TuTi

Fakultat fir Sport- und Gesundheitswissenschaften

Technische Universitat Minchen

Professur fir Sport- und Gesundheitspadagogik

Application of Recent Approaches in Assessment, Analysis and
Explanation of Adolescent Physical Activity — Laying the

Groundwork for Tailored Interventions

Joachim Stefan Bachner

Vollstéandiger Abdruck der von der Fakultat fir Sport- und
Gesundheitswissenschaften der Technischen Universitat Minchen zur
Erlangung des akademischen Grades eines

Doktors der Philosophie (Dr. phil.)

genehmigten Dissertation.

Vorsitzender: Prof. Dr. Filip Mess

Prifer der Dissertation: 1. Prof. Dr. Yolanda Demetriou

2. Prof. Dr. Javier Molina-Garcia

Die Dissertation wurde am 20.01.2021 bei der Technischen Universitat
Minchen eingereicht und durch die Fakultdt for Sport- und

Gesundheitswissenschaften am 23.03.2021 angenommen.



Acknowledgements

This work is the product of the efforts of many people who | would like to thank for their
support during my dissertation project.

First, | would like to thank my supervisor Yolanda Demetriou for her guidance in the
development of the project, for providing me with all the necessary resources for its
realization and for her thoughts and support throughout my dissertation.

| further want to thank Javier Molina-Garcia, Xavier Garcia-Mass6 and the
colleagues of the Physical Activity and Health Promotion Group for their scientific support
and incredible hospitality during my two research stays at the University of Valencia. By
introducing me to the person-oriented approach in the explanation of physical activity, they
substantially influenced the content of this work.

The publications included in this dissertation are the result of a fruitful cooperation
with my co-authors who | would like to thank for their ideas and support.

| would like to thank the student assistants who contributed especially to data
analysis and preparation and provided support in searching for relevant literature.

A main foundation of this work represents the willingness of teachers and students
to take part in our project. Without their participation, the presented analyses and studies
would not have been possible.

Furthermore, | want to thank my colleagues and friends of the Professorship of
Educational Science in Sport and Health and the Professorship of Didactics in Sport and
Health. | benefited a lot from their experiences and ideas. Apart from that, the friendly and
relaxed atmosphere, the shared humour and enthusiasm for all kinds of ball games often
made work feel less like work and | am thankful for the friendships that evolved during my
dissertation.

Most importantly, | want to thank my family, partner and friends for their interest,
shared laughter, their patience, for believing in me and for their unconditional support, which
are the main reasons | could enjoy life and work during the past years.



Table of Contents

List Of ADDIeVIiatioNS ... 1
Y 1] = T (PR 2
B N [ 0110 Yo [ T o o R 4
1.1 Relevance of Physical Activity and Sedentary Behaviour for Children and
AdOIESCENES ... 5
1.2 Status quo of Physical Activity and Sedentary Behaviour of Children and
AdOIESCENES ... 6
1.3  Measurement of Physical Activity and Sedentary Behaviour of Children and
AdOIESCENES ... 7
1.4  Explanation of Physical Activity and Sedentary Behaviour of Children and
AdOIESCENES ... 11
1.4.1 Most Popular Theories for Explanation and Promotion of Physical Activity
and Sedentary Behaviour of Children and Adolescents ........ccccceevvviinnnneen. 11
1.4.2  Most Relevant Constructs for Explanation and Change of Physical Activity
and Sedentary Behaviour of Children and Adolescents ........cccccceevvviinnnneen. 15
1.5  Psychometric Measurement of Constructs Related to Physical Activity and
Sedentary Behaviour of Children and Adolescents ..........ccccveeeeeeeiiiiiiiiiieennenn. 17
1.6  Different Methodological Approaches in the Explanation of Physical Activity
1T F= YT T | PP 18
1.7 Critique of Previous ReSEarch ... 19
1.8 AIMS Of the STUGIES ...eeeiiiie i 21
P2 /1= { T o (o] (oo VAPPSO PPPTRPR 22
2.1 SHUAY T e 23
2.2 SHUAY 2 e e e r e e e e e e e 24
2.3 SHUAY B .o 25
R T ¥ o= (o PR 27
R 0 I g 11 = e R 27
2 411 = 2 46
O TR T g 11 1= SR 60
4 GeNEral DISCUSSION........uuiiiiiiii ettt e e e e e e e e e e e e e e e s eeeeeaeeeeeeannes 72
4.1  Measurement of Physical Activity and Sedentary Behaviour of Children and
Adolescents by Means of ACCelerometry ..........oocccuiiieiiiiiiiiiieee e 72
4.2  Examination of Physical Activity Behaviour of Children and Adolescents by
Means of the Person-Oriented Approach..........cccoocueeiiiiiiei i 74
4.3  Future Research Perspectives. ..o 77

LS ©7 0 Y2 (o1 V1] (o o [T 79



6
7
8

References...........

List of Publications

REPIriNt PEIMISSIONS ......eieiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeseesesssssesessssnsssssssssnsnssnsnsnnnnnns



APNSEQ
BPN
BPNSFS
BREQ-2
EMA
ENERGY

GINI
HELENA
Hz
IDEFICS

KiGGS

MATLAB
MCFA
MVPA
PA

PE

SB
SDT
SES
SOM
SPSS
VM
WHO

List of Abbreviations

Adolescent Psychological Need Support in Exercise Questionnaire
Basic psychological needs

Basic Psychological Need Satisfaction and Frustration Scale
Behavioural Regulation of Exercise Questionnaire 2

Ecological momentary assessment

European Energy Balance Research to Prevent Excessive Weight Gain
Among Youth

German Infant Nutrition Intervention Programme Study

Healthy Lifestyle in Europe by Nutrition in Adolescence

Hertz

Identification and Prevention of Dietary- and Lifestyle-Induced Health
Effectsin Children and Infants Study

German National Health Interview and Examination Survey for Children
and Adolescents

Matrix laboratory

Multi-level confirmatory factor analysis

Moderate-to-vigorous physical activity

Physical activity

Physical education

Sedentary behaviour

Self-determination theory

Socioeconomic status

Self-organizing maps

Statistical Product and Service Solutions

Vector magnitude

World Health Organization



Abstract

Engaging in regular physical activity and limiting sedentary behaviour are effective ways for
children and adolescents to gain short- and long-term health benefits. However, according
to the vast majority of empirical studies assessing physical activity and sedentary behaviour
with subjective and device-based instruments, most children and adolescents lead an
unhealthy lifestyle with regard to their physical activity behaviour. Efforts to explain
interindividual differences in physical activity by searching for generally relevant
determinants in children and adolescents have led to inconsistent results across different
studies. Intervention programmes trying to increase physical activity by targeting potential
determinants via specific behaviour change techniques mostly provoke non-significant or
small effects. Using data of female sixth graders attending German Realschule, this
dissertation project addressed both the measurement and the explanation of physical
activity by applying recent approaches that have rarely been used in previous research. In
the first study, accelerometry was used to assess participants’ physical activity and
sedentary behaviour with high resolution and accuracy. Furthermore, the accelerometer
sampling and processing criteria used in this study were compared to the criteria applied in
previous large-scale national and international studies and implications of this comparison
were discussed with regard to the accuracy of the results. In contrast to the traditional
variable-based approach which is mostly applied to explain interindividual differences in
physical activity, the second study used a person-oriented approach to find out how
psychosocial resources affect physical activity behaviour of female sixth graders by their
coexistence and interaction. To ensure that the measurement of potential psychosocial
determinants of physical activity is as reliable as the assessment of physical activity itself,
the third study illustrated a thorough multi-level validation of psychometric scales using the
example of the German physical activity self-efficacy scale. Results of the first study
indicated that while the average physical activity behaviour of the sample complied with the
respective guidelines, sedentary behaviour was alarming. It was further discussed that the
participants’ physical activity scores would have been underestimated and sedentary
behaviour scores would have been overestimated if accelerometer sampling and
processing criteria of previous large-scale studies had been used. Consequences of biased
physical activity and sedentary behaviour assessments were discussed with regard to the
evaluation of the effectiveness of intervention programmes and the development of physical
activity guidelines. The person-oriented approach applied in the second study identified
three distinct profiles regarding the physical activity-related psychosocial resources. These
profiles illustrated that participants who perceived more support by their physical education
teacher regarding their basic psychological needs autonomy, competence and relatedness
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were more satisfied in these needs during and outside of class, showed a physical activity
motivation that is rather autonomously regulated, and had higher scores in self-efficacy and
social support from friends and family. Furthermore, the profiles contributed to explanation
of variance in moderate-to-vigorous physical activity. Results corroborated the assumption
that psychosocial resources affecting physical activity do not develop independently from
one another within a given person. Additionally, the capability of the person-oriented
analysis in detecting potentials and deficits of groups of individuals within a sample was
illustrated and its usefulness for the selection of tailored intervention components was
discussed. Results of the third study underlined the appropriateness of multi-level
validations of psychometric scales in case of nested data since representations of the
construct of physical activity self-efficacy were identified both on the individual and the class
level. Future research perspectives focused on the combination of recent approaches in
measurement and explanation of physical activity to build a solid foundation for tailored

interventions.



1 Introduction

Health status of children and adolescents is often described as worrying. Bad habits
regarding nutrition (Diethelm et al., 2012), insufficient physical activity (PA) (Cooper et al.,
2015; Guthold, Stevens, Riley, & Bull, 2020), large amounts of sedentary behaviour (SB)
(Hallal et al., 2012) and overweight and obesity (Olds, Tomkinson, Ferrar, & Maher, 2010;
Skinner & Skelton, 2014) are some of the most common concerns. PA is considered as one
of the key aspects in promoting children’s and adolescents’ health, as an increase in PA
also has a positive effect on other health parameters, such as weight status (Jago et al.,
2020; Jiménez-Pavén, Kelly, & Reilly, 2010), cardiovascular health (Andersen, Riddoch,
Kriemler, & Hills, 2011; Kriemler et al., 2008) or mental health (Ahn & Fedewa, 2011; Biddle,
Ciaccioni, Thomas, & Vergeer, 2019). Therefore, an increase in PA is of incremental value
over and above the mere PA level and thus has a large impact on overall health of children
and adolescents.

Despite these well-known benefits of PA, a great number of studies measuring PA
levels of children and adolescents conclude that PA behaviour is insufficient and most of
the participants fail to fulfil the World Health Organization (WHO) guideline for PA of a daily
average of 60 minutes moderate-to-vigorous physical activity (MVPA) (Bull et al., 2020;
Demetriou et al., 2019; Finger, Varnaccia, Borrmann, Lange, & Mensink, 2018; Guthold et
al., 2020). Although a wide concordance regarding insufficient PA levels in children and
adolescents is striking, there are also several studies which report PA amounts above the
level recommended by the WHO (e.g., Brooke, Corder, Atkin, & van Sluijs, 2014). Thus,
there is a remarkable variance in the reported PA levels between different studies
measuring PA, which must be explained in order to defend and corroborate the respective
results.

There is a multitude of psychosocial models and theories that contribute to the
explanation of PA behaviour or, more specifically, help to explain why one individual exhibits
a different PA level than another individual (Buchan, Ollis, Thomas, & Baker, 2012; Rhodes,
McEwan, & Rebar, 2019). Detailed knowledge about the constructs affecting PA behaviour
is of great importance as it provides indications on what to focus when PA is supposed to
be increased in a subsequent step. It is striking, however, that not only different theories
comprise different determinants that are stated to be relevant for PA. Also, different
empirical studies or reviews are inconsistent to some extent in their conclusion about which
determinants are the most important ones for PA behaviour of the children and adolescents
under study (Bauman et al., 2012; Craggs, Corder, van Sluijs, & Griffin, 2011; Uijtdewilligen
et al., 2011). It is important to note that these inconsistencies do not necessarily weaken
the respective studies and their different results. Rather, new approaches need to be
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applied which are based on the acknowledgment of different results that emerge from data
of different study samples. By embracing this notion, the expectation may not be to find
generally important determinants of PA but to detect the determinants which exhibit a large
potential for PA behaviour of the specific sample under study.

This dissertation thesis aims to find explanations why there are inconsistencies in
existing literature regarding the reported PA level of children and adolescents and regarding
the determinants suggested to be relevant for their PA behaviour. More specifically, the first
objective is the implementation and discussion of specific accelerometer data sampling and
analysis criteria that lead to the most accurate PA estimates in an adolescent study sample.
The second objective is to apply a data analysis approach that illustrates how adolescent
PA behaviour is driven by the coexistence and interaction of several psychosocial
determinants within an individual, which may also disclose the respective PA-related
potentials and deficits of specific groups of individuals. Fulfilment of these objectives may
serve as a solid foundation for effective interventions in the field of PA since it can be
detected whose PA should really be enhanced and which can be the most promising way
of promotion. The respective analyses are conducted and discussed under consideration
of recent approaches and recommendations in literature.

This work focuses on both children and adolescents since age of the examined
sample in the presented empirical studies lies close to the proposed age limit between
children and adolescents of ten years (Sawyer, Azzopardi, Wickremarathne, & Patton,
2018). A further reason is that age limits between childhood and adolescence are
considered as slightly arbitrary anyway and should be taken with caution since an exact
classification of an individual as a child or adolescent requires a consideration of the
individual development and circumstances (Hardin, Hackell, & Simon, 2017). However, for
reasons of readability, the term ‘adolescents’ is used in this work when it is referred to the
studies included in this dissertation although it cannot be stated that the examined sample
in fact exclusively comprised adolescents.

1.1 Relevance of Physical Activity and Sedentary Behaviour for Children and
Adolescents

Regular PA helps to prevent overweight and obesity, decreases the risk of diseases like
diabetes mellitus type II, colon and breast cancers or cardiovascular as well as mental
diseases and eventually lowers the risk of premature death (Granger et al., 2017; McKinney
et al., 2016; Warburton, Nicol, & Bredin, 2006). The effects of increased regular PA on
physical health can be mediated by several biological mechanisms, such as positive
changes in body composition, reduced blood pressure, improved coronary blood flow or an
enhanced endothelial function. Additionally, PA also provokes positive changes on a mental
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level, which again positively affects physical health status. Better psychological well-being
provoked by regular PA further contributes to the prevention and treatment of
cardiovascular and chronic diseases like osteoporosis or hypertension (Warburton et al.,
2006). Furthermore, besides long-term effects of a routine engagement, there are also
acute effects of PA, like a short-term reduction of blood pressure or enhanced glucose
control (Thompson et al., 2001). In addition to positive short- and long-term effects on
health, regular PA during childhood and adolescence also increases the probability of an
active and healthy lifestyle later in adulthood in the sense of a tracking effect (Hallal, Wells,
Reichert, Anselmi, & Victora, 2006; Telama, 2009).

SB is not simply defined as the lack of sufficient PA levels. Whereas this
circumstance is described as physical inactivity, SB specifically comprises any waking
behaviour whose energy expenditure does not exceed 1.5 metabolic equivalents and which
is executed in a sitting, reclining or lying posture (Tremblay et al., 2017). Accordingly, SB
incorporates harmful effects on health that are to some extent independent of the negative
influence of physical inactivity (Biswas et al., 2015). German recommendations suggest to
limit time for SB to no more than one hour per day during leisure time for children and to a
maximum of two hours for adolescents (Ritten & Pfeifer, 2017). Higher levels in SB are
associated with worse body composition, lower fitness or higher cardiometabolic risk
(Carson et al., 2016). Fulfilling the WHO recommendation for daily MVPA may partly
attenuate the health risks implied in high levels of SB (van der Ploeg & Hillsdon, 2017), so
that detrimental health effects of SB more likely occur in individuals who, in addition to high
SB levels, do not sufficiently engage in PA (Ekelund et al., 2016).

1.2 Status quo of Physical Activity and Sedentary Behaviour of Children and
Adolescents

Referring to the vast majority of studies worldwide, only a small percentage of children and
adolescents fulfil the WHO minimum guideline for MVPA. According to pooled analyses of
self-report data, worldwide 19.7 % of adolescents aged 13 to 15 years and 19 % of students
aged 11 to 17 years reached 60 minutes of daily MVPA (Guthold et al., 2020; Hallal et al.,
2012). Analysis of accelerometer data of over 26,000 5-17 year olds from ten countries in
Europe, Australia, North and South America suggested an even lower rate with 9 % of boys
and 1.9 % of girls fulfilling the WHO guideline (Cooper et al., 2015). However, there are also
studies whose results are more positive with regard to PA recommendations. In a
systematic review comprising 36 studies mostly conducted in Europe and North America,
average accelerometer-measured MVPA of schoolchildren was above the WHO
recommendation (Brooke et al., 2014). Results further indicated a decline in MVPA from
weekdays (82.3 minutes/day) to weekends (68.3 minutes/day) and exhibited a substantial
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standard deviation in MVPA between the studies amounting to 44 minutes. This shows that
results regarding the PA behaviour of children and adolescents not only differ between
studies using different measurement instruments (i.e., self-report vs. accelerometer) but
also between studies using the same instruments (Brooke et al., 2014; Cooper et al., 2015;
Guthold et al., 2020).

The studies indicate a clear gender effect with girls suffering from an even higher
risk of physical inactivity than boys (Cooper et al., 2015; Guthold et al., 2020; Hallal et al.,
2012). In addition to this gender effect, PA decreases with age (Dumith, Gigante,
Domingues, & Kohl, 2011; Van Hecke et al., 2016). Further effects of demographic
variables, such as socioeconomic status (SES), have been suggested. Although respective
analyses came to ambiguous conclusions (Corder et al., 2011; Molina-Garcia, Queralt,
Adams, Conway, & Sallis, 2017; Rhodes, Janssen, Bredin, Warburton, & Bauman, 2017;
Sallis, Prochaska, & Taylor, 2000), German self-report data of almost 13,000 children and
adolescents aged 3 to 17 years indicated a statistically significant negative relation between
SES and the prevalence of less than two days with 60 minutes MVPA per week (Finger et
al., 2018).

In line with PA values, recommendations regarding SB are mostly not fulfilled. Self-
report data from 40 countries assessed in the Health Behaviour of School-Aged Children
study showed that two thirds of adolescents aged 13 to 15 years already spent at least two
hours per day only on watching television (Hallal et al., 2012). In more than half of the 34
countries represented in a study analysing SB data of over 70,000 schoolchildren, over one
third of the students exhibited at least three hours spent on SB, with sedentary time during
school hours and homework already excluded (Guthold, Cowan, Autenrieth, Kann, & Riley,
2010). Accelerometer-based results of the HELENA study conducted in ten European
countries indicated a mean SB level for adolescents of around nine hours per day (Ruiz et
al., 2011).

