveness of physical activity comparedthe control condition in one of two
executive function measures, as it was hypothedroad previous results (Pesce et al., 2013).
Children with low levels of motor coordination ex@mces performed worse after the
physical activity intervention compared to the cohtcondition with regard to inhibition
performance in a behavioral task, but not in a asenwzed executive function task.
Moreover, descriptively, there was a trend indiggtihat children with higher levels of motor

coordination experiences benefit more from physacsilvity than from a sitting activity.

Intervention Effects on Executive Functions

The finding that acute physical activity did notprave the inhibition component of
executive functions more than a sitting activitgrgts in contrast to other studies in children
(Best, 2012; Ellemberg & St-Louis-Deschénes, 2Mi0man et al., 2009; Jager et al., 2014;
Pontifex et al., 2013), but is in line with somadses in children (Cooper et al., 2012; Jager et
al., 2015; Mierau et al., 2014; Palmer et al., 20RBrie & Lodewyk, 2012; Stein, 2016).
Importantly, the null finding with respect to thdysical activity intervention cannot be
attributed to existing differences in children’seagender, body mass index, parent-reported
motor coordination experiences or parent-reportdticentrol, nor to differential effects in
children’s enjoyment or changes in affect from pgoepost-condition between the conditions.
In addition, ceiling or floor effects in the exeimat function tasks were not present as
evidenced by accuracy scores in line with previdings (HTKS: McClelland et al., 2014;
DNS: Thorell, 2007). Further explanations for thissing positive effect of physical activity

on executive functions could be due to (a) difféedreffects in young children, or (b) the
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content of our physical activity intervention. Ejrthere is limited evidence available in young
children demonstrating that acute physical actiuityyroves subsequent executive functions
(e.g., Jager et al., 2014). Thus, it could be thatpositive activity effects shown in adults and
older children do not generalize to children aged 4 years. Moreover, young children differ
considerably with regard to their current developtakstate of cognitive and motor skills.
These individual differences in executive functi@sswell as motor coordination skills may
moderate the activity effects on executive funaiorhe null finding in the present study may
thus be attributable to mixed effects dependinglatdren’s individual characteristics. In line
with previous findings (Pesce et al., 2013), weluded children’s motor coordination
experiences as moderator of the activity effectsemacutive functions revealing further
results (see next section of Discussion).

Second, the physical activity intervention used the present study could be
characterized with regard to its (a) qualitative tonocoordination demands and (b)
guantitative intensity demands. Physical activibterventions with motor coordination
demands have been previously shown to benefit ¢éixecunctions in adolescents (Budde et
al., 2008). Importantly, physical activity with noot coordination demands in particular
should lead to improved executive functions by adsiing the pathway of developmental
processes. It could be argued, however, that darvention may have not been optimal for
addressing developmental processes due to its @velotor coordination demands. It is
possible that the level of motor coordination dedsamplemented in the physical activity
interventions has differential effects depending @nchild’s previous physical activity
experiences and developmental level (Pesce e2@l3). Thus, future studies manipulating
the amount of children’s previous experiences, @sifistance longitudinal intervention
studies, are needed.

As outlined above, the intensity of physical adyivimmay be one critical factor
influencing the effectiveness of physical activitjerventions. In the present study, mean
heart rate during the physical activity interventiadicated a moderate-to-vigorous intensity
(i.e., 65% of estimated maximal heart rate) thas baen previously shown to benefit
executive functions (e.g., Hillman et al., 2009hwéver, when looking on the time course of
children’s heart rates it becomes obvious that iwitach child heart rates fluctuated
considerably from moment-to-moment as it is alsoallg observable in young children’s
physical activity in daily life (de Bock et al., 20). Thus, the physical activity intervention
used in the present study, consisting of four eaddpted activity games, has the advantage

to provide higher ecological validity, but diffei®m previous physical activity interventions
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conducted with older children or in the lab wheagtigipants are instructed to perform steady
and endurance-oriented activities on a treadmileometer (e.g., Hillman et al., 2009).

Future research should address whether there figeedces in the effectiveness of physical
activity interventions with fluctuating versus sdgahysiological demands.