1.3 Measurement of Physical Activity and Sedentary Behaviour of Children
and Adolescents

Reliable and valid measures of PA and SB are indispensable for a variety of reasons. Only
with accurate measurements being available, studies can elicit insights into population-
specific levels of PA and SB and their patterns, which refers to the way PA and SB are
accumulated throughout a given time period like a day or a week in terms of timing,
frequency and duration (Tremblay et al., 2017). Accurate measurements are also of high
importance when examining the relation between PA and SB and health parameters and
which amount of PA and SB are appropriate to gain positive health effects (Vanhelst et al.,
2014). Furthermore, a high accuracy in PA and SB measurement is needed to draw
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conclusions regarding which psychosocial and environmental factors determine PA
behaviour. Finally, valid conclusions concerning the effectiveness of interventions
promoting PA and reducing SB can only be drawn with reliable measures at hand (Loprinzi
& Cardinal, 2011; Rachele, McPhail, Washington, & Cuddihy, 2012).

Additionally, measurement instruments should not only be highly reliable and valid
but they should also be suitable to capture PA and SB of specific populations. In contrast
to adults, PA behaviour of children and adolescents is characterized by intermittent patterns
comprising short bouts of movement followed by short periods of SB (Bailey et al., 1995;
Migueles et al., 2017).

Contrary to other health behaviours, PA and SB do not incorporate a precise
biological marker that would disclose the individual’'s engagement in PA or SB (Trost, 2007).
Therefore, methods have to be used which approximate and reflect PA and SB as exactly
as possible. In the following, the most common methods to measure PA and SB are
introduced and their respective advantages and limitations are described. The methods can
be divided into subjective and device-based measures.

Subjective measures for PA and SB mostly comprise self-report, proxy-report and
diaries (Loprinzi & Cardinal, 2011; Nigg et al., 2020; Rachele et al., 2012). Using self-report
instruments, participants are asked by a self-administered questionnaire or by means of an
interview to recall their PA and SB in a past time period. These approaches are often used
in epidemiological studies with large sample sizes because financial and time-related costs
are comparatively low. A further advantage is the possibility to ask for the type and context
of PA or SB. However, the obvious limitations of self-report measures need to be taken into
consideration. The provided information may be biased by interpretation of the items, social
desirability or by inaccuracies in recall of past activities (Nigg et al., 2020). For children, it
is even harder to accurately recall their PA as the often short and intermittent bouts of
movement are difficult to remember and to summarize (Mattocks, Tilling, Ness, & Riddoch,
2008). On the other hand, they often overestimate both the amount and the intensity of PA
(Slootmaker, Schuit, Chinapaw, Seidell, & van Mechelen, 2009). Therefore, validity of self-
report measures is lower for children than for adolescents (Loprinzi & Cardinal, 2011; Nigg
et al., 2020).

Alternative subjective measures that try to circumvent these problems are PA diaries
or proxy-report measures (Loprinzi & Cardinal, 2011; Rachele et al., 2012). Asking parents
or teachers to report a child’s PA avoids the possible recall bias by the child. However, due
to the obvious challenge of estimating PA levels of another person, validity of proxy reports
are not substantially higher than when self-report measures are used (Loprinzi & Cardinal,
2011). With the use of PA diaries, a possible recall bias can be avoided as children are
expected to track their PA and SB more regularly, and thus do not have to recall longer time
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periods. However, diaries imply a higher burden for the children as they need to be
compliant in frequently recording their behaviour. This might lead to substantial missing
data in youth samples. Furthermore, even after elimination of the recall bias, PA diaries
exhibit deficits in accuracy (Rachele et al., 2012).

The biological methods of heart-rate monitoring and indirect calorimetry belong to
the category of device-based measures. Heart-rate monitoring is relatively inexpensive for
researchers and unobtrusive for participants (Loprinzi & Cardinal, 2011; Rachele et al.,
2012). A substantial limitation represents the dependency of heart rate on factors that are
not necessarily related to PA, such as age, size, temperature, humidity, emotional stress or
cardiorespiratory fitness. This may lead to a severe bias (Reis, den Tillaar, & Marques,
2011). Furthermore, there is a delay in heart rate response after a person has stopped being
physically active. This implies an additional bias and makes heart-rate monitoring less
suited for the assessment of the intermittent PA behaviour of children and adolescents
(Loprinzi & Cardinal, 2011).

Indirect calorimetry is based on the measurement of oxygen consumption and
carbon dioxide production. However, as reliability and validity of indirect calorimetry are
rated as high, feasibility is low. Participants must wear a mask or a mouthpiece and a
container to collect expired air, which makes it not suitable for the measurement of regular
PA (Rachele et al., 2012; Sirard & Pate, 2001).

Accelerometers and pedometers represent device-based instrumental movement
detection methods (Rachele et al., 2012). Due to their small size, light weight, high
robustness and acceptable cost, accelerometers are increasingly used in assessments with
relatively large samples of children and adolescents (Hanggi, Phillips, & Rowlands, 2013;
Sherar et al., 2011). Recent generations of accelerometers record the acceleration of a
human body in three axes (vertical, anteroposterior, mediolateral) with a high sampling
frequency of up to 100 Hz and reflect these accelerations by means of activity counts. In a
next step, these counts are summed over epochs of different lengths, e.g., 1 second, 15
seconds or 60 seconds. Using corresponding software, wear-time validation of the
accelerometer data is conducted to differentiate wear-time periods and non-wear-time
periods. To get a representative image of everyday PA and SB, assessments often take
one week to ensure that the participants wear the devices for at least three weekdays and
one weekend day, with usually at least eight hours of wear time being necessary for a valid
day. In a last step, the wear-time validated data sets are entered into a prediction equation
and subsequent cut points for activity counts are used to determine the duration of PA in
different intensities, such as light, moderate, vigorous and moderate-to-vigorous PA.
Accelerometer results indicate a high correlation with values collected by means of indirect
calorimetry, however, with a much higher feasibility for the participants. Additionally, use of
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accelerometers in specifically assessing SB has been repeatedly suggested (Burchartz,
Anedda, et al., 2020; Loprinzi & Cardinal, 2011; Migueles et al., 2017; Rachele et al., 2012).
To ensure accurate and valid results, it is important to choose cut points using short epoch
lengths, and thus offer a high resolution. Furthermore, the applied sampling and processing
criteria should match the ones that had been used in the original validation of the selected
cut points. At the same time, the choice of activity cut points represents the main limitation
of accelerometers, as results can substantially differ according to the applied cut points
(Kim, Beets, & Welk, 2012; Migueles et al., 2017; Rachele et al., 2012).

Pedometers provide an often used and cheaper alternative to accelerometers. The
most severe limitation of pedometers, however, is that pedometers do not allow for
analyzing PA with regard to its different intensities. A drawback shared with accelerometers
is the inability to accurately measure movements and energy expenditure while cycling,
weight lifting and rather stationary (e.g., push-ups) or water-based activities (Loprinzi &
Cardinal, 2011; Rachele et al., 2012).

One of the most labour-intensive methods to measure PA and SB is direct
observation (Loprinzi & Cardinal, 2011; Rachele et al., 2012). Observers have to be trained
to accurately and objectively code participants’ PA. Direct observation represents a highly
reliable and valid instrument to assess the different intensities of PA in children and
adolescents. Additionally, it can be applied in all kinds of settings and activities and also
provides information about the social and physical context in which activity takes place,
such as behavioural prompts by significant others and available equipment or facilities.
However, the amount of time that has to be invested when preparing and conducting the
assessments argues against its application, especially when PA and SB of larger samples
are to be assessed over a longer period of time (Rachele et al., 2012).

The use of doubly-labelled water finally represents the most accurate assessment
of energy expenditure (Loprinzi & Cardinal, 2011; Rachele et al., 2012). After ingesting two
types of stable isotopes, the energy expenditure for a time period of up to two weeks can
be measured by calculating the difference between the elimination rates of the isotopes.
However, although being considered as the gold standard in the assessment of energy
expenditure, the method of doubly-labelled water does not serve to specifically measure the
duration and intensity of PA.

In the end, several aspects have to be taken into consideration when searching for
the most appropriate instrument for the assessment of PA and SB in empirical studies. Age
of the participants, sample size and the time frame of assessments play major roles.
Furthermore, there needs to be a good trade-off between the reliability and validity of the
methods and the respective burden that is imposed on the participants by its application
(Dollman et al., 2009; Loprinzi & Cardinal, 2011). Equally important, one needs to make
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sure that the PA information of interest, e.g., duration, intensity, type or context of PA, is
provided in the output of the chosen method (Trost, 2007). Especially when measuring PA
and SB of a youth sample, the chosen method not only needs to be highly valid but must
be age appropriate, easy to use and imply minimal participant burden in order to have a
high participant compliance (Trost, Marshall, Miller, Hurley, & Hunt, 2007).

1.4 Explanation of Physical Activity and Sedentary Behaviour of Children
and Adolescents

In view of the unhealthy PA and SB levels that are widely reported (e.g., Cooper et al., 2015;
Ruiz et al., 2011), a strong need to increase PA and reduce SB of children and adolescents
emerges. However, health behaviours like PA and SB cannot be directly improved by
interventions, but via a change in some personal, social or environmental variable closely
related to the behaviour. As soon as these variables are identified, interventions can be
designed in order to provoke changes in these constructs, which may eventually result in
successful behaviour change (Baranowski, Anderson, & Carmack, 1998; Sallis & Owen,
1999). Since PA and SB are complex behaviours, it comes naturally that interindividual
differences in these behaviours cannot be explained by a small number of factors or solely
one theoretical model. Rather, different models and theories including partially different
constructs add to each other and contribute their part to the explanation of interindividual
variance in PA and SB. In the following, an overview comprising the theories mostly used
for the explanation and promotion of PA in children and adolescents is given. In a next step,
independently of theoretical models, a brief summary based on reviews of previous
evidence will highlight the most relevant constructs for PA explanation and promotion in
children and adolescents.

1.4.1 Most Popular Theories for Explanation and Promotion of Physical Activity
and Sedentary Behaviour of Children and Adolescents

Until the late 1980s, studies about PA behaviour were mostly atheoretical and yielded an
incohesive variety of determinants that were examined separately from one another
(Rhodes et al., 2019). This led to different definitions of these constructs and a severe lack
of knowledge about the relationships between the determinants of PA (Rhodes & Nigg,
2011). Together with the insight that mere information about the amount of necessary PA
for leading a healthy life was not sufficient to enhance PA behaviour, theoretical frameworks
were introduced that incorporated several factors relevant for PA at once. These
frameworks should finally contribute to the explanation and promotion of PA. In the past
three decades, social-cognitive approaches, humanistic approaches, dual-process
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approaches and socioecological approaches were the four main theoretical frameworks that
have been used in the explanation and promotion of PA (Rhodes et al., 2019).

The social-cognitive approach is the framework most often applied in the explanation
of PA (Camacho-Minano, LaVoi, & Barr-Anderson, 2011; Rhodes et al., 2019). Generally,
it proclaims that engagement in a certain behaviour depends on two aspects. First,
expectations regarding the outcome of the behaviour, like possible benefits or barriers,
determine the personal relevance of the behaviour. Second, the estimation of the personal
capability, represented by constructs like self-efficacy (Bandura, 1997; Bauman et al.,
2012), finally lead to the intention of engaging in the behaviour (Rhodes et al., 2019).
However, the use of the social-cognitive approach in promotion of PA yields only limited
success as the effect sizes in interventions targeting social-cognitive constructs as potential
mediators of an increase in PA are on average small (Rhodes et al., 2019; Williams &
French, 2011). The popularity of the social-cognitive framework mainly traces back to the
fact that it implies constructs like self-efficacy, which are consistent correlates of PA
behaviour (Bauman et al., 2012; Craggs et al., 2011). Furthermore, the rationale of public
health to enable health benefits for the population is perfectly in line with the basic idea of
the social-cognitive framework which assumes that engagement in a certain behaviour
depends on its potential benefits. However, the pronounced imbalance between the
widespread knowledge about the benefits of regular PA on the one hand and actual PA
prevalence on the other hand questions the suitability of this notion with regard to PA
promotion to some extent (Rhodes et al., 2019).

The humanistic framework implies theories which assume that behaviour is not only
led by possible rewards or punishments, but is mainly driven by inherent human needs
(Rhodes et al., 2019). Within this framework, the self-determination theory (SDT; Ryan &
Deci, 2000) is the theory most often applied in PA research (Rhodes et al., 2019). SDT
represents a motivational macro-theory comprising six micro-theories. Thereby, it not only
refers to the quantity but also to the quality of motivation. The SDT differentiates between
six different types of motivation, whose regulation is arranged on a continuum of self-
determination. The situation when a person completely lacks any motivation is referred to
as amotivation. If behaviour is regulated by external factors like rewards or penalties, the
person is externally motivated, which represents the least autonomous form of motivation.
When a person has internalized an external motivation to some degree, it is referred to as
introjection. Behavioural regulation is driven by identified motivation when a person
engages in a certain behaviour because of personal values and the perceived relevance of
the behaviour. Identified motivation is the first type on the self-determination continuum
which is allocated to autonomous motivation. Autonomous forms of motivation are

completed by integrated and intrinsic motivation. The difference between these two lies
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within the type of outcome that is aimed at. In case of intrinsic motivation, a person acts
solely because of enjoying the respective activity. When behaviour is regulated by
integrated motivation, the person aims for an additional outcome apart from having fun or
enjoyment. Besides its detailed perspective on quantitative and qualitative aspects of
motivation, a further advantage of the SDT lies within its concrete instructions on how to
promote motivation (Buchan et al., 2012). According to the SDT, the basic psychological
needs (BPN) autonomy, competence and relatedness have to be satisfied for a human to
experience self-determined motivation. The need for autonomy is fulfiled when a person
experiences a sense of volition and personally conforms to the norms of the environment.
Competence is given if a person feels capable to meet given challenges by means of the
own competence. Relatedness describes the need to feel connected to significant others
(Deci & Ryan, 2000; Ryan & Deci, 2017). Autonomous motivation should finally promote
the respective behaviour (Deci & Ryan, 2000). This assumption has been supported with
regard to PA behaviour (Owen, Smith, Lubans, Ng, & Lonsdale, 2014; Teixeira, Carraga,
Markland, Silva, & Ryan, 2012). The solid theoretical and empirical foundation as well as
its usefulness in planning and conducting interventions mainly contribute to the popularity
of the SDT (Buchan et al., 2012; Teixeira et al., 2012). Indeed, the BPN serve as viable
tools that can relatively easily be used by key stakeholders like exercise leaders or physical
education (PE) teachers to increase autonomous motivation and, in a last step, PA
behaviour of their students (Chatzisarantis & Hagger, 2009; Kelso et al., 2020; Standage,
Gillison, Ntoumanis, & Treasure, 2012). Critique regarding the SDT refers to whether BPN
are limited to autonomy, competence and relatedness, since there are further psychological
constructs, such as the experience of variety, which might be equally relevant for human
motivation and could add to the previously proposed BPN in the explanation of PA
behaviour (Sylvester et al., 2016). Another limitation often found in SDT-based PA research
is the inconsistency in the measurement and examination of self-determined motivation.
Although SDT proclaims a continuum of self-determined motivation from controlled to
autonomous regulation, in practice, participant scores are usually reported for each of the
six behavioural regulations included in the continuum and not for the superordinate
magnitude of self-determined motivation (Markland & Tobin, 2004). This approach, in turn,
is in line with the assumption that human PA behaviour is driven by more than one reason
or construct at the same time. Still, an overwhelming majority of researchers examine
independent effects of the different behavioural regulations instead of analyzing their
coexistence and interactions within a given person (Bergman & Lundh, 2015; Emm-
Collison, Sebire, Salway, Thompson, & Jago, 2020; Lindwall et al., 2017; Yli-Piipari, John
Wang, Jaakkola, & Liukkonen, 2012).
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Dual-process frameworks differentiate between two distinct processes which are
assumed to determine human behaviour by means of their interaction. Type-1 processes
comprise, for example, habits or automatic evaluations. These processes are fast, non-
conscious and occur automatically requiring only minimal cognitive resources, which finally
makes them difficult to control. Type-2 processes represent more controlled reasoning,
require more cognitive resources, and refer to intentions, values or expectations, and thus
mostly comprise variables of the social-cognitive framework (Brand & Ekkekakis, 2018;
Evans & Stanovich, 2013; Rhodes et al., 2019). Dual-process models usually assume that
behaviour is rather guided by automatic type-1 processes unless enough type-2 resources,
like self-control, are given (Brand & Ekkekakis, 2018; Evans & Stanovich, 2013). A strength
of dual-process models lies within its potential to explain why people are often not
sufficiently physically active despite having formed the intention to do so, therefore
representing a complementary element to social-cognitive approaches in the explanation of
PA (Rhodes et al., 2019). However, the mapping of PA determinants into reflective and
automatic processes likely oversimplifies the complex interactions of determinants that
finally lead to PA behaviour. Therefore, it is recommended to better use dual-process
models as a heuristic which may describe several influences on PA on a continuum from
completely reflective to completely automatic processes (Rhodes et al., 2019).

According to the socioecological framework, factors influencing health behaviours
like PA and SB can be categorized into five different levels: the intrapersonal level (e.g.,
gender, intrapersonal psychological constructs), the interpersonal level (e.g., group
processes), organizational level (e.g., schools), community level (e.g., built environment,
local infrastructure) and the policy level (e.g., laws) (Rhodes et al., 2019; Sallis & Owen,
2015). Research based on the socioecological framework has mainly focused on the
organizational, community and policy levels since intrapersonal and interpersonal level
influences are elaborately examined in PA research based on other popular approaches
like the social-cognitive or humanistic framework (Teixeira et al., 2012; Williams & French,
2011). It is assumed that the five levels of the socioecological framework affect behaviour
directly and indirectly as well as via an interaction of their respective factors (Craggs et al.,
2011). The size of the effects on PA and SB of the more proximal factors of the intrapersonal
level are usually larger compared to factors of the social or built environment (Rhodes et
al., 2019). Support for statistically significant effects of between-level interactions on PA is
sparse (Rhodes, Saelens, & Sauvage-Mar, 2018). Still, the socioecological framework
enjoys great popularity, especially in recent years. One practical reason is that the focus on
environmental and policy aspects provides local authorities and governments with an
adequate framework to intervene and try to improve health behaviours of the population as
a whole instead of affecting only smaller groups of individuals. Furthermore, the multi-level
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structure of the socioecological framework reflects the prevailing notion in western societies
of a shared comprehensive responsibility for the population’s health behaviour between the
actors on the different levels of influence (Rhodes et al., 2019). The main drawback of the
socioecological framework is probably illustrated best by the example of a person who freely
chooses not to be physically active although having the opportunity, equipment and facilities
to do so. This may exemplify the relatively poor incremental explanation of PA variance of
environmental-level factors over and above the contribution of individual-level factors, such
as motivation, self-efficacy or self-regulation (Bauman et al., 2012; Rhodes et al., 2017;
Rhodes et al., 2019). Furthermore, the breadth of socioecological models regarding the
number of included levels and factors is at the expense of their precision and finally their
ability of providing concrete, deducible mechanisms through which PA and SB of individuals
may be effectively changed (Buchan et al., 2012).

As there is no clear evidence that PA interventions in youth are more effective when
their design is based on a specific theoretical model (Rhodes et al., 2017), it is worthwhile
to have a closer look at determinants of behaviour change in PA and SB, independently

from theoretical considerations or models.

1.4.2 Most Relevant Constructs for Explanation and Change of Physical Activity
and Sedentary Behaviour of Children and Adolescents

Over the past decades, a main endeavour of PA and SB research was to summarize the
evidence regarding constructs which are consistently related to PA and SB of children and
adolescents. Several researchers collected previous evidence regarding correlates of PA
and SB by conducting quantitative systematic reviews. In a next step, several ‘reviews of
reviews’ summarized the findings of previous quantitative systematic reviews and presented
the most consistent correlates of PA usually classified into five categories (Sallis & Owen,
1999). Regarding demographic and biological correlates, the reviews of reviews by Biddle
and colleagues (Biddle, Atkin, Cavill, & Foster, 2011), Bauman et al. (2012) and Sterdt et
al. (Sterdt, Liersch, & Walter, 2014) identified gender as a consistent correlate of PA, with
boys being more physically active than girls. Furthermore, age was also regarded as a
negative correlate especially for adolescents (Biddle et al., 2011; Sterdt et al., 2014).
Additionally, Sterdt and colleagues (2014) identified parental education, family income and
SES as positive correlates of adolescent PA. With regard to psychological constructs, self-
efficacy was the only consistent correlate for children and adolescents outlined by the study
by Bauman et al. (2012). Sterdt et al. (2014) tended to support this finding and added
intention to be physically active and goal orientation as consistent PA correlates for children
and adolescents, respectively. Biddle et al. (2011) reported inconsistent findings regarding
self-efficacy and identified competence perception as the most important PA correlate for
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adolescents. As an important behavioural correlate, previous PA was a consistent correlate
in children and adolescents. Additionally, participation in organized sports and, especially
for children, a healthy diet were reported as positive PA correlates in two of the three studies
(Biddle et al., 2011; Sterdt et al., 2014). According to all three reviews of reviews, parental
support was the most consistent sociocultural correlate. Sterdt et al. (2014) further identified
support from friends or significant others as a positive correlate of PA in children. Concepts
referring to the availability and proximity of and the access to recreational areas and facilities
were the environmental correlates most consistently reported in the three studies.
Moreover, time spent outdoors was identified as an important correlate especially for
children in two studies (Biddle et al., 2011; Sterdt et al., 2014). Further environmental
correlates that have been inconsistently reported are walkability, traffic speed and volume,
residential density or PA-related policies in schools (Bauman et al., 2012; Sterdt et al.,
2014).

A construct is classified as a correlate when its relation to cross-sectional differences
in PA or SB is consistently supported. However, a construct that is deemed a correlate does
not necessarily have the power to affect PA or SB as a causal factor that may improve
health behaviour. The implicated goal of research on factors associated to PA and SB is
the change of these behaviours in order to gain health benefits. Therefore, it is important to
identify constructs that are not only related to PA and SB, but to change in PA and SB. In
other words, instead of focussing on cross-sectional correlates of PA and SB, research has
started to examine determinants of changes in PA and SB (Baranowski et al., 1998). The
systematic reviews of Craggs et al. (2011) and Uijtdewilligen et al. (2011) have summarized
the empirical evidence from prospective studies examining determinants of PA and SB
change in children and adolescents. Although the two systematic reviews were based on
the same categories of constructs (Sallis & Owen, 1999), only a small number of constructs
that have been reported as cross-sectional PA correlates could be confirmed as
determinants of longitudinal behaviour change (Bauman et al., 2012; Biddle et al., 2011;
Sterdt et al., 2014). Craggs and colleagues (2011) reported that for individuals aged 10 to
13 years, previous PA and self-efficacy were positively related to change in PA. For
adolescents aged 14 years and older, higher scores on perceived behavioural control,
social support and self-efficacy were associated with a smaller decline in PA. Uijtdewilligen
et al. (2011) found moderate evidence for intention as a consistent determinant of PA
change in children. For adolescents, there was moderate evidence for planning and
previous PA as significant determinants. Furthermore, in complete contrast to previous
findings on PA correlates, Uijtdewilligen and colleagues (2011) identified age as a positive
determinant of adolescent PA, also based on moderate evidence. Thus, mostly constructs
from psychological and social domains were identified as consistent determinants of PA
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change in children and adolescents (Sallis & Owen, 1999). Regarding SB, the amount of
prospective research was small, especially in adolescents. Therefore, the authors
concluded insufficient evidence for all potential determinants of change in SB (Uijtdewilligen
et al., 2011).

1.5 Psychometric Measurement of Constructs Related to Physical Activity
and Sedentary Behaviour of Children and Adolescents

Just as important as it is to measure PA and SB by tools exhibiting high reliability and
validity, it is fundamental to assess potential correlates and determinants of PA and SB by
using appropriate, thoroughly validated psychometric instruments. When using
psychometric scales in samples of children and adolescents, questions regarding the
participants’ cognitive and communicative skills necessary for completing questionnaires
might emerge (Bell, 2007). Deficits in these prerequisites can prevent participants from
providing reliable and valid answers. In order to appropriately respond to items of
psychometric scales, participants have to go through four cognitive stages. First, the
participant needs to understand the used terms and must know what has to be done to
answer the question. Second, the information necessary to respond to the item needs to be
recalled. Third, the retrieved information has to be evaluated, which is followed by the last
stage, the communication of the response (Schwarz & Sudman, 1996). If items are not
appropriately designed for the examined sample, chances are higher that one or more of
the cognitive stages are missed out, which finally leads to a deficit in response behaviour
(Bell, 2007). Thus, the quality of the items determines the quality of the responses. When
thoroughly and appropriately designed, questionnaire assessments are feasible for younger
children, starting around the age of seven. Adaptations are necessary until the age of 16,
when adolescents are considered to be able to respond to adult questionnaires (Scott,
1997).

To design high-quality items appropriate for use in samples comprising children and
adolescents, some general rules should be followed. The items should be kept short,
formulations should be simple and straightforward. Items of inverse formulation should be
avoided in children questionnaires. To minimize social desirability effects, items should not
be phrased in a suggestive way (Bell, 2007). The ability of the participants to differentiate
between a variety of response options should be considered. Adolescents aged 11 years
or more are usually able to respond by using 5-point scales (Borgers, de Leeuw, & Hox,
2000). Furthermore, every point should be labelled, not only the two extremes (Borgers,
Hox, & Sikkel, 2003).

Before psychometric scales are first used to assess PA- and SB-related
determinants, they should be thoroughly validated in samples that match the examined
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individuals in later assessments with regard to specific characteristics like age or school
type (Craggs et al., 2011). Furthermore, if clustered data are available, such as data of
students nested in classes, a multi-level validation of the used scales is recommended since
ignoring the clustered nature of the data might lead to wrong parameter estimates, standard
errors and model fits. Furthermore, reliability of measures, factor structures or estimations
of criterion validity might differ between the individual level and the group level (Huang,
2017; Julian, 2001).

1.6 Different Methodological Approaches in the Explanation of Physical
Activity Behaviour

There are two fundamentally different approaches when attempting to explain interindividual
variance in PA behaviour. The variable-oriented approach represents the traditional way by
examining relations of different variables on a between-person level (Bergman &
Andersson, 2010). A typical finding produced by this type of analysis would be that
individuals with a higher score on intrinsic motivation, compared to the average of the
sample, tend to exhibit lower scores on extrinsic motivation and, with regard to behaviour,
higher-than-average PA levels (Teixeira et al., 2012). Thus, the variable-based approach
examines average relations and effects across a given population (Bergman & Andersson,
2010).

The person-oriented approach, on the other hand, addresses the assumption that
the different constructs determining human behaviour do not develop independently of one
another. Instead, it is proposed that these determinants affect behaviour of an individual via
a complex interplay within the respective person (Bergman & Lundh, 2015). Hence, in
contrast to the variable-based approach, the primary focus of person-oriented analyses lies
on the individual instead of on the population as a whole. Whereas the variable-based
approach implicitly assumes that individuals are legitimate representations of a single
homogeneous population they form part of, the person-oriented approach explicitly builds
upon the proposed existence of subgroups within a population that are characterized by
specific differences on the variables of interest (Bechter, Dimmock, Howard, Whipp, &
Jackson, 2018). Consequently, the main purpose of person-oriented analyses is to identify
homogeneous groups of individuals, so-called profiles, that exhibit similar patterns across
a variety of assessed variables (Bechter et al., 2018; Bergman & Lundh, 2015; Gut, Schmid,
& Conzelmann, 2020). Each profile consists of members with homogeneous patterns that
are distinct from the patterns of the members of other groups. Therefore, the person-
oriented approach is suited for the investigation of both within-person interactions and
between-person differences. Differences between profiles can consist of level or shape
effects (Lindwall et al., 2017; Morin & Marsh, 2015). Level effects refer to quantitative
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differences in the case of one profile exhibiting equally higher scores on every assessed
variable compared to another cluster. Shape effects are characterized by qualitative
differences, that is, profiles differ with regard to the way the assessed variables interact with
each other, thus forming different kinds of patterns. Besides, antecedents and outcomes of
profile membership may be examined (Bechter et al., 2018). This means it can be analyzed
which preceding factors lead to an individual forming part of a specific profile regarding the
variables of interest. Likewise, it can be examined how membership in a specific profile
affects outcomes like PA behaviour.

1.7 Critique of Previous Research

With regard to the several requirements that have to be met when measuring PA and SB of
children and adolescents, such as a high feasibility and relatively low participant burden or
the provision of several output categories like duration and intensity of PA, accelerometers
have become a popular choice in research focused on PA and SB of these age groups
(Migueles et al., 2017). Popularity of accelerometers yet not only traces back to the
fulfilment of these requirements. Most importantly, accelerometers implicate the necessary
features for a highly reliable and valid assessment of the specific intermittent activity
behaviour of children and adolescents (Loprinzi & Cardinal, 2011; Trost, 2007; Trost et al.,
2007).

However, in previous studies using accelerometry, the full potential for highly
accurate and valid assessments of PA and SB of children and adolescents has hardly been
tapped. By applying a high sampling frequency in all three axes and adequate wear-time
requirements for participants during the sampling process as well as short epoch lengths
and appropriate wear-time algorithms and activity cut points in data processing,
accelerometers provide the possibility to assess PA and SB with high resolution and
accuracy (Migueles et al., 2017). However, an overwhelming majority of large-scale national
and international studies has applied sampling and processing criteria that lead to less
accurate and finally less valid data on PA and SB of children and adolescents. The German
GINI and IDEFICS studies, for instance, used an epoch length of 60 seconds and measured
accelerations only in vertical direction (Konstabel et al., 2014; Pfitzner et al., 2013). The
German KiGGS study indeed used vector magnitude (VM) counts, i.e., considering activity
counts of all three axes, but applied a 15-second epoch length (Burchartz, Manz, et al.,
2020; Woll et al., 2019). The European HELENA and ENERGY projects applied a 15-
second epoch length on vertical acceleration data (Chinapaw et al., 2014; Ruiz et al., 2011).
These decisions implicate a lower resolution in sampling and processing of accelerometer

data, and thus result in lower accuracy.
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Therefore, it is assumed that in previous studies, PA is likely to be underestimated
and SB scores are likely to be higher than in reality (Banda et al., 2016; Keadle, Shiroma,
Freedson, & Lee, 2014; Migueles et al., 2017). Since an accurate assessment of PA and
SB is no end in itself, but is of high relevance for the evaluation of the effectiveness of
interventions (Loprinzi & Cardinal, 2011) or the question at which levels health benefits can
be expected to emerge (Vanhelst et al., 2014), it is an absolute necessity to conduct
accelerometer assessments that contribute to precise estimates of PA and SB of children
and adolescents.

However, previous studies not only exhibit deficits in measurement of PA and SB.
With regard to the way differences in PA behaviour are usually explained, a clear imbalance
in the selection of the methodological approach appears (Emm-Collison et al., 2020;
Lindwall et al., 2017). On the one hand, there is ample support for a variety of constructs
affecting PA (e.g., Craggs et al., 2011). In line with that, theories for the explanation or
promotion of PA include several determinants altogether (Rhodes et al., 2019). On the other
hand, appropriate methods which could actually examine how different determinants affect
PA behaviour of an individual via their coexistence and interaction have hardly been
applied. Instead, the traditional variable-based approach was used in the vast majority of
research, which analyzed the relevance of different determinants separately in order to find
out which might be the most important ones when seen from a population perspective
(Bergman & Andersson, 2010). When examining the simultaneous influence of different PA
determinants, the variable-based approach implies some general statistical drawbacks,
such as the problem of multicollinearity when including several correlated predictors at the
same time (Vatcheva, Lee, McCormick, & Rahbar, 2016). In addition, when applied in
studies that want to explain PA behaviour based on theories like the SDT, which explicitly
proclaim the coexistence and interaction of different motivational types within one individual,
the variable-based approach seems even less appropriate. By use of this approach, the
naturally occurring multidimensionality comprising the coexistence and interactions of
different psychosocial determinants that take place within a person cannot be tested (Emm-
Collison et al., 2020). For instance, it cannot be examined if a person benefits from several
motivational sources, if certain combinations of behavioural regulations add to each other
or have detrimental effects with regard to actual PA behaviour. Consequently, by means of
the variable-based approach, it cannot be found out if there are subgroups within a
population who exhibit specific interactional patterns regarding their motivation for PA.

In order to gain new insights that may provide a complementary contribution to the
findings of variable-based research, person-oriented analyses have become more popular
in recent years. Since the theoretical assumptions of the SDT are perfectly in line with the
scope of application of the person-oriented approach, an increasing body of SDT research

20



in the field of PA has conducted person-oriented analyses. Studies could support the
assumed simplex pattern regarding the different behavioural regulations proposed by the
SDT, meaning that individuals with higher scores on autonomous regulations usually had
lower scores on controlled forms of regulation. Additionally, most studies found profiles that
provided new insights by conflicting to some extent with theoretical assumptions (e.g., PA
behaviour of an individual being driven by both autonomous and controlled forms of
regulation) (Bechter et al., 2018; Emm-Collison et al., 2020; Lindwall et al., 2017).
Furthermore, it was shown that motivational profiles were related to actual PA behaviour
(e.g., Emm-Collison et al., 2020). Although popularity of the person-oriented approach
increased especially in SDT-based research, still none of the studies has examined profiles
of motivation and their association to accelerometer-assessed PA in an adolescent sample.
In view of the necessity of age-specific insights and the concerns of self-report measures
of PA, it is highly relevant to fill this research gap by use of appropriate methods.

1.8 Aims of the Studies
The instruments mostly used for measuring PA and SB are subjective self-report
questionnaires and, representing device-based measures, accelerometers (Loprinzi &
Cardinal, 2011). When comparing the output of these two measurement techniques, it is
often stated that children and adolescents tend to overestimate the duration and intensity
of PA when asked to report about it themselves (e.g., Slootmaker et al., 2009). However,
one should question the rationale of such comparisons given that accelerometer
measurements are subject to severe biases as well and therefore exhibit substantial deficits
in accuracy (Migueles et al., 2017). These biases become apparent when looking at the
reported PA levels and patterns of different accelerometer studies, which cannot exclusively
be explained by true differences in the respective samples under study (e.g., Brooke et al.,
2014; Pfitzner et al., 2013; Ruiz et al., 2011). Intervention programmes and public health
campaigns trying to promote PA of children and adolescents are prompted by the alarming
results of large-scale national and international studies measuring PA behaviour by means
of different instruments. However, in view of the severe deficits in PA assessment of
previous studies, it has to be noted that a solid foundation for these programmes and large-
scale campaigns in the form of highly accurate PA measurements is missing. While this
refers to PA behaviour of a population as a whole, accurate assessments of individual PA
behaviour is equally important to be able to differentiate risk groups from non-risk groups in
terms of physical inactivity. Therefore, the first aim of this work was to conduct a highly
accurate PA and SB assessment of adolescents by accelerometry and to discuss the
implications of different decisions in accelerometer data sampling and processing criteria
with regard to their effect on accuracy.
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After a precise identification of groups being at risk for physical inactivity, one needs
to find effective ways to successfully promote PA. As a preceding step, person-oriented
analyses can corroborate the results of accelerometer analyses, since they are able to shed
light at the psychological and social resources of individuals. Thus, groups can be identified
who are not only at risk in terms of actual PA behaviour, but who also exhibit the greatest
demand with respect to deficits in their resources which finally determine PA behaviour
(Sallis & Owen, 1999). These high-risk groups can then be prioritized when it comes to
informing strategies for intervention (Bechter et al., 2018). Since different profiles do not
respond equally to a general intervention programme, in a next step, practitioners have to
design tailored interventions. Here, person-oriented analyses can serve as a starting point,
as they reveal the unique deficits and demands of several homogeneous groups which can
then be addressed more specifically (Gut et al., 2020; Hagger, 2010; Lindwall et al., 2017).
First evidence has indicated that the regulation of PA behaviour is dynamic, which means
that individuals move from one motivational profile to another over time (Emm-Collison et
al., 2020). Tailored interventions should try to deliberately guide individuals from profiles of
low motivation and unhealthy PA behaviour to profiles of higher motivation and activity.
Therefore, the second aim of this work is to conduct a person-oriented analysis on
psychosocial determinants of PA in order to elucidate the respective potential and deficits
of different profiles, which might serve as a starting point for the design of tailored
intervention strategies.