Moderating Effect of Motor Coordination Experiences

Individual differences in motor coordination exgerces moderated the effectiveness
of the physical activity intervention to improveesxitive functions. Children with low levels
of motor coordination experiences performed worser ahe physical activity intervention
compared to the non-physical control condition ibehavioral executive function task. This
result may be explained by neurophysiological evideand the theoretical notion of an
optimal challenge point (Pesce et al., 2013). Basedhe finding of a close interrelation
between the cerebellum, activated during motor dioation tasks, and the prefrontal cortex,
activated during executive function tasks (Diamo2@QO0; Serrien et al., 2007), it might be
that the cerebellum is only activated during cooation exercise if a certain amount of motor
coordination experience is available and that adstehildren with low levels of motor
coordination experiences show different neurophggioal activation patterns. Support for
this hypothesis stems from studies in children wigwvelopmental coordination disorder
demonstrating that they show under-activation ireloellar networks compared to normally
developed peers (Zwicker, Missiuna, Harris, & Bog2@11). In the theoretical term of an
optimal challenge point (Pesce et al., 2013) childwith low levels of motor coordination
experiences may have been overtaxed by the phyamtality intervention with motor
coordination demands.

Moreover, we found that the higher the level of onatoordination experiences the
better the children’s inhibition performance aftiee physical activity intervention compared
to the control condition. So, in line with the ratiof an optimal challenge point, it could be
that high levels of motor coordination experienaesa prerequisite to benefit from a physical
activity intervention with motor coordination denakn Likewise one study showing positive
effects of an intervention with motor coordinatidemands was conducted in elite sports
students that presumably have sampled a wide rahgeotor coordination experiences
(Budde et al., 2008).

Importantly, the moderating effect of motor cooation experiences was found for
inhibition performance assessed in a behavior&l (as., Head-Toes-Knees-Shoulder task),

but not in a computerized task (i.e., Day-Nighwe8jr like task). These tasks differ in the way
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how answers are given and thus require either nastaerbal inhibition (Campbell, Eaton, &
McKeen, 2002). Consequently, the moderating effectchildren’s motor coordination
experiences is limited to @ear-transferoutcome measure requiring motor responses that is
strongly linked to the intervention content. Thenputerized task requires verbal answers and
can be interpreted as a far-transfer measure shawti affected by individual differences in
motor coordination experiences in the present stuay explain this specific effect for
children with different levels of motor coordinatiexperiences in the near-transfer outcome,
physical activity may have influenced executivediions via the learning and developmental
pathway. In line with embodiment theories it coblel that movement-induced activation of
cognitive networks prime subsequent motor perfolgean the executive function task (e.g.,

Wilson, 2002). Further studies are needed to coraib this assumption.

Limitations

The present study has several limitations. Fitsg present finding of individual
differences in motor coordination experiences mailleg the effectiveness of physical
activity to improve executive functions needs tocberoborated in future studies with larger
samples. These results will allow to draw conclosi@bout general cut-offs of motor
coordination experiences needed for physical agthenefits on executive functions. Second,
in the present study we assumed that physicaligctivith additional motor coordination
demands might be more beneficial to improve exeeutunctions than a mere physical
activity intervention as both pathways — (1) phisgcal as well as (2) learning and
developmental pathway — are addressed. Howevéurttter test this assumption studies are
needed that (a) directly test the assumed mecharaswi that (b) compare physical activity
interventions with varying intensities and varyimgotor coordination demands. Future
research should also address assessment stratégiesabsolute level of motor coordination
demands to improve comparability across physicaviacinterventions. Third, we focused
on the effects of acute physical activity on sulbsed] executive functions. Questions about
the temporal sustainability of the effects remainanswered and require additional
assessments. Fourth, we relied on a parent queatrenfor assessing children’s motor
coordination experiences. Future studies may coreib our findings by assessing motor
coordination more objectively using standardizesist€e.g., {Petermann 2008 #523}). Fifth,
we tried to develop the physical activity interdent and control condition as similar as
possible and also included a comprehensive manipalaheck (e.g., heart rate measures,

enjoyment of intervention). However, the durati@rigd between both conditions in the way
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of a slightly (on average 4.30 min) longer physiaativity intervention than the control
condition. Although there were no differences betmwethe conditions with regard to
children’s enjoyment, future studies should enfamare parallel durations to enable more

standardized intervention comparisons.