Since the psychosocial determinants of PA behaviour should be measured by
means of previously validated age-appropriate psychometric scales (Craggs et al., 2011),
a subordinate aim of this work was to conduct thorough validations of translated and
adapted scales. Methodology and results are exemplified through the validation of the
German physical activity self-efficacy scale.

2 Methodology

The studies presented here were conducted within the framework of the CReActivity project.
Primary goal of the project was to promote PA levels of female sixth-graders attending
German Realschule, since they constitute a risk group for physical inactivity with regard to
gender, age and SES (Cooper et al., 2015; Finger et al., 2018; Nold, 2010). Students could
participate if they did not have any acute injuries or other clinical diagnoses preventing them
from being physically active. Mean age of the sample was 11.6 years. The participants were
on average normal weight and exhibited a medium SES. The intervention was implemented
in PE. Therefore, PE teachers were provided with fully elaborated lesson plans that were
specifically designed to support students’ BPN while following the curriculum with regard to
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the content of the lessons (Demetriou & Bachner, 2019). To evaluate the effectiveness of
the intervention as well as possible mediating mechanisms, a variety of constructs was
assessed at three measurement points. BPN support in PE was measured with the
Adolescent Psychological Need Support in Exercise Questionnaire (APNSEQ; Emm-
Collison, Standage, & Gillison, 2016). Adapted versions of the Basic Psychological Need
Satisfaction and Frustration Scale (BPNSFS) by Chen et al. (2015) were used to assess
students’ BPN satisfaction in the contexts of PE and leisure time. Quantity and type of
motivation was assessed using the Behavioural Regulation of Exercise Questionnaire 2
(BREQ-2; Markland & Tobin, 2004). PA self-efficacy and social support from family and
friends were measured with scales developed by Dishman and colleagues (2010). PA and
SB were assessed by means of accelerometers (Actigraph models GT3X - wGT3X-BT).

In the following, the specific methods used in the respective studies are described

in more detail.

2.1 Study 1

The original sample for the accelerometer assessments of PA and SB in study 1 comprised
545 female sixth graders. Assessments took place in schools in and around the city of
Munich, where the main study of the CReActivity project was conducted. In the pilot study
testing the feasibility of accelerometer assessments in female sixth graders, also students
attending schools in Tibingen and Freiburg were included. Analyses for study 1 referred to
baseline data of the CReActivity main study and data from the preceding pilot study.

The systematic review by Migueles and colleagues (2017) served as the main
foundation for choosing the following accelerometer data sampling and processing criteria.
Students had to wear the devices on the right hip for seven consecutive days. Devices were
taken off during sleep and water-based activities. Sampling rate was set at 30 Hz. During
data download, VM activity counts were summed over 1-second epochs in order to
guarantee a high resolution. Low frequency extension filter was not used. The algorithm by
Choi, Liu, Matthews and Buchowski (2011) was used for wear-time validation. Thus, 90
minutes without any activity counts were classified as non-wear time, with up to two minutes
of temporary activity being tolerated if there were no activity counts in the 30-minute
windows before and after this allowance period. PA data of a participant was valid if the
devices were worn for at least eight hours on at least three weekdays and one weekend
day. The final sample comprised 425 female sixth graders with valid PA data. In a last step,
wear-time validated data were analyzed with the Hanggi cut points to calculate the average
daily duration for each participant of SB, light PA and MVPA (Hanggi et al., 2013). These
cut points were chosen since the sampling and processing criteria used by Hénggi and
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colleagues to validate the cut points match the ones used in our study, which eliminates
respective artefacts in our results.

Statistical data analysis was performed in SPSS, version 25 (IBM Corp., 2017).
Means and standard deviations of SB and the different PA intensities were presented for
an average weekday, weekend day and for an average day considering the respective
amount of valid weekdays and weekend days for each participant. In order to examine
patterns of PA and SB throughout weekdays and weekend days, the hourly means of valid
cases were incorporated into a diagram. Weekday-weekend differences were tested by
Wilcoxon tests since the distributions of PA and SB on weekdays and weekends differed
slightly from a normal distribution.

2.2 Study 2

To identify homogeneous profiles regarding PA-related psychosocial constructs within the
participants of the CReActivity project, a self-organizing maps (SOM) analysis was
conducted with the MATLAB R2018a programme and the SOM toolbox for MATLAB
(Kohonen, 1995; Vesanto, Himberg, Alhoniemi, & Parhankangas, 1999). SOM analysis
implicates several advantages that were useful for this study (Herrero-Herrero, Garcia-
Massd, Martinez-Corralo, Prades-Pinén, & Sanchis-Alfonso, 2017). It is based on an
unsupervised algorithm for a potentially non-linear data structure, thus representing an
explorative approach. The statistical power is not affected by the number of included input
variables. It creates superordinate profiles with a higher accuracy than regularly used
clustering techniques (Budayan, Dikmen, & Birgonul, 2009; Melo Riveros, Cardenas
Espitia, & Aparicio Pico, 2019). Furthermore, SOM presents results in both numerical and
graphic form, which allows for an easy detection of specific subgroups that might differ to
some extent from the superordinate cluster they form part of.

The seventeen psychosocial constructs named above were used as SOM input
variables. Valid data of 475 female sixth graders who participated in the baseline
assessment of the CReActivity project were available. The distinct profiles are built with
regard to the similarities of participants on the input variables. To do so, SOM procedure
comprises three steps (Pellicer-Chenoll et al., 2015): (1) the construction of a neuron
network, (2) the initialization of the SOM, when each neuron is assigned a value or weight
for each input variable in two different manners (i.e., randomized and linear initialization),
and (3) the training, when the initial values or weights of the neurons are iteratively modified,
which is led by two different training algorithms (i.e., sequential and batch) (Oliver Gasch et
al., 2018). Based on its values on the input variables, every participant is represented by an
input vector. These input vectors are introduced to the network of neurons, who then try to

gather the input vectors by adapting their own weight vectors according to the input vectors.
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The neuron which manages to adapt its weight vector in a way that it exhibits the smallest
Euclidean distance to the input vector, finally gathers the input vector. The adaptation
magnitude of the neurons is affected by neighbourhood functions which influence the extent
to which a winning neuron may adapt better to a given input vector than the neurons further
away in the network. In the end, each neuron has a weight vector that is most similar to the
input vectors it has successfully gathered (Estevan, Garcia-Masso6, Molina-Garcia, &
Barnett, 2019). This process was repeated with the number of iterations set to 100.
Furthermore, four different neighbourhood functions were used. Thus, with regard to the
two initialization methods, the two training algorithms and the four neighbourhood functions,
1600 SOMs were created (i.e., 100 x 2 x 2 x 4). In the end, the SOM with the smallest error
is selected (Estevan et al., 2019). The number of superordinate profiles depends on the
quantization error, i.e., the average Euclidean difference between the input vectors and the
cluster vectors they are allocated to (Kohonen, Nieminen, & Honkela, 2009), and the
number of participants per cluster, which should be large enough to reflect common profiles.

2.3 Study 3
To illustrate the adaptation and validation of psychometric scales by recent methods, the
physical activity self-efficacy scale by Dishman et al. (2010) was translated into German,
adapted in terms of wording and finally validated by using a multi-level approach. Since the
assessed students were nested in classes, nature of the data was clustered. In this case,
the use of multi-level validation is recommended because the assumption that individual
perceptions are independent of one another cannot longer be maintained (Feltz, Short, &
Sullivan, 2008; Huang et al., 2015). Ignoring the clustered nature of data could lead to
biased parameter estimates, false inferences regarding the psychometric properties and
finally wrong conclusions about the reliability and validity of the scale (Dedrick &
Greenbaum, 2011; Julian, 2001). Therefore, validation was conducted in accordance with
the multi-level approach described by Huang (2017). ltems were translated by means of a
combination of the committee approach and the pretest procedure (Brislin, 1970; Cha, Kim,
& Erlen, 2007). Valid data on the physical activity self-efficacy scale was provided by 507
female sixth graders during the baseline assessments of CReActivity. To examine the factor
structure of the scale, a multi-level confirmatory factor analysis (MCFA) was conducted by
use of an R syntax within the lavaan package (Rosseel, 2012). This provides the opportunity
to examine individual and group-level data simultaneously. To do so, the total population
covariance matrix is divided into a pooled within-group covariance matrix and a between-
group covariance matrix. To evaluate model fit, the x2-likelihood ratio statistic, the
comparative fit index, the Tucker-Lewis index, the root mean square error of approximation,
the standardized root mean square residual and Akaike’s information criterion were
25



considered (Hu & Bentler, 1999; Korner-Nievergelt et al., 2015). To estimate scale reliability,
Cronbach’s alpha was calculated separately for the individual and the class level using the
alpha function of the psych package in R (Revelle, 2017). Criterion validity was examined
by multi-level correlations with MVPA.
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Title: Accelerometer-Measured Physical Activity and Sedentary Behavior Levels

and Patterns in Female Sixth Graders: The CReActivity Project

Journal: International Journal of Environmental Research and Public Health
Doi: 10.3390/ijerph18010032
Summary:

Since previous studies about PA and SB of children and adolescents in Germany and
Europe led to highly inconsistent results, the aim of the first article was to conduct an
accurate accelerometer assessment of PA and SB while setting a strong focus on
discussing the implications of different sampling and processing criteria in accelerometer
assessments. PA and SB levels of 545 female sixth graders participating in the CReActivity
project were assessed. Their patterns of PA and SB throughout the day were examined and
differences between weekdays and weekend days were analyzed. Sampling and
processing of accelerometer data adhered to recent recommendations which, to the
author’s knowledge, neither had been applied to data of a German-speaking sample nor in
European or worldwide large-scale studies before. PA behaviour was better than expected
with regard to previous German and international studies. The WHO recommendation of a
daily average of 60 minutes MVPA was fulfilled by 90.4 % of the girls on weekdays and by
57.4 % on weekend days. The significant weekday-weekend differences were mainly
associated to active commuting to and from school. SB of the participants was worrying due
to more than 8 hours of sedentary time on weekdays and over 7 hours on weekend days.
Results indicate a strong need for multi-component interventions to find solutions that
enable students to reduce sedentary time during school hours and engage in less sedentary
activities with family and friends on weekends. With the application of sampling and
processing criteria used in previous German and international studies, PA and SB levels
would have been measured with a smaller resolution and accuracy leading to biased PA
and SB estimates. This questions previous findings on PA and SB and highlights the
necessity of large-scale representative studies that follow the most recent
recommendations regarding accelerometer-based measurements. Only then, an accurate

and valid differentiation between PA-related risk groups and non-risk groups is possible.
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Abstract: Regular physical activity (PA) and low levels of sedentary behavior (SB) have positive
health effects on young people. Adolescent girls of low socioeconomic background represent a high-
risk group with regard to physical inactivity and SB. In this study, accelerometer-measured levels
of PA and SB of female sixth graders attending lower secondary schools in Germany are presented,
patterns of PA and SB throughout the day are described and differences between weekdays and
weekend days are analyzed. Data of 425 students of the CReActivity project were analyzed. Sampling
and processing of accelerometer data followed recent recommendations, which had not been applied
to data of a German-speaking sample before. The WHO recommendation of daily 60 min moderate-
to-vigorous PA was fulfilled by 90.4% of the girls on weekdays and by 57.4% on weekend days.
The significant weekday-weekend differences were mainly associated with active commuting to
and from school. Students engaged in SB for more than 8 h on weekdays and for over 7 h on
weekend days. The results suggest a strong need for interventions increasing PA and reducing SB,
especially during school hours and on weekends. Furthermore, a comparison with methods and
results of previous studies highlights the need to follow recent criteria in accelerometer data sampling
and processing to ensure an accurate and valid differentiation between PA-related risk groups and
non-risk groups.

Keywords: accelerometry; secondary school; female; sedentariness; activity

1. Introduction

The World Health Organization (WHO) recommends that children and adolescents
aged 5 to 17 years engage in moderate-to-vigorous intensity physical activity (MVPA)
for an average of 60 min per day [1]. In Germany, the recommendations are even higher,
emphasizing that children and youth should accomplish at least 90 min of daily MVPA [2].
Recent systematic reviews suggest that children who follow these recommendations are at
a lower risk of overweight or obesity, type II diabetes mellitus and metabolic syndrome and
have higher fitness levels than children who do not meet the MVPA recommendations [3,4].

When recommendations on physical activity (PA) are not fulfilled, the person’s be-
havior is classified as physical inactivity. However, physical inactivity is not the same
as sedentary behavior (SB). Instead, SB specifically comprises any waking behavior that
is characterized by an energy expenditure of <1.5 metabolic equivalents (METs) while
being in a sitting, reclining or lying posture (e.g., use of electronic devices while sitting,
reclining or lying; sitting at school or in public transport) [5]. Sedentary time (ST) indicates
the time spent in sedentary behaviors. The SB pattern finally indicates how a person
accumulates SB throughout a given time period, such as a day or a week, while being
awake. These patterns refer to the timing, duration and frequency of sedentary bouts, i.e.,
time periods of uninterrupted ST and breaks between sedentary bouts [5]. Canadian and
American recommendations emphasize that for gaining health benefits, children (aged 5-11
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years) and youth (aged 12-17 years) should limit recreational screen time to no more than
2 h per day and limit sedentary motorized transport, extended sitting time and time spent
indoors throughout the day [6]. According to the German recommendations, children
should spend a maximum of 60 min sedentary per day and adolescents a maximum of
120 min per day during recreational time [2]. A school child can both accumulate ten
hours of ST during a school day and fulfill PA recommendations by going for a 60 min
run in the evening. In this case, the child would accumulate an unhealthy amount of
ST but would not be classified as physically inactive. Thus, physical inactivity and SB
represent different aspects of PA behavior, which to some extent imply different risk factors
for health. Sufficient MVPA levels may only compensate for the health risks of high ST
levels to a certain degree [7]. Higher ST is associated with unfavorable body composition
and behavioral conduct, higher clustered cardiometabolic risk, lower fitness and lower
self-esteem in boys and girls [8].

PA and SB are complex multifactorial behaviors that are difficult to assess. Hence,
to obtain accurate data, device-based measures of PA and SB are recommended. The use of
self-report questionnaires to determine ST and MVPA reveals some, but not all, relation-
ships between PA and health risk factors [9]. Triaxial accelerometers, such as the Actigraph
GT3X+, are one of few devices of sufficient sensitivity to detect small movements during
sitting and standing. Although they are not free of shortcomings, such as inadequate
measurement while cycling or swimming or the dependence of PA values on different
approaches in collecting and processing accelerometer data (e.g., sampling rate, cut points
for different PA intensities), accelerometers have become the preferred choice for assessing
different levels of PA in children and adolescents [10].

Internationally, the use of accelerometers to assess PA and SB in children is increas-
ing [11]. However, the 2018 German Report Card on Physical Activity of Children and
Youth, which aims to evaluate and benchmark the national PA promotion efforts in children
and adolescents, showed that in Germany these studies are sparse [12].

Self-report data from wave two of the population-based German National Health
Interview and Examination Survey for Children and Adolescents (KiGGS) revealed that
22.4% of the girls and 29.4% of the boys between 3-17 years met the WHO recommen-
dations [13]. In the German national Health Behaviour in School-aged Children (HBSC)
survey (2013/14), self-report data received from 11 to 15-year-olds showed that only 14%
of girls and 19.9% of boys were physically active at moderate-to-vigorous intensity for
at least 60 min per day [14]. So far, only three studies provided PA data of larger sam-
ples of children and adolescents with accelerometers. The Identification and prevention
of dietary- and lifestyle-induced health effects in children and infants study (IDEFICS)
conducted accelerometer measurements of PA of children aged two to ten years (N = 1037,
mean age = 6.5 years). The proportion reaching 60 min MVPA on a daily basis was 14.0%
for girls and 33.3% for boys [15]. The German Infant Nutrition Intervention Programme
study (GINIplus) asked potential participants at the age of 15 to take part in accelerometer
assessments (N = 269, mean age = 15.5 years, SD = 0.3). The WHO recommendation
was fulfilled by 17.2% of the girls and 24.9% of the boys [16]. In wave two of the KiGGS
study, PA was assessed with self-report questionnaires (N = 12981) and, in a subsample,
with accelerometers (N = 2278). Initial results of accelerometer data analysis showed
that 19.7% of the girls and 36.6% of the boys aged 6 to 17 years exhibited 60 min daily
of MVPA [17]. These numbers reflect the typically found effects of gender and age [18],
indicating that on average, boys and younger children are more active than girls and older
adolescents, respectively.

Similarly, only a few studies that assess SB of children and adolescents living in
Germany in a device-based manner exist. Self-report data from the KiGGS and HBSC
studies in Germany showed that 60.4 to 72.3% of boys and 55.6 to 57.8% of girls spent
more than two hours per day watching TV and using electronic media [14,19]. Based on
their study, Huber and Koppel [20] concluded that children and adolescents spent 71%
of their awake time on weekdays and 54% on weekend days sedentary. Finally, based on
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accelerometer data from the GINIplus and IDEFICS studies, children and adolescents spent
roughly two thirds of their awake time in a sedentary position [15,16].

PA levels and SB for children vary throughout the day as well as between weekdays
and weekends. On average, school children are more active on weekdays than on weekend
days [21]. Furthermore, on weekdays, peaks of PA can be seen during the commute to
school in the morning, during lunch break and directly after the end of school hours [22].
Additionally, PA and SB levels and patterns of children and adolescents vary between
countries due to cultural and environmental differences [18].

According to the socioecological framework, health behaviors like PA and SB can be
influenced by factors at the intrapersonal level (e.g., gender or psychological constructs),
interpersonal level (e.g., group processes), organizational level (e.g., schools), community
level (e.g., built environment, local infrastructure) and policy level (e.g., laws). It is further
assumed that behavior is affected by direct, indirect and interactive effects of the respective
levels [23]. Although the most proximal factors of the intrapersonal level seem to be
more influential on PA and SB compared to factors of the social or built environment,
responsibility for the population’s health behavior is supposed to be shared between the
actors from the different levels of influence [23,24]. In line with this notion, family and
school represent the two main settings where interventions to increase PA and reduce SB of
school children are conducted [25]. Within the school setting, numerous PA programs have
been conducted, including a substantial number of intervention studies that generated
positive effects on accelerometer-measured PA. These programs can be further divided into
classroom-based interventions [26], interventions during recess [27], interventions focusing
on active school transport [28] and after-school interventions [29]. As a first step toward the
development of a potentially effective intervention program, it is necessary to differentiate
in which situations or settings PA should be promoted in order to appropriately respond
to existing deficits and challenges [25]. Therefore, understanding differences in PA and
SB of German students during the day and over the course of the week is of importance
when planning interventions. Thus, the aim of this contribution is (a) to describe the
level of ST, light physical activity (LPA) and MVPA in a sample of female sixth graders
in Southern Germany, (b) to report the percentage of students complying with the WHO
recommendations of MVPA (60 min per day) and the German recommendations of MVPA
(90 min per day) and ST (less than two hours per day), (c) to provide an overview of patterns
of PA and ST throughout the day and d) to analyze differences between weekdays and
weekends in these values and patterns. The study focuses on female sixth graders of lower
secondary schools as they represent a specific risk group for physical inactivity in terms of
gender, age and socioeconomic status (SES) [13,18]. It was assumed that the majority of
female students did not meet the WHO and German recommendations regarding MVPA
and ST. Furthermore, MVPA levels were expected to be higher on weekdays compared to
weekend days, including peaks for transport to and from school.

Insights are generated through an analysis following the most recent recommendations
of accelerometer-related literature [30], which to date have not been applied to data of
a German-speaking sample. Comparisons to existing studies analyzing PA and SB in
children and adolescents in Germany, Europe and worldwide, as well as implications of
different decisions regarding sampling and processing of accelerometer data, are discussed
in detail.

2. Materials and Methods
2.1. Participants

The original sample comprised 622 sixth graders (77 boys; 12.4%) aged 11 to 12 years
from 20 schools. The schools belonged to two kinds of German secondary schools (Re-
alschule and Gymnasium), which represent an intermediate and high secondary education,
respectively. Sample recruitment took place both in and around (distance <25 km) the cities
of Munich, Tiibingen and Freiburg, as there were enough members of the research team
regularly at site to guarantee an economic and flexible sampling process with respect to
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the schedules of school principals, teachers and students. Every student free of any acute
injuries (e.g., broken leg) and clinical diagnoses prohibiting PA could participate in the
study. Participation rate was 74.1%. The main reasons for not being willing to take part
in the study were children’s doubts regarding their outer appearance when wearing the
accelerometers and their concerns that the devices might hinder their performance and
enjoyment when being physically active.

For the most part, data assessments took place in the context of the CReActivity
intervention study focusing on the promotion of girls’ PA [31]. The intervention was
implemented in single-sex female physical education (PE) in the sixth grade of lower
secondary schools. This school type was chosen because of its higher portion of students
with a lower SES compared to other types of secondary schools in Germany [32]. Further
details about the intervention program can be found in the study protocol [31]. The data
used for the present analysis were taken from pilot studies testing the feasibility of ac-
celerometer assessments (including girls and boys) and from the baseline assessments of
the intervention study.

The minimal sample size was calculated under consideration of the intended increase in
MVPA provoked by the intervention. Furthermore, using a formula by Rutterford et al. [33],
the estimated intracluster correlation, the supposed variation in class sizes and the levels
of significance and power were considered as well. Sample size calculation resulted in a
minimum of 467 students being required.

The original sample size of 622 students was diminished by failure or loss of assess-
ment devices or by children not wearing the devices for the required amount of time,
resulting in invalid measurements. Furthermore, due to their small number, data of boys
were excluded to avoid a remarkable imbalance regarding gender that might have led to
a bias in the results. Eventually, 425 female sixth graders constituted the sample for the PA
data analysis. Average BMI (kg/m?) of the final sample was M = 19.5 (SD = 3.7; N = 282).
The number of students participating in the measurements for the BMI was reduced by stu-
dents refusing to get weighed because they were afraid that their classmates might find out
about their weight. This concern applied to both apparently normal-weight and overweight
girls, although each student was separated from the class for the measurements. SES was
assessed by questions concerning the parents’ current jobs. The answers were classified by
means of the International Socioeconomic Index of Occupational Status (ISEI) based on
the International Standard Classification of Occupation 2008 (ISCO-08) [34]. When both
parents were employed, the job with the higher ISEI was considered (HISEI). The HISEI of
the final sample ranged between 15 and 89 with a mean value of 50.5 (SD = 16.0; N = 360).
HISEI could not be calculated for every participant because of vague answers which made
precise classifications impossible.

The dataset analyzed for this study is provided as supplementary file S1.

2.2. Measures
Physical Activity

PA was measured with accelerometers (ActiGraph models GT3X to wGT3X-BT; Pen-
sacola, FL, USA). A small part of the sample (46 students) was assessed with the GT3X
model, while the vast majority wore newer models. The agreement regarding PA out-
comes between the different generations of ActiGraph models used in this study was
high, with the differences in MVPA values measured with different models being close to
zero [35]. The recent systematic review of Migueles et al. served as the main foundation
for choosing the accelerometer data collection and processing criteria [30].

The devices were worn on the right hip with an elastic belt. Hip placement was chosen
since it classifies PA behavior at least as accurately as wrist placement, with the wearing
compliance being comparable for both placements [36]. The participants had to wear
the accelerometers for at least seven consecutive days. On weekdays children put on the
devices when they started their way to school at the latest, on weekend days they put them
on right after getting up. The accelerometers had to be worn all day long, except during
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water-based activities, until 9 p.m. or until they went to bed. ActiLife (v. 6.13.3, ActiGraph,
Pensacola, FL, USA) was used for initialization of accelerometers and the processing of the
assessed data. The sampling rate was set to 30 Hz.

When downloading the data from the accelerometers, all three axes (vertical, hori-
zontal, medio-lateral) were used to calculate the vector magnitude (VM) activity counts,
which were summed over 1-s epochs (10-s epochs for the GT3X model because of lower bat-
tery and memory capacity), considering the intermittent activity behavior of children [30].
Furthermore, choosing a short epoch length means that the resulting resolution of the
measurement is higher [37]. VM was calculated as the square root of the sum of the three
axes’ squared activity counts [38]. Data filtering with the ActiLife low frequency extension
(LFE) was not applied.

As a next step, wear-time validation of the data was conducted with the algorithm
by Choi, Liu, Matthews and Buchowski [39]. Although the Choi et al. algorithm is most
popular in adult samples, it was used in this study. It classifies periods of at least 90 min
without any activity counts as non-wear time counts. Up to two minutes of temporary
activity are tolerated in the classification of a period as non-wear time as long as there
are 30-min windows with no activity counts before and after this allowance period [39].
This is a more liberal non-wear time definition, since data are not excluded before there is
more than 90 min of zero activity. Instead, these periods are considered as ST. By choosing
a longer non-wear time definition, risk groups like adolescents with a higher BMI, who are
of special interest when investigating PA, are retained in the analysis to a greater extent.
Since they might show longer periods of ST, the risk of misclassifying these periods as
non-wear time is lower when more liberal non-wear time definitions are used [30]. Hence,
while accepting a decrease in activity counts per minute (CPM), the chosen non-wear time
definition prevents the potential loss of data of important risk groups [30]. A participant’s
PA data were considered as valid if data were available for at least three weekdays and
one weekend day, with at least eight hours of wear time (WT) being required for a valid
day. These criteria were seen as a good compromise between obtaining valid PA values
and at the same time retaining a comprehensive sample preserving the study’s power [30].
Applying these constraints, 78.0% of the participants included in this study provided valid
PA data (425 out of 545 girls).

In a last step, the wear time-validated activity data were analyzed by means of
the cut points provided by Héanggi, Phillips and Rowlands to eventually calculate the
average duration of ST, LPA and MVPA for the respective periods of interest for each
participant [10]. Based on counts per minute (60-s epoch) and counts per second (CPS;
1-s epoch), respectively, the cut points were: less than 180 CPM /3 CPS for ST, 180 to 3360
CPM/3 to 56 CPS for LPA and more than 3360 CPM/56 CPS for MVPA. So for every epoch
it is checked whether the respective cut point is exceeded. Then, the epochs in which
the cut points are exceeded are added, which finally leads to values normally reported in
minutes per day. To obtain accurate values it is important to use cut points which, first of
all, offer the most precise assessment and, secondly, were validated using the same criteria
in collecting and processing PA data as we used [30]. The cut points from Héanggi et al.
were validated with a sample of similar age wearing the devices (GT3X) on the right hip
and a 1-s epoch length was used to sum up the VM activity counts without applying the
LFE filter. Additionally, raw vector magnitude counts per minute (VMCPM) were given
to indicate values which were free from the influence of subsequent transformations or
analyses [38].

According to the wearing guidelines described above, PA between 5 a.m. and 9 p.m.
was considered for the PA data analysis. In this way, the activities of participants who got
up early were included.

2.3. Procedure

Before eligible schools were contacted, the study and its associated data assessments
were approved by the ethics commission of the Technical University of Munich, registered
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under 155/16 S, and the Ministry of Cultural Affairs and Education of the state of Bavaria
in Germany.

Then, schools of the eligible school forms which were in and around the cities where
enough manpower was provided were contacted and could participate voluntarily. After
the schools had indicated a general willingness to take part in the study, several weeks
before the scheduled beginning of the data assessment, students and their parents were
informed in writing about the purpose and the procedure of the assessments. Students did
not participate unless they and their parents had provided written consent beforehand.
Participation in the assessments was voluntary and neither schools nor students were
rewarded in any way. Not taking part did not lead to any consequences for schools
or students.

Data were assessed during autumn and winter in 2016, 2017 and 2018. Data assess-
ments started at the beginning of a school lesson. Codes were used to ensure the anonymity
of the participants. Before the distribution of the accelerometers, members of the assess-
ment team explained how to put them on. At least 25% of the participants of each class (or
more, if there were more volunteers) were handed out a single-sided information sheet ex-
plaining how to handle the accelerometers. These students then served as contact persons
for the upcoming assessment days in case their classmates had questions, like when and
how to wear the devices. Furthermore, the volunteers were to remind their classmates to
wear the accelerometers regularly and correctly throughout the assessment days. After one
week, the accelerometers were collected in school by a member of the assessment team.

2.4. Data Analysis

Statistical data analysis was performed in SPSS, version 25 [40]. PA behavior was
described by the means and standard deviations for ST, LPA, MVPA and VMCPM. Addi-
tionally, the average wear time for valid days was calculated. Every descriptive statistic
was given for an average weekday, weekend day and for an average day considering the
respective amount of valid weekdays and weekend days for each participant. Based on the
mean values of each participant, the percentage of girls fulfilling the WHO and German
recommendations regarding MVPA per day was calculated. To examine patterns of PA and
SB throughout the day, the hourly means of valid cases were incorporated into a diagram.
The distribution of the ST and PA values at weekdays and weekend days differed slightly
from a normal distribution. Although the sample could be considered large enough to
still allow the application of parametric tests, differences between the values of weekdays
and weekend days were compared with a Wilcoxon test. To be able to test for differences
in PA intensity between weekdays and weekend days, the change in percent of WT and
MVPA from weekday to weekend was calculated as well as the respective portion of ST,
LPA and MVPA during WT. Discernible differences in the ST and MVPA patterns for
weekdays and weekend days were further analyzed by first building new variables (e.g.,
for periods > 1 h). As the distributions in the periods of interest differed significantly from
a normal distribution, the differences between weekdays and weekend days were again
tested with Wilcoxon tests. Effect sizes r were classified using the criteria from Cohen,
which consider r > 0.1 a small effect, r > 0.3 a medium effect and r > 0.5 a large effect [41].

3. Results

Table 1 shows the means and standard deviations of ST and PA behavior as well
as the average WT for valid days. Figure 1 shows the percentage of the girls that met
the WHO and German recommendation for MVPA on weekdays and weekend days,
respectively. Whereas 90.4% reached the WHO recommendation of 60 min of MVPA during
weekdays, this number diminished to 57.4% for an average weekend day. The German
MVPA recommendation of 90 min of MVPA was fulfilled by 42.1% on a weekday and 19.8%
on a weekend day. Additionally, on a weekday only 6 of 425 students (1.4%) managed
to limit their ST during recreational time (between 4 and 9 pm) to less than two hours.
On a weekend day, no one accumulated less than two hours being sedentary.
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Table 1. Sedentary and physical activity behavior in minutes and in percent of wear time (mean (SD))

on average weekdays, weekend days and in total (N = 425).

Wilcoxon Test

Weekday Weekend Day Z-Value, Effect Size r Total
ST/day (min) 515.0 (72.5) 434.8 (91.6) —14.07 ***,0.48 493.7 (67.6)
LPA/day (min) 177.0 (50.4) 147.0 (51.6) —13.10 ***, 0.45 168.7 (47.2)
MVPA /day (min) 87.5(23.2) 68.4 (30.2) —13.20 ***, 0.45 82.3(22.4)
VMCPM (min) 875.2 (225.3) 855.2 (323.3) —2.72**,0.09 867.9 (221.9)
WT/day (min) 779.4 (57.5) 650.1 (94.7) —16.21 ***,0.56 744.6 (50.7)
ST/WT (%) 66.0 (7.7) 66.9 (9.9) —2.56 *,0.09 66.3 (7.6)
LPA/WT (%) 22.7 (6.4) 22.6 (7.4) —0.63,0.02 22.7 (6.3)
MVPA/WT (%) 11.2 (2.9) 10.5 (4.4) —5.39 ** (.18 11.1 (2.9)

Note. SD = standard deviation; min = minutes; ST = sedentary time; LPA = light physical activity;
MVPA = moderate-to-vigorous physical activity; VMCPM = vector magnitude counts per min; WT
= wear time on valid days; */**/*** = p-values for difference between weekday and weekend day

<0.05/<0.01/<0.001.

B 60 min MVPA B 60 min MVPA

weekd:fy weekend day
m2 60kr(ri\m MVPA 2 60 min MVPA
weekday weekend day
<90 min MVPA
weekday <90 min MVPA
290 min MVPA weekend day
weekday @ 2 90 min MVPA
weekend day

Figure 1. Percentages of the sample fulfilling the respective PA recommendations. Green = recommendation fulfilled,
red = recommendation not fulfilled; MVPA = moderate-to-vigorous physical activity.

Table 1 not only indicates that the girls’ MVPA values showed a significant decline
from weekdays to weekend days (z = —13.20, p < 0.001, r = 0.45), but that ST (z = —14.07,
p <0.001, r = 0.48), LPA (z = —13.10, p < 0.001, r = 0.45) and the average WT for a valid day
(z=—-16.21,p < 0.001, r = 0.56) also dropped to a similar extent. Furthermore, a comparison
of the VMCPM between weekdays and weekend days showed significantly less counts
per min on weekend days (z = —2.72, p < 0.01, r = 0.09). This raised the question of
whether the adolescents’ PA behavior was less intense on weekend days or if this behavior
was only performed for a smaller amount of time for the participants getting up later on
weekend days compared to weekdays. To answer this question, the extent of the decrease
in MVPA and WT from weekdays to weekend days was compared. The decline in percent
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of MVPA was significantly larger than that of WT (z = —5.62, p < 0.001, r = 0.19). Likewise,
the portion of MVPA during WT was higher on weekdays compared to weekend days
(weekdays = 11.2%, weekend days = 10.5%; z = —5.39, p < 0.001, r = 0.18). While there
was no difference regarding LPA (weekdays = 22.7%, weekend days = 22.6%; z = —0.63,
p = 0.53), there were more girls with a higher portion of ST during WT on weekend days
than on weekdays (weekdays = 66.0%, weekend days = 66.9%; z = —2.56, p < 0.05, r = 0.09).

Figure 2 shows the adolescents” SB and PA patterns on weekdays and weekends.
Between 6 am. and 1 p.m., the girls accumulated about 100 min more ST on week-
days than on weekend days (weekdays = 251.78, weekend days = 148.56; z = —16.89,
p <0.001, r = 0.58). MVPA was higher on weekdays compared to weekend days, especially
in the time periods between 7 a.m. and 8 a.m. (weekdays = 9.53, weekend days = 0.38;
z=—17.73, p <0.001, r = 0.61), as well as between 1 p.m. and 2 p.m. (weekdays = 10.11,
weekend days = 6.21; z = —12.77, p < 0.001, r = 0.44).

MVPA weekdays
=== MVPA weekend days
= 5T weekdays
=== 5T weekend days

/ e

9-10 11-12 13-14 15-16 17-18 19-20
5-9 10-11 12-13 14-15 16-17 18-19 20-21

Time of day

Figure 2. Sedentary behavior (SB) and moderate-to-vigorous physical activity (MVPA) patterns on weekdays and weekend

days. ST = sedentary time.

Figure 3 displays the PA pattern based on VMCPM. The scale of the y-axis ranges from
VMCPM representing no activity to the upper limit of LPA defined by the cut points from
Hénggi et al. (3360 VMCPM). The main differences in average VMCPM between weekdays
and weekends can be observed between 6 a.m. and 8 a.m. (weekdays = 930.28, weekend
days =93.80; z= —17.54, p < 0.001, r = 0.60) and between 1 p.m. and 2 p.m. (weekdays =
1201.09, weekend days = 852.74; z = —11.17, p < 0.001, r = 0.38).
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Figure 3. Vector magnitude counts per minute (VMCPM) pattern on weekdays and weekend days.

Whereas SES was not relevant for PA behavior, BMI consistently exhibited significant
associations with girls” PA and SB both on weekdays and weekend days. In total, BMI
was positively related to ST (r = 0.24, p < 0.001) and negatively related to LPA (r = —0.30,
p <0.001), MVPA (r = —0.15, p < 0.05) and VMCPM (r = —0.25, p < 0.001).