Conclusions

To our knowledge, this is the first experimentaidy in young children aged 4 to 7
years investigating the effectiveness of physiazlvay for executive functions and the
moderating role of individual differences in motwordination experiences. In light of the
pivotal role of early executive functions for futusuccess in social and academic life, our
finding that physical activity with cognitive engagent can potentially influence subsequent
executive function performance in children with hidevels of motor coordination
experiences is encouraging. Consequently, phyatality interventions should be designed
to match the individual level of motor coordinati@xperience to constitute an optimal
challenge point. Moreover, physical activity intemions that aim at increasing children’s
motor coordination experiences can further extdred ienefits on executive functions for
children with low levels of motor coordination ex@aces. Early educational institutions can
support young children by offering physical acgvitvith a wide diversity of motor
coordination demands as it has been previouslygseg (Roth et al., 2010). For introducing
evidence-based physical activity interventions ilarge scale in kindergartens and schools,

future standardized studies in samples of younigl@m are indispensable.
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Table 1
Descriptive and test statistics for the backgroand manipulation check variables of the two cood#i
Variable Control Intervention Diff Total
n M SD n M SD p n M SD
Sample characteristics
Age [months] 52 6794 12.78 51 69.08 13.18 2656 103 68.50 12.93
Gender
Female 25 22 615 47
Male 27 29 56
Body mass index 47 1476 151 45 1472 1.23 190992 1474 1.37
gﬂxcgg:iggggii”aﬂon 52 033 3.08 51 067 349 556 103 050 3.27
Self-control 51 4342 9.16 51 4376 8.41 840 102 4359 8.74
Manipulation check
Heart rate 34 101.05 12.18 37 127.30 10.61 100071 114.73 17.39
Enjoyment 52 2381 0.49 51 2.75 0.52 %440 103 2.78 0.50
Perceived difficulty 52 146 0.64 51 1.84 0.64 .00% 103 165 0.67
Perceived exhaustion 522 133 051 51 2.10 0.78.00¢ 103 171 0.76
Motivation to repeat 52 2.46 0.78 51 2.16 0.83 .048 103 2.31 0.82
Affect
Valence pre-post 52 0.21 0.67 51 -0.04 0.85 702 103 0.09 0.77
Arousal pre-post 51 0.08 0.69 51 -0.04 1.18 794 102 0.02 0.96

Note ‘t-test,”> Mann-Whitney-U test Chi*-test; in bold ifp < 0.05.

155



MANUSCRIPT 3 156

Table 2
Regression analyses: Predicting executive funct@am®rmance
n B SE(B) B t p F df p adj.R2 AR?2

Head-Toes-Knees-Shoulder task
Overall model 99 12.87 6,92 <.001 .42

Age 0.70 0.09 060 7.62 <.001

Gender 4.87 240 0.16 2.03 .045

Self-control 0.12 0.14 0.07 0.86 .393

Condition -2.10 230 -0.07-091 .364

Motor coordination experiences -0.95 055 -0.21.74 .085

gfp”e‘izt;%r;;'\gomr coordination 193 074 031 260 .011 04
Day-Night-Stroop like task
Overall model 102 5.12 6,95 <.001 .20

Age 0.68 0.17 0.37 4.07 <.001

Gender 4.21 439 0.09 0.96 .340

Self-control 0.44 025 0.16 1.72 .089

Condition -7.43 423 -0.16 -1.76 .082

Motor coordination experiences -0.01 0.99 -0.00.01 .989

Condition*Motor coordination 115 134 012 0.86 303 005

experiences

Note Age, self-control and motor coordination expetenare centered at the grand mean; dummy-codedbles: gender with
boys: 0, girls: 1, condition with control: O, intention: 1, in bold if < 0.05.
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Table 3
Simple slope analyses: Conditional effects of thedition on HTKS

performance depending on the level of motor co@titam experiences

Motor coordination

experiences unstand. Coeff. t p
Low level (- 1 SD) -8.17 -2.49 .015
Moderate level (mean) -1.91 -0.83 409
High level (+ 1SD) 4.36 1.29 .199

Note HTKS: Head-Toes-Knees-Shoulders task, condisatummy-coded with
control: 0, intervention: 1; in bold g < .05
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Figure 1 The level of motor coordination experiences matkes the effect of condition
(intervention vs. control) on executive functionfpemance in the Head-Toes-Knees-
Shoulder task.
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Appendix A
Assessment of motor coordination experiences witlhé questionnaire of physical
activity in preschool children (Bayer et al., 2012)

(1) Do you or other persons take your child for swimg®in

(2) How often does your child climb on trees, wall barsimilar?
(3) How often does your child play with a ball?

(4) How often does your child play tag?

(5) How often does your child ride a bike or use a ldgc&oter?
(6) How often does your child skate (roller skatesnmkkates)?

(7) Does your child attend a sports club or sports jgPou