4. Discussion

The female sixth-grade students examined in the CReActivity study showed good
levels of PA with 90.4% fulfilling the WHO recommendation on a weekday and 57.4% on
a weekend day. Healthier PA and SB were significantly related to lower BMI. PA behavior
was better than what had been assumed based on previous studies in Germany [15-17].
MVPA values of the present study were also higher compared to the international HELENA
study, which reported a daily average of around 50 min of MVPA for adolescent girls
from nine European countries including Germany [42]. Accelerometer-measured PA of
participants aged 9 to 13 years from the ENERGY project conducted in five European
countries indicated clearly lower mean MVPA values of 36 and 25 min on weekdays and
weekend days, respectively [43]. However, the MVPA values of the present study were
highly similar to those of an international systematic review by Brooke, Corder, Atkin
and van Sluijs examining accelerometer-measured PA of school-aged children [21]. In the
36 studies included in their meta-analysis, most of them conducted in Europe and North
America, subjects exhibited on average 82.3 min of MVPA on weekdays and 68.3 min
of MVPA on weekend days. However, the standard deviation of the means amounts
to 44 min, indicating a substantial variance in the MVPA values found by the different
studies. The high ST values of more than eight hours in our study fit the results of a study
with data from 40 countries in Europe and North America by Hallal and colleagues [44].
They estimated that two thirds of adolescents aged 13 to 15 already gathered at least two
hours per day of ST only by watching television. With an average of around nine hours
of daily ST accounting for 70% of girls’ total wear time, the results of the HELENA study
were highly similar to the results presented in our study [42]. The substantial amount of
ST in the present study was even exceeded by that reported in the results from female
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adolescents included in the Spanish UP&DOWN study, who exhibited more than seven
hours of leisure-time SB averaged over weekdays and weekend days [45].

Even though the average PA level during the weekend was above the WHO recom-
mendation in the present study, there was a significant decrease of LPA, MVPA and ST and
WT compared to weekdays. The direction and magnitude of the difference in MVPA levels
between weekdays and weekend days are in line with the results of the systematic review
by Brooke et al. [21], in which MVPA was on average 14 min higher on weekdays than on
weekend days. The pooled standardized mean difference of d = 0.42 reflects a small-to-
medium effect which is also comparable to the one in our study. Thus, the assumed decline
in PA from weekdays to weekend days can be confirmed.

However, the qualitative intensity of PA while being awake and active was only
slightly lower on a weekend. Instead, the length of time in which the female adolescents
engaged in PA was shorter. The participants of our study exhibited on average about 19 min
less MVPA on a weekend day compared to a weekday. Similar to previous studies [21],
this difference can mainly be traced back to the commute to and from school. Between
7 am. and 8 a.m., adolescents gathered around nine minutes more MVPA on schooldays
compared to weekend days. In line with this, WT decreased by two hours from weekdays
to weekends because of longer sleep duration in the morning [46]. It seems that students
got up on a weekend day at the time they arrive at school on a weekday. This was shown
on the curves of the respective activity patterns concerning MVPA and VMCPM, which
approximate each other towards 8 a.m. (Figures 2 and 3). As soon as they were awake, the
PA pattern on a weekend day was comparable to that on a school day, with the exception
of the period between 1 and 2 p.m., which can probably be attributed to the break between
morning and afternoon classes or the way back home from school. During this hour, the
girls exhibited almost four minutes more MVPA on school days. The remaining difference
in MVPA of around six minutes between weekdays and weekend days was spread out
during the course of the day. When PA behavior during time segments with different
durations is compared, it is recommended to consult a relative measure like VMCPM
next to an absolute measure like MVPA [21]. Since the participants averaged two hours
more WT on weekdays than on weekend days, the respective difference in VMCPM was
examined. Although exhibiting a statistically significant difference in favor of weekdays,
the underlying effect was small and without practical meaning as the difference amounted
to 20 counts per minute. This result is again supported by the systematic review by Brooke
et al., who found a mean difference of about 30 CPM in favor of weekdays [21]. To put this
into perspective, the range for LPA in the cut points from Hanggi et al. extends from 180 to
3360 VMCPM, which shows that the detected difference in VMCPM between weekdays
and weekend days was, although statistically significant, practically negligible [10]. Addi-
tionally, although on weekdays the portion of MVPA during WT was significantly higher
and the portion of ST during WT was significantly lower, these differences were small
and did not indicate a qualitatively different dimension of PA on weekdays. For example,
Figures 2 and 3 illustrate that the intensity of PA which students exhibited between 7 and
8 a.m. on weekdays did not substantially exceed the intensity levels they showed during
an average weekend afternoon.

The MVPA level in the examined sample indicates a healthy PA behavior. How-
ever, whereas the WHO recommendation [1] regarding PA was on average fulfilled, the
German recommendation of 90 min daily MVPA [2] was only reached by a minority of
the present sample. Moreover, PA behavior on weekend days was clearly worse than
on weekdays. Since the WHO recommendation is understood as a minimum value and
because additional health benefits can be expected with higher PA levels [1], the need for
sustained PA promotion persists. Additionally, in view of the fact that SB partially implies
its own risk factors [7], further drawbacks become apparent. The vast majority of the
participants failed to meet the recommendation regarding ST during recreational time [2].
Taking into account that the recommended limit of two hours per day especially refers to
avoidable ST, like motorized transport or screen time, the girls tended to approximate this
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recommendation on weekdays rather than on weekend days. On average, the students
gathered around three hours of ST between 4 and 9 p.m. on a weekday. In the UP&DOWN
study, educational-based SB (doing homework, studying and reading) accounted for one
third of the girls’ leisure-time SB [45]. Thus, by applying these proportions to the SB
results presented here, a mentionable proportion of the girls came close to or even fulfilled
the ST recommendation when the approximated time spent on having dinner and other
necessary activities, like doing homework, was subtracted from their average after-school
ST. The average ST on a weekend day of more than seven hours, however, exceeded the
recommendation by far. Thus, the assumption that the students did not fulfill the German
recommendation regarding ST was largely confirmed, especially for weekend days.

The results indicate that the girls did not spend available time on weekends or after
school specifically on being physically active. The increase in MVPA after school com-
pared to school hours was small. Similarly, ST after school was only slightly lower than
during school hours. MVPA on a weekend afternoon was nearly the same as during
after-school hours. ST on an average weekday afternoon was on the same level as on
a weekend day. These findings resemble the results of the HELENA study and two studies
conducted in Great Britain with samples comprising similar age groups. In the PEACH
study, the portion of MVPA after school was slightly higher than during school hours
and during a weekend afternoon. In female participants of the HELENA study and in
the PEACH study, the percentage of ST was only slightly lower after school than during
school hours. Furthermore, in these samples, as well as for the girls of the SPEEDY study,
the portion of ST during after-school hours was on the same level as on a weekend [47-49].
In short, weekday MVPA in the afternoon was not much higher than during school hours,
ST did not significantly decrease in the afternoon. A comparison of afternoon PA and
SB between weekdays and weekend days exhibited negligible differences. The highly
comparable results of the systematic review of Brooke et al. [21] regarding the in-school
versus out-of-school comparison and the out-of-school versus weekend comparison led the
authors to the similar conclusion that children did not choose to spend their additional free
time during weekends on PA. An alternative explanation would be that leisure time hardly
exists for students since they spend too much time doing homework in the afternoon and
during the weekend [50].

However, even if hardly any free time is available for students, there should still be
several ways that PA can be promoted. Given that, during school hours, students” PA was
low and ST was high, the school represents one setting where interventions, especially of
a multicomponent character, can be effective. One possible component is the promotion
of active transport, which has led to an increase in PA in a variety of studies [25] and is
also in line with the PA peaks on weekdays in the present sample. Another intervention
component promoting PA directly within school hours could be classroom-based interven-
tions implemented in the regular curriculum [26]. Further components of interventions
in the school setting could include activity breaks, after-school programs, changes in the
school environment and improvements in the quality of PE lessons [25]. One possibil-
ity to positively affect PE quality is to conduct PE lessons based on self-determination
theory (SDT; [51]). SDT is one of the theoretical frameworks that is commonly used in
the educational context [52]. Applied to PE, it may initiate a chain of effects resulting in
higher PA levels. SDT suggests that if the three so-called basic psychological needs (BPNs),
autonomy, competence and relatedness, are satisfied, autonomous motivation is higher,
which finally promotes the respective behavior. Studies in a PE context have shown that PE
teachers can satisfy students” BPNs by applying a need-supportive teaching behavior [53].
This way, students” autonomous motivation during PE can be increased [53,54]. Subse-
quently, autonomous motivation for PA in leisure time can be enhanced as well, which
finally results in higher PA levels after school and on weekends [53-55]. In this way, PE can
enable a transfer of PA-enhancing effects during school hours into leisure time, and thus
the family setting. In this setting, further contributions to PA increase and SB decrease can
be made by appealing to the role of the parents. It has been shown that parental support
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can increase PA and reduce SB of children [25,56]. Additionally, the PA and screen time of
children are positively related to the PA and screen time of their parents [25]. These find-
ings can help build the foundation for interventions in the family setting in order to find
appropriate responses to high levels of SB during weekends, which were also found in the
present study.

Accelerometer-based PA data assessment is more objective than a self-report ap-
proach [9]. However, device-based measurement techniques are not necessarily free of
possible biases. One example would be a possible motivational effect of the PA measure-
ment itself, referred to as the mere-measurement effect [57]. The students knew that the
accelerometers measured PA and they were also aware of the fact that higher PA levels
are socially rewarded. Social desirability and reactivity leading to behavior adaption in
the sense of a “Hawthorne effect” may have then led to students trying their best to be
physically active [58,59]. This effect might have occurred despite the fact that the students
who were enrolled in the intervention study were not told whether they formed part of
the intervention or control group, as an increase in PA due to its mere measurement can
happen in members of both groups [60].

Additionally, and even more importantly, researchers make many data processing
and analysis decisions when creating accelerometer-derived estimates of ST and PA [30,61].
These include decisions concerning the sampling rate, the choice of epoch length, the se-
lection of an algorithm to differentiate accelerometer WT from non-WT and the cut-point
definitions to determine the amount of time spent in ST and PA intensity levels. The choice
of the methodological procedure was an important factor for explaining the high MVPA
values found in this study in comparison to previous studies in Germany and Europe.

Using short epoch lengths leads to a higher resolution of the measurement and
therefore increased MVPA values [61]. Analyzing accelerometer data of 7 to 11-year-olds,
Banda et al. could show, with the example of the often-applied Evenson et al. cut points [62],
that the average MVPA value using a 60-s epoch length was only 67.2% of the value using
1-s epochs. Using other cut points the difference was even more severe (Romanzini [63]:
65.8%; Treuth [64]: 50.1%; Puyau [65]: 47.4%; Mattocks [66]: 39.6%) [61].

Furthermore, even when activity cut points are applied together with the epoch length
originally used to validate the respective cut points, MVPA values still differ to a great
extent between the cut points. Banda and colleagues showed in their study that when
using Romanzini cut points, 107.6 min of MVPA per day were calculated in comparison
to between 15.2 and 59.9 of MVPA minutes per day when using the other four activity
cut points [61]. However, the obvious effect of different minimum amounts of counts per
minute that have to be reached to classify activities as being at least moderate cannot fully
explain the differences in the calculated MVPA values. This is when the question of using
vertical axis counts or VM counts comes into play. Romanzini et al. offered cut points
which were validated using VM counts, whereas the other four cut points only used the
counts of the vertical axis. When analyzing PA behavior by VM cut points, ST values
are lower and MVPA values are higher compared to using vertical axis counts only [67].
Using VM scores, the precision of the measurement is enhanced as movements in everyday
life are more frequently performed in an anterior-posterior and medio-lateral direction
than in a vertical direction. Likely because of that, the MVPA estimates of elderly women
examined by Keadle et al. using VM cut points were twice as high as when considering
vertical axis counts only. This is supported by a study of Migueles et al. showing that
the VM activity cut points from Romanzini et al. and Hanggi et al. lead to the highest
MVPA estimates compared to other established cut points [68]. These findings lead to the
conclusion that PA estimates using VM cut points and vertical axis cut points cannot be
directly compared [67].

As the main strength of our study, we followed recent recommendations calling for
high resolution and precision in PA data assessment and analysis by sampling with 30 Hz,
using a 1-s epoch length and applying the VM activity cut points from Hanggi [30,61].
In contrast, the German GINIplus and IDEFICS studies used 60-s epochs and vertical axis
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cut points [15,16]. The German KiGGS study applied VM cut points but only a 15-s epoch
length [17,69]. Both the European HELENA study (including data from adolescents of one
German city) and the ENERGY project only measured vertical movements and analyzed
accelerometer data with an epoch length of 15 s [42,43]. The Spanish UP&DOWN study
used both triaxial and uniaxial accelerometers and a 10-s epoch length [45]. The different
decisions regarding accelerometer data sampling and processing criteria have undoubtedly
contributed to less accurate and thus lower activity estimates in previous German and Eu-
ropean studies compared to our results. The data from the HELENA study have now been
examined again with different cut-point definitions, including different epoch lengths [70].
Based on data from the exact same sample, fulfillment of the WHO recommendation for
MVPA ranged between 5.9% and 37%, according to the applied cut points. In view of
these findings, the authors questioned the results of the HELENA study by suggesting
that the reported PA levels could have been significantly different if they had used other
epoch lengths, which, however, is only one of several processing criteria in accelerometer
data analysis. The authors further concluded that inaccuracies in accelerometer analysis
could lead to wrong inferences when examining the relationship of PA levels and health
outcomes and thereby underlined the importance of precise accelerometer analyses [70].

With regard to SB, the results of our study and those of previous studies do not differ
as much as with regard to PA. The German GINIplus and IDEFICS studies indicated
a comparable SB [15,16]. ST values of our study are similar to those of the HELENA
study [42]. Participants of the ENERGY project exhibited highly similar ST values both on
weekdays and on weekend days. Female participants of the Spanish UP&DOWN study
exhibited higher SB levels, with more than seven hours of ST during leisure time only [45].
The reason for the higher agreement between studies regarding ST values compared to PA
values is that estimation of ST values is less affected by different accelerometer sampling
and processing criteria. For example, if a person is sitting still for an uninterrupted period
of time, this is considered as ST regardless of the chosen sampling rate, epoch length or
activity cut points as there is no activity at all. Different choices in these criteria do not have
an effect until the person shows short interruptions of ST by intermittent periods of PA,
which may only then be identified as activity if the chosen sampling and analysis criteria
allow for it. An intermittent PA behavior is more common among children and adolescents,
which underlines the necessity of accelerometer analyses with a high resolution for these
populations especially [30].

The main limitation of this study is that the results only refer to female sixth graders
and cannot be considered as being representative for the German population of children
and adolescents. Analyses with samples including an equal number of female and male
participants, as well as participants from different age groups, regions and school types,
are necessary to allow for nationwide and precise insights into PA and SB of children and
adolescents in Germany. Another limitation of the study is the lack of a log recording the
times when the accelerometer was worn or a diary depicting the course of the day of every
student. This way, the interpretation of the differences between PA and SB on weekdays
and weekend days could have been corroborated by the students’” recordings. Furthermore,
since data were collected during autumn and winter, data of this study do not reflect the
possible seasonal variations in PA and SB. PA of children and adolescents tends to be higher
in spring and summer compared to autumn and winter [71,72]. SB normally reaches its
highest level during autumn and winter, with seasonal differences being greater on week-
ends [72]. Whereas this might actually attenuate or even balance the mere-measurement
effect discussed above [57], it can certainly be considered as a limitation in terms of the
representativeness of the PA and SB data regarding seasonal variations.

5. Conclusions

The results of this study lead to three main conclusions. First of all, PA behavior of
the female sixth graders participating in the CReActivity project was better than expected
in light of previous German and international studies. The vast majority fulfilled the
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WHO guideline on PA on weekdays and more than half of the students were sufficiently
active on weekend days. Secondly, SB of the participants was worrying, especially during
school hours and on weekend days. Considering that the detrimental effects of high SB
on health are partially independent of the effects of physical inactivity, multicomponent
interventions need to find solutions that enable students to reduce their SB levels at school
and engage in less sedentary activities with family and friends during weekends. Third,
the accelerometer assessment of PA and SB would have led to less precise results if the
sampling and processing criteria of previous German and international studies had been
applied. This questions the accuracy of previous findings and highlights the necessity
of larger representative studies that follow the most recent recommendations regarding
accelerometer-based measurement of PA and SB. Only highly precise measurements of PA
and SB levels and patterns allow for an accurate problem analysis that can subsequently
serve as foundation for creating suitable and effective solutions.
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Title: Physical Activity-Related Profiles of Female Sixth-Graders Regarding
Motivational Psychosocial Variables: A Cluster Analysis Within the
CReActivity Project

Journal: Frontiers in Psychology
Doi: 10.3389/fpsyg.2020.580563
Summary:

Only a small minority of studies in the field of PA research uses a person-oriented approach
in analyzing the determinants of interindividual differences in PA behaviour. By means of
the traditionally applied variable-based approach, possible coexistences and interactions of
different determinants within a given person cannot be examined. Therefore, the aim of the
second article was to apply a person-oriented approach on the psychosocial determinants
assessed in the CReActivity project, to examine a) which profiles regarding PA-related
psychosocial variables typically occur in female sixth-graders, (b) if these profiles deliver a
self-consistent picture according to theoretical assumptions, and (c) if the profiles also
contribute to the explanation of interindividual differences in PA. The sample for this study
comprised 475 female sixth-graders. Results of a self-organizing maps analysis suggested
the extraction of three superordinate profiles, representing one positive, one medium and
one negative cluster in terms of their PA-related psychosocial resources. The superordinate
cluster solution represented a self-consistent picture that was in line with theoretical
assumptions. Furthermore, the identified profiles contributed to the explanation of PA
behaviour, with the positive cluster accumulating an average of six minutes more MVPA per
day than the medium cluster and ten minutes more than the negative cluster. Additionally,
via the graphic presentation of the results, a subgroup within the positive cluster was
detected, whose shape differed to some extent from the superordinate profile. Members of
this subordinate profile were the most active, since they benefited from a specific
combination of intrinsic and external regulations with regard to PA.

The manuscript was submitted in August 2020, accepted in October 2020, and published
in November 2020 in the section Movement Science and Sport Psychology of the journal
Frontiers in Psychology. Frontiers in Psychology is an international peer-reviewed open-
access journal that publishes research across the psychological sciences and represents
the largest journal in its field.
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Introduction: Adolescents’ physical activity (PA) behavior can be driven by several
psychosocial determinants at the same time. Most analyses use a variable-based
approach that examines relations between PA-related determinants and PA behavior
on the between-person level. Using this approach, possible coexistences of different
psychosocial determinants within one person cannot be examined. Therefore, by
applying a person-oriented approach, this study examined (a) which profiles regarding
PA-related psychosocial variables typically occur in female sixth-graders, (b) if these
profiles deliver a self-consistent picture according to theoretical assumptions, and (c) if
the profiles contribute to the explanation of PA.

Materials and Methods: The sample comprised 475 female sixth-graders. Seventeen
PA-related variables were assessed: support for autonomy, competence and
relatedness in PE as well as their satisfaction in PE and leisure-time; behavioral regulation
of exercise (five subscales); self-efficacy and social support from friends and family (two
subscales). Moderate-to-vigorous PA was measured using accelerometers. Data were
analyzed using the self-organizing maps (SOM) analysis, a cluster analysis including an
unsupervised algorithm for non-linear models.

Results: According to the respective level of psychosocial resources, a positive, a
medium and a negative cluster were identified. This superordinate cluster solution
represented a self-consistent picture that was in line with theoretical assumptions. The
three-cluster solution contributed to the explanation of PA behavior, with the positive
cluster accumulating an average of 6 min more moderate-to-vigorous PA per day
than the medium cluster and 10 min more than the negative cluster. Additionally,
SOM detected a subgroup within the positive cluster that benefited from a specific
combination of intrinsic and external regulations with regard to PA.
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Discussion: The results underline the relevance of the assessed psychosocial
determinants of PA behavior in female sixth-graders. The results further indicate that the
different psychosocial resources within a given person do not develop independently
of one another, which supports the use of a person-oriented approach. In addition,
the SOM analysis identified subgroups with specific characteristics, which would have
remained undetected using variable-based approaches. Thus, this approach offers
the possibility to reduce data complexity without overlooking subgroups with special
demands that go beyond the superordinate cluster solution.

Keywords: self-organizing maps analysis, person-oriented approach, cluster analysis, accelerometer, basic
psychological needs, physical activity, physical education

INTRODUCTION

Regular physical activity (PA) is an important component of
a healthy lifestyle. Engaging in regular PA helps to prevent
overweight and obesity and lowers the risk of diseases
like diabetes mellitus type II, colon and breast cancers or
cardiovascular as well as mental diseases (McKinney et al,
2016; Granger et al, 2017). The World Health Organization
(WHO) recommends children and adolescents to engage in at
least 60 min of moderate-to-vigorous physical activity (MVPA)
per day (World Health Organization [WHO], 2018). Children’s
compliance with the WHO guideline is crucial because the
participation in regular PA not only leads to positive short-
and middle-term effects on their health, but also increases the
probability of an active and healthy lifestyle later in adulthood
(Hallal et al., 2006; Telama, 2009). However, only a minority
of children and adolescents fulfill the minimum guideline of
MVPA. Pooled analyses of self-report studies have shown that
worldwide 19.7% of children aged 13 to 15 years and 19% of
students aged 11 to 17 years reach 60 min of daily MVPA (Hallal
et al,, 2012; Guthold et al., 2020). Analysis of accelerometer data
of over 26,000 5-17-year olds from ten countries indicated an
even lower rate with 9% of boys and 1.9% of girls fulfilling
the WHO guideline (Cooper et al,, 2015). In addition to this
gender effect, which is consistently found during adolescence, PA
decreases with age (Dumith et al., 2011; Van Hecke et al., 2016).
Furthermore, although there have been ambiguous findings, a
lower socioeconomic status (SES) of the household tends to
have a negative effect on PA levels in children and adolescents
(Sallis et al., 2000; Corder et al., 2011; Molina-Garcia et al., 2017;
Finger et al., 2018).

By means of an intervention program in physical education
(PE), the CReActivity project (Demetriou and Bachner, 2019)
aims to promote PA of female sixth-graders attending lower-track
secondary schools. The sample was chosen because it represents
a specific risk group regarding physical inactivity in terms of age,
gender and socioeconomic status (e.g., Van Hecke et al., 2016;
Finger et al., 2018). Thirty-three classes and their respective PE
teacher participated in the project and were randomly assigned
to intervention group (IG) and control group (CG). While the
PE teacher behavior remained unaffected in the CG, PE teachers
of the IG were provided with 48 fully elaborated lesson plans
specifically designed to support students’ basic psychological

needs (BPNs) autonomy, competence and relatedness. The
lesson plans were divided into the learning domains of
football, basketball, gymnastics, health and fitness, swimming
and dancing. IG teachers could freely choose which lessons they
wanted to implement during the 16-week intervention period.
Further details about the intervention program can be found
elsewhere (Demetriou and Bachner, 2019).

Self-determination theory (SDT; Ryan and Deci, 2000) and,
more specifically, the associated BPN theory (Deci and Ryan,
2000) were chosen as the main foundation for the intervention
because they not only allow for the explanation and prediction
of human behavior but also include specific mechanisms and
instructions on how to actually promote PA behavior via an
increase in motivation (Buchan et al., 2012). SDT focuses both
on the quantity and on the type of motivation through which
human behavior is regulated. According to SDT, six types of
motivation can be differentiated and their respective regulation
is arranged on a continuum of self-determination (Ryan and
Deci, 2000). The state when a person totally lacks motivation
is referred to as amotivation. The least autonomous form of
motivation is external motivation, when behavior is regulated
by external factors such as rewards or imminent penalties. Next
on the self-determination continuum is introjected motivation.
Introjection describes the circumstance when people are led
by external motivation that has already been internalized to
some extent. Thus, the behavior does not fully emanate from
oneself, but is executed in order to avoid having a bad
conscience, to gain pride, or to maintain one’s self-esteem.
When a person shows a certain behavior because it is personally
valued and considered important, it is referred to as identified
motivation. Integrated and intrinsic motivation, finally, are the
two most autonomous forms of behavioral regulation. They
differ in that intrinsic motivation triggers behavior with the
purpose of enjoying the respective activity, whereas integrated
motivation means that the person has fully integrated the value
of the behavior but still strives for a specific outcome apart
from having fun (Ryan and Deci, 2000). SDT proclaims that
the satisfaction of the so-called BPN autonomy, competence
and relatedness leads to autonomous forms of motivation.
Autonomous motivation should in turn promote the respective
behavior. A systematic review and meta-analysis (Owen et al.,
2014) of cross-sectional studies referring to the relationship
of autonomous motivation and PA supports this assumption.
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Furthermore, several longitudinal studies in the context of
physical education (PE) illustrate possible ways to promote PA
based on SDT (e.g., Chatzisarantis and Hagger, 2009; Standage
et al., 2012; Van den Berghe et al., 2012; McDavid et al., 2014).
As a first step, by means of need-supportive teaching behavior
in PE classes, the actual satisfaction of BPN can be improved
significantly (Standage et al., 2012). Secondly, higher satisfaction
of BPN during PE can lead to higher autonomous motivation of
students during class (Chatzisarantis and Hagger, 2009; Jaakkola
et al, 2012; Standage et al.,, 2012). Subsequently, autonomous
participation in PA during leisure-time (LT) is increased as
well, which finally leads to higher PA levels (Chatzisarantis and
Hagger, 2009; Standage et al., 2012; McDavid et al., 2014).

To allow for a manipulation check of the CReActivity
intervention, the degree of BPN support was assessed. To
evaluate the intervention effect, MVPA was measured with
accelerometers. To be able to examine possible mediating forces
of the intervention effect, BPN satisfaction in PE and leisure-time
as well as the quantity and quality of PA-related motivation were
assessed. In addition, self-efficacy and social support by family
and friends were also measured (Demetriou and Bachner, 2019).
As the central construct of the social-cognitive theory (SCT),
Bandura defined self-efficacy as “beliefs in ones capabilities
to organize and execute the courses of action required to
produce given attainments” (1997, p. 3). Although often deemed
redundant to competence, self-efficacy was included as a potential
mediator with incremental value because competence and self-
efficacy can be distinguished both conceptually and statistically
(Rodgers et al., 2014). Several reviews consistently identified
self-efficacy as a highly relevant psychological correlate and
determinant of PA behavior of children and adolescents (Bauman
et al., 2012; Cortis et al., 2017). Further reviews concluded that
self-efficacy can help to attenuate the decrease in PA during
adolescence and can act as the most powerful mediator in
intervention studies trying to promote PA (Lubans et al., 2008;
van Stralen et al., 2011). Social support by family and friends
was considered as a potential mediator because IG students were
supposed to take over a teaching role after school and instruct
their friends and families to repeat what they had learned in PE.
This way, people around the participants were expected to be
affected by the intervention as well, which should finally lead to
mutual support. Concrete social support on active lifestyles from
parents and peers are independent factors affecting children’s and
adolescents’ PA behavior. Several systematic reviews (Mendonga
et al,, 2014; Laird et al., 2016) indicate the stable and positive
association between social support and PA. Specific providers
of social support such as family, parents, or friends have been
distinguished and their relevance regarding adolescent PA levels
has been demonstrated. While peers seem to have an influence
during both childhood and adolescence, the effect of parental
support on PA tends to decrease as their children reach the age
of 16 (Bush and MacDonald, 2015).

Thus, a substantial number of PA-related psychosocial
constructs, which in its entirety is also represented in the Youth
Physical Activity Promotion Model (Welk, 1999) and other
theoretical works (e.g., Laird et al., 2018), was assessed in the
CReActivity project. Only with a wide range of psychosocial

information available, the idea that PA behavior of an individual
is driven by several psychosocial determinants simultaneously
could be met and tested. Although this idea had been suggested
by the YPAPM (Welk, 1999) and other theoretical models and
assumptions (Deci and Ryan, 2000; Vallerand, 2007; Teixeira
et al., 2012; Vansteenkiste and Mouratidis, 2016), and had
been supported by empirical PA-related studies (Lindwall et al.,
2017; Emm-Collison et al., 2020), the majority of studies has
applied the traditional variable-based approach (Bergman and
Andersson, 2010) that examines relations between different
PA-related determinants and PA behavior on the between-
person level. Using this approach, the typically occurring
coexistence and possible interactions of different psychosocial
determinants within one person cannot be examined. Thus,
by applying a person-oriented approach to the baseline
measures of the CReActivity project, the following research
question 1 was examined: Which profiles regarding the assessed
PA-related psychosocial variables typically occur in female
sixth-graders? If the profiles deliver a self-consistent picture
according theoretical assumptions, this would also strengthen
the theoretical foundations of the study and would serve as a
double-check regarding the validity of the used scales. Therefore,
the second research question was posed: Is the coexistence of
the psychosocial constructs within the respective profiles in line
with theoretical assumptions? Finally, only if the chosen variables
lead to profiles that allow for a differentiation between students
with different MVPA levels and thus prove to be relevant for PA
in this specific sample, the variables can be seen as promising
mediators of a subsequent intervention trying to promote MVPA
in this sample. Thus, the third research question is: Do the
profiles contribute to the explanation of different baseline MVPA
levels? To date, this is the first study to examine the relationship
between profiles comprising PA-related psychosocial resources
and device-based measured MVPA in an adolescent sample. The
three research questions led to one central hypothesis. It was
assumed that students who have higher MVPA levels, exhibit
higher values in BPN support in PE and BPN satisfaction in PE
and LT, show a motivation for PA that is rather autonomously
regulated, and have higher values in self-efficacy and social
support from friends and family.

An appropriate method to examine these questions, given a
multitude of variables, is the self-organizing maps (SOM) analysis
(Kohonen, 1995). As a cluster analysis, it represents a person-
oriented approach, which assumes that various factors used to
describe a person, do not develop independently of one another
(Bergman and Lundh, 2015). SOM analysis is considered as
the predestined method as it provides a number of advantages
specifically useful for this study (Herrero-Herrero et al., 2017).
First, it includes an unsupervised algorithm for a potentially non-
linear data structure. Second, its statistical power is independent
from the number of variables included in the analysis. Third, it is
a powerful tool to present results in visualized and ostensive form,
which quickly illustrates how a complex number of variables are
typically associated within a given person. Fourth, by creating
superordinate clusters, typical profiles of female adolescents
regarding BPN support and satisfaction, motivation, self-efficacy
and social support are described and their relevance regarding
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MVPA can be examined. Fifth, SOM analyses tend to have a
higher accuracy in establishing typical profiles compared to more
regularly used clustering techniques (Astel et al., 2007; Budayan
et al., 2009; Melo Riveros et al., 2019). Lastly, in addition to the
superordinate cluster solution, SOM results may instantly hint
toward specific subgroups that, to some extent, stand out of their
actual cluster and may show special characteristics and needs.

MATERIALS AND METHODS

Participants

The study sample included 475 female sixth-graders. The
students were recruited from 20 secondary schools in and nearby
Munich. Students and their PE teachers voluntarily decided to
participate in the project. Since the sample formed part of an
intervention study promoting PA, the requested sample size
was calculated under consideration of the intended increase in
MVPA. Furthermore, using a formula by Rutterford et al. (2015),
the estimated intracluster correlation, the supposed variation
in class sizes and the levels of significance and power were
considered as well. Sample size calculation resulted in a minimum
of 467 students to be included in the analysis.

Students’ mean age was 11.60 years (SD = 0.55, N = 402).
They came from a variety of households with diverse
socioeconomic backgrounds. Mean SES was 49.40 (SD = 15.98,
N = 389). SES was assessed by means of four items asking the
students to name and describe their parents’ jobs. Answers
were rated with regard to the International Socioeconomic
Index of occupational status (ISEI) which is again based on
the International Standard Classification of Occupation 2008
(ISCO-08) (Ganzeboom, 2010). If the jobs of both parents could
be assigned an ISEI value, the job with the higher ISEI was
considered (HISEI). A HISEI value could not be determined
for every participant because some of the students gave vague
answers or did not respond appropriately. The sample was on
average normal weight (mean BMI = 19.52,SD = 3.73, N = 361).
The number of indicated BMI values was reduced because some
participants, both apparently normal weight and overweight
girls, were not willing to be weighed.

The study was approved by the ethics commission of the
Technical University of Munich (155/16 S) and the Bavarian State
Ministry for Education and Culture.

Measures
The psychosocial variables were assessed by a paper-pencil
questionnaire. The items were translated into German by means
of a committee approach. Wording of the items was adapted to
the language skills of the sample used in this study to enable
students to fully understand the items and to answer properly
without the constant help of the assessment team. Prior to the
main assessments, the items were pilot tested by means of the
pretest procedure (Brislin, 1970; Cha et al., 2007). Results of
the pilot study supported reliability and factorial validity of the
respective scales.

In this study, the baseline values of the CReActivity project
(Demetriou and Bachner, 2019) were used. Data assessments

started 5 weeks after the beginning of the school year. When
answering the items, students were asked to think about the
time period between the beginning of the school year and
the assessment day.

BPN Support in PE

The 9-item Adolescent Psychological Need Support in Exercise
Questionnaire (APNSEQ) was used to measure the support
for BPN during PE (Emm-Collison et al., 2016). Participants
responded on a 5-point Likert-type scale ranging from 1
(“Strongly disagree”) to 5 (“Strongly agree”). The original items
measure support from family, friends, and the PE teacher
separately. In a sample comprising adolescents aged 11-15 years,
a 3-factor solution of the PE teacher version was supported along
with acceptable internal consistencies of the subscales autonomy,
competence and relatedness support (Emm-Collison et al., 2016).
In the present study, internal consistency of the three subscales
was between 0.75 and 0.78.

BPN Satisfaction in PE and Leisure-Time

The twelve satisfaction items of the Basic Psychological Need
Satisfaction and Frustration Scale (BPNSFS) by Chen et al.
(2015) were adapted to measure PA-related satisfaction of BPN
in the contexts of PE and leisure-time, respectively. The students
had to answer on a 5-point Likert-type scale ranging from 1
(“Strongly disagree”) to 5 (“Strongly agree”). Together with the
respective frustration items, a 6-factor model fit the data well in
a multinational sample (mean age = 20). Internal consistency of
the BPN satisfaction subscales ranged from 0.65 to 0.88 (Chen
et al., 2015). Since the items had originally been validated in a
sample of mostly young adults, the items were largely simplified
in this study. Internal consistency coefficients were between 0.78
and 0.85 (Sturm et al., 2020).

Motivation

To assess the quality and quantity of the sixth-graders’ motivation
and the respective regulatory styles, the Behavioral Regulation
of Exercise Questionnaire 2 (BREQ-2) was used (Markland and
Tobin, 2004). The questionnaire comprises 19 items from five
subscales, each rated on a 5-point Likert-type scale. The subscale
for integrated regulation was not included in the BREQ-2 since it
could not be empirically distinguished from identified regulation.
In an adult validation sample, a confirmatory factor analysis
supported a 5-factor solution with Cronbach’s Alpha being at
least 0.73 for the respective scales (Markland and Tobin, 2004). In
the present sixth-grade sample, internal consistency lay between
0.65 and 0.82. The subscales exhibited a simplex pattern, meaning
that neighboring scales of the self-determination continuum had
a higher positive correlation and scales further apart showed
stronger negative correlations.

Self-Efficacy

The 8-item physical activity self-efficacy scale by Dishman
et al. (2010) was used to assess the girls’ self-efficacy regarding
PA. The participants responded to a 5-point Likert-type scale
ranging from 1 (“Strongly disagree”) to 5 (“Strongly agree”).
Originally validated in samples of sixth- and eighth-grade girls,
confirmatory factor analyses found good fits for a unidimensional
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model. Cronbach’s Alpha in the different samples was 0.81 and
0.83, respectively (Dishman et al,, 2010). In the present study,
Cronbach’s alpha was 0.84 (Bachner et al., 2020).

Social Support

The social support scale assessed friend and family support for PA
(Dishman et al., 2010). The students had to indicate how often
per week they were supported in being physically active by the
respective social agents. They could choose from “never;” “once,”
“sometimes,” “almost every day,” and “every day.” Using the
same samples as for validating the physical activity self-efficacy
scale, a 2-factor solution was supported. Cronbach’s Alpha of
the two subscales ranged between 0.75 and 0.86 in the different
samples (Dishman et al,, 2010). In the sample used in this
study, internal consistency was 0.74 for friend support and 0.73
for family support.

Physical Activity

Leisure-time MVPA was assessed by means of accelerometers
(ActiGraph GT3X - wGT3X-BT). Participants had to wear the
devices on the right hip for seven consecutive days except during
water-based activities. Sampling rate was set to 30 Hz. On
weekdays, participants had to put them on at the latest when they
started their way to school. They had to wear the accelerometers
until 9 pm unless they went to bed earlier. On weekend days,
students had to put the devices on as soon as they got up until
9 pm or until they went to bed.

After collecting the accelerometers, the PA data were
downloaded. An epoch length of 1 s was used to sum up the raw
vector magnitude counts (10-second epochs were used for GT3X
models because of their lower memory and battery capacities).
It was refrained from using the low frequency extension filter.
The algorithm by Choi et al. (2011) was used for wear-time
validation. PA data was regarded as valid if a participant had
worn the accelerometer for at least 8 h on at least three weekdays
and one weekend day. For participants with a positive wear-
time validation, the PA data was analyzed with the cut points by
Hinggi et al. (2013) to finally estimate the average duration of
MVPA per day for each participant. Cut point for MVPA was
more than 3360 vector magnitude counts per minute. Hinggi
et al. (2013) cut points were selected because they provide
an assessment with a high resolution and because they were
validated with the same data sampling and processing criteria as
the ones chosen for this study (Migueles et al., 2017).

Procedure

Several weeks before the data assessments started, students and
their parents received information letters regarding the purpose
and the procedure of the upcoming assessments. Students only
participated if they had provided a written consent form signed
by them and their parents.

The data assessments were conducted at the beginning
of PE classes. The students used codes to guarantee the
anonymity of their data. Before the accelerometers were
distributed, the students were explained how to put on
the accelerometers by themselves. Additionally, the students
received an information sheet summarizing the important details

concerning the accelerometer use. After all students had put on
the accelerometers correctly, they filled out the questionnaire.
The actual PE class started as soon as every student had
completed the questionnaire. On average, the students took about
20 min to complete the questionnaire.

Data Analysis
Self-Organizing Maps Analysis

The following input variables were included in the SOM analysis:

BPN support in PE (three variables),

BPN satisfaction in PE (three variables),

BPN satisfaction in leisure-time (three variables),
Amotivation, external regulation, introjected regulation,
identified regulation, intrinsic regulation,

o Self-efficacy,

e Social support from friends and family (two variables).

The analysis was conducted with the MATLAB R2018a
programme (Mathworks Inc., Natick, MA, United States) and
the SOM toolbox (version 2.0 beta) for MATLAB (Vesanto et al.,
1999). Questionnaire variables exhibited less than 4% of missing
values. The non-significant Little’s (1988) test indicated that they
were missing completely at random (x? = 8,529.19, df = 8634,
p = 0.787). Missing values were replaced by applying the 5NN
imputation method based on the Euclidean distance to the five
nearest neighbors of the respective case (Hastie et al., 2001;
Troyanskaya et al., 2001).

The SOM analysis classifies the participants and creates typical
profiles based on the participants’ similarities regarding their
values on the input variables. The SOM procedure comprises
three steps (Pellicer-Chenoll et al., 2015): (1) the construction of
the neuron network, consisting of 16 x 7 neurons in this study
(height x width), (2) the initialization of the SOM, when each
neuron is assigned a value or weight for each input variable by two
different ways (i.e., randomized and linear initialization), and (3)
the training, when the initial values or weights of the neurons are
further modified, which is led by two different training algorithms
(i.e., sequential and batch) (Oliver Gasch et al., 2016).

The training is an iterative process and the neuronal weights
are modified in each iteration in order to find the best solution.
This process depends on several factors. Every participant is
represented by an input vector. As soon as an input vector is
introduced to the neuron network, the neurons try to attract the
input vector. A neuron succeeds when it adapts its weight vector
until it exhibits the smallest Euclidean distance between its own
weight vector and the input vector it tries to gather. Accordingly,
every neuron finally has a weight vector most similar to the input
vectors it has gathered (Estevan et al., 2019). To what extent a
neuron is able to adapt, is again determined by two aspects: (a) the
learning ratio, which starts with a high value and decreases during
the training process, and (b) the neighborhood function affecting
the adaptation magnitude of the winning neuron and the other
neurons. More precisely, the winning neuron and its closest
neighbors adapt better to a given input vector than the neurons
further away in the neuron network. The adaptation is repeated
until the training process ends (Pellicer-Chenoll et al., 2015).
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Taking into consideration that the final analysis is based
on a random procedure (e.g., initialization and entry order of
the input vector), the process described above was conducted
repeatedly with the number of iterations fixed to 100. In the
end, 1600 SOMs were created as two initialization methods, two
training algorithms and four different neighborhood functions
were computed (i.e., 100 x 2 x 2 x 4). After the quantization
and topographical errors had been multiplied, the map with
the minimum error was finally chosen (Estevan et al, 2019;
Molina-Garcia et al., 2019).

In order to convert the results illustrated by the respective
component planes into a more ostensive solution, the neurons
were classified into superordinate clusters according to the values
on the input variables with help of a k-means method. The
number of clusters was restricted to range between 2 and 10 in
order to avoid a high number of profiles making the solution
difficult to interpret. The final number of clusters depends on
the quantization error and the number of participants per cluster.
The quantization error describes the average Euclidean difference
between the input vectors and the cluster vectors they are
allocated to Kohonen et al. (2009). While the quantization error
should be low, the clusters should contain a relevant number
of participants to truly represent common profiles. By means of
these clusters, typical profiles of the sixth-graders with regard to
the input variables were described.

Finally, differences between the clusters regarding the
respective SOM input variables, BMI, SES, and MVPA were tested
by means of univariate ANOVAs (significance level = 0.05) with
Bonferroni corrected post hoc tests.

RESULTS

Figure 1 shows the results of the SOM analysis and how
they were derived.

According to the values on the input variables, each
participant is placed in a neuron (illustrated as hexagons).
Thus, participants who are located in the same neuron exhibit
similar values on the input variables. For each input variable a
component plane was created (Figure 1A). A given participant
is located in the same neuron in each component plane. This
illustrates which characteristics regarding the input variables are
typically shared by particular groups of the sample.

Making the shared characteristics more visible, SOM and
k-means analyses indicated that with three clusters, an optimal
combination of a low quantization error (Figure 1B) and
a considerable number of participants per cluster (>135;
Figure 1C) was found. Therefore, the neurons were classified into
three superordinate clusters (Figure 1D).

The descriptive statistics regarding the SOM input variables
and MVPA as well as the pairwise comparisons between the three
clusters are given in Table 1.

ANOVAs showed a significant effect of cluster membership
on every SOM input variable. Cluster affiliation explained on
average 28.4% of the variance in the respective input variables.
Cluster 3 represents the positive cluster, as on every BPN support
and satisfaction variable as well as on identified and intrinsic

regulation, self-efficacy and the two social support variables,
students of Cluster 3 exhibited significantly higher values than
clusters 1 and 2. Cluster 1, the so-called negative cluster, mainly
contained the participants from opposite sides of the sample
distribution showing significantly lower values than clusters 2
and 3 in these input variables. Consequently, Cluster 2 constitutes
the medium cluster. The negative cluster had on average higher
values on amotivation than the medium and positive clusters.
The positive cluster comprised both the participants with the
lowest and the participants with the highest external regulation.
On average, their external regulation was significantly higher than
in the medium cluster and lower than in the negative cluster.
The participants with the highest values on introjected regulation
were allocated to the positive cluster, whose mean value was
significantly higher than the one of the medium cluster.

The clusters’ mean MVPA differed significantly (F 47, = 7.46,
p=0.001,71% = 0.03). With 91.40 min MVPA per day, the positive
cluster had significantly higher mean values than the negative
cluster (81.58 min) and the medium cluster (85.11 min).

ANOVAs showed no effect of cluster affiliation on SES, but a
significant effect on BMI (F; 358 = 9.66, p < 0.001, n? = 0.05)
with the participants in the positive cluster having the lowest and
the ones in the negative cluster the highest mean BMI.

DISCUSSION

Based on the assumption that PA-related psychosocial variables
do not develop independently from one another within a given
person, it was examined which profiles regarding these variables
can be observed in female sixth-graders and whether these
profiles are in line with the underlying theories (Bergman and
Lundh, 2015; Demetriou and Bachner, 2019). By means of a SOM
analysis, self-consistent profiles contributing to the explanation
of MVPA were differentiated and it is shown that strengthening
these resources in female sixth-graders can lead the way to
healthy PA behavior.

Referring to research questions 1 and 2, the characteristics
of the superordinate clusters are described and their accordance
with theoretical assumptions is discussed. With regard to
participants in cluster 3, called the positive cluster, it becomes
clear that the students who felt most supported in their BPN
during PE were also the ones who felt most satisfied in their BPN
during PE and LT. This finding is in line with existing literature
(Standage et al., 2012; Wang, 2017; Kalajas-Tilga et al., 2019).
In line with SDT assumptions (Ryan and Deci, 2000), the PA
behavior of these girls was mainly self-determined as they had
the highest values on identified and intrinsic regulation (McDavid
et al,, 2014; Wang, 2017; Kalajas-Tilga et al., 2019). Additionally,
the students in the positive cluster exhibited the highest values
on self-efficacy and benefited from the highest social support by
friends and families, which corresponds to the assumptions of the
social-cognitive theory (Bandura, 1997).

A coherent picture evolves when participants of cluster 1,
the negative cluster, are added. Since the study sample generally
exhibited a healthy MVPA level and had medium to large
resources regarding the psychosocial variables, the values of the
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negative cluster are not worrying when seen from an absolute
perspective. However, in relation to the medium and the positive
cluster, clear differences emerged. Compared to the rest of the
sample, students in the negative cluster reported a relatively
low BPN support and BPN satisfaction in PE and LT (Standage
et al,, 2012; Wang, 2017; Kalajas-Tilga et al., 2019). The girls in
the negative cluster showed on average the highest amotivation
and their PA behavior was provoked by external regulation to a
substantial extent. This finding is again in agreement with the
assumptions of SDT (Ryan and Deci, 2000; McDavid et al., 2014;
Wang, 2017; Kalajas-Tilga et al., 2019). Furthermore, self-efficacy
of this cluster was relatively low and the students received less
social support than the rest of the sample, which is again in line
with the SCT (Bandura, 1997).

With the exception of external and introjected regulation,
the mean values of cluster 2, the medium cluster, were located
between the ones of the positive and the negative cluster on every
variable. Thereby, the medium cluster completes the generally
self-consistent picture, which was revealed by the unsupervised
SOM algorithm. Within the participants, the constructs assessed
in the CReActivity project (Demetriou and Bachner, 2019)
relate to each other in a coherent way, which ultimately
leads to a self-consistent superordinate three-cluster solution
describing typical profiles of PA-related psychosocial constructs.
This indicates that the different psychosocial resources do not
develop independently from one another within a given person,
which finally supports the use of a person-oriented approach (e.g.,
Teixeira et al., 2012; Bergman and Lundh, 2015).
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The three clusters differed significantly in their average BMI
values, with the positive cluster comprising the students with
the lowest mean BMI and the negative cluster comprising
the ones with the highest mean BMI. More importantly, with
reference to research question 3, the students of the positive
cluster exhibited a significantly higher MVPA level than the other
clusters. A student of the positive cluster exhibits on average
around 45 min more MVPA per week than a student of the
medium cluster. The mean difference between the positive and
negative clusters amounts to almost 70 min per week, which
equals one additional day of healthy MVPA behavior each week
(World Health Organization [WHO], 2018). Since MVPA was in
general on a relatively high level in this sample, the magnitude
of the differences between the clusters should be regarded as
even more meaningful. Thus, as hypothesized, a self-consistent
superordinate cluster solution contributed to the explanation of
the students’ MVPA. Thereby, the power of the assessed variables
as determinants of PA behavior in children and adolescents is
supported and the significance of the SDT for the explanation
of PA is underlined (Bauman et al., 2012; Owen et al., 2014;
Laird et al., 2016; Wang, 2017; Kalajas-Tilga et al., 2019). This
is also in line with recent studies relating profiles of PA-related
behavioral regulations with actual PA behavior in adult samples
(Lindwall et al., 2017; Emm-Collison et al., 2020). Since MVPA
is considered the most important criterion variable here, this
result, together with the respective BMI values, further suggests a
good criterion validity of the superordinate three-cluster solution
(Sarstedt and Mooi, 2019). Equally important, this finding argues

for the input variables as promising mediators in a subsequent
intervention to promote the MVPA of female sixth-graders
(Demetriou and Bachner, 2019).

Thus far, the self-consistent superordinate cluster solution
might suggest a strong general factor regarding PA-related
psychosocial resources as in most cases the ranking of a
given participant was on a highly comparable level across the
different psychosocial determinants. However, a main strength
of the person-oriented approach (Bergman and Lundh, 2015)
in general and the SOM analysis (Kohonen, 1995) in particular
becomes clear when looking at the clusters’ values on external
regulation. Both the negative and positive cluster included
participants with relatively high values on external regulation.
By means of the SOM analysis, a non-linear relationship and
a dual role of external regulation appeared when looking at
the respective MVPA levels. On the one hand, relatively high
values in external regulation can constitute the complementary
counterpart of a deficit in intrinsic regulation, as can be seen
in the negative cluster, which exhibited the lowest MVPA level
(Ryan and Deci, 2000). A subgroup of students (n = 40) within
the superordinate positive cluster, on the other hand, do not
meet this conception, as they were both intrinsically motivated
(intrinsic regulation >4.5) and reported a considerable level
of external regulation (>2.25). In fact, these girls engaged in
95.53 min of MVPA per day, which is higher than the average
value of the positive cluster. More than that, they had even
higher MVPA values than the students with extremely high
values in intrinsic regulation (>4.7) and extremely low values in

TABLE 1 | Means, standard deviations, and pairwise comparisons regarding SOM input variables and MVPA.

Autonomy Competence Relatedness Autonomy Competence Relatedness Autonomy Competence Relatedness
Support Support Support Satisfaction Satisfaction Satisfaction Satisfaction Satisfaction Satisfaction
PE PE PE LT LT LT

Cluster 1 2.83 3.10 3.07 2.62 2.84 3.53 3.81 2.96 2.68
(n=135) (0.84) (0.78) (0.76) (0.69) (0.69) 0.79) (0.79) (0.70) 0.83)
Cluster 2 3.36 3.72 3.67 3.16 3.64 3.98 4.57 3.83 3.46

(n = 199) (0.80) (0.83) (0.82) (0.76) (0.63) (0.78) (0.49) (0.64) (0.93)
Cluster 3 4.01 4.32 4.16 3.87 4.33 4.51 4.77 4.39 4.00
(n=141) (0.69) (0.60) (0.60) (0.63) (0.54) (0.51) (0.38) (0.58) (0.84)
Total 3.40 3.72 3.65 3.22 3.62 4.01 4.41 3.75 3.40

(N = 475) (0.90) (0.88) (0.87) (0.85) (0.84) (0.80) (0.68) (0.84) (1.01)

Amotivation External Introjected Identified Intrinsic Self-efficacy Social Social MVPA in
Regulation Regulation Regulation Regulation Support Support min/day
Friends Family

Cluster 1 1.59 1.98 2.08 3.04 3.44 2.83 1.92 2.1 81.58

(n = 140) (0.64) 0.87) (0.90)3-1-s: (0.75) (0.84) (0.64) (0.73) (0.70) (20.32)2ns-
Cluster 2 1.19 1.38 1.78 3.66 4.43 3.62 2.51 2.72 85.11
(n=174) (0.38)%s: (0.49) (0.68) (0.72) (0.55) 0.63) (0.80) (0.75) (21.17)1ns-
Cluster 3 1.16 1.67 2.24 4.23 4.74 4.29 3.18 3.56 91.40

(n = 163) (0.42)2ns. (0.85) (1.14)1ns (0.68) (0.45) (0.49) (0.84) (0.81) (22.99)
Total 1.30 1.64 2.00 3.65 4.24 3.60 2.54 2.80 85.97
(N = 475) (0.51) 0.77) (0.92) (0.85) (0.81) (0.82) (0.93) (0.94) (21.79)

PE, physical education; LT, leisure-time; MVPA, moderate to vigorous physical activity; n.s., not significant.
Data are expressed as means (standard deviations of the means); each pairwise comparison between the clusters was significant (p < 0.01) except those marked with
superscript numbers indicating non-significant differences to the specified cluster (Bonferroni corrected).
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external regulation (<1.2), who averaged 89.35 min of MVPA
per day (n = 97). This is similar to the results of a study
using self-report measures in a sample of young adolescents,
which reported that students with the highest PA levels were
the ones who showed high levels of intrinsic regulation and
moderate-to-high levels of extrinsic regulation. This supports
the assumption that in these cases, external regulation does
not harm intrinsic regulation but might even complementarily
add to it, which can be beneficial with regard to PA behavior
(Harackiewicz, 1979; Ingledew and Markland, 2008). Thus, in
these cases, the nature of the external motivation seems to be
compatible with the autonomous motivation (Ryan and Deci,
2000; Kilpatrick et al,, 2005). Only if the nature of external
events comply with personal values and preferences, an originally
external motivation can be introjected and finally transformed
into more autonomous forms of regulation (Teixeira et al,
2012). This requirement can be met when external events or
rewards are conducive to the BPN (Vansteenkiste et al., 2010).
An example would be positive feedback, which is deemed to
support competence. The fact that students in the subgroup
with high levels in intrinsic regulation and moderate levels in
external regulation are the only ones with moderate-to-high
values in introjected regulation, indicates that these requirements
were sufficiently met in these students. Additionally, this shows
that MVPA of some adolescents can be regulated by external,
introjected and autonomous forces at the same time, which is
in line with the findings of other studies that examined groups
of adults and older adolescents, respectively (Lindwall et al.,
2017; Bechter et al., 2018). Furthermore, this result suggests that
prevention or intervention programs should not only focus on
supporting autonomous motivation, because the promotion of
external motivation does not necessarily undermine the existing
autonomous motivation, but can support or add to it (e.g,
Ingledew and Markland, 2008). Moreover, this indicates the need
and the potential of tailored interventions designed to promote
PA of distinct subgroups with specific baseline characteristics and
conditions (Hagger, 2010; Bock et al., 2014; Gut et al., 2020).
For example, MVPA of the subgroup with the highest values in
intrinsic regulation and the lowest values in external regulation
might be enhanced in an intervention using the potential of
external incentives that are compatible with their existing self-
determined motivation (Ryan and Deci, 2000; Kilpatrick et al.,
2005; Vansteenkiste et al., 2010).

Using a variable-based approach with analyses conducted
on an aggregated group level (Bergman and Lundh, 2015), the
findings on subgroups with different characteristics regarding
external regulation would not have appeared. Instead, the
magnitude of the correlation between external regulation and
MVPA would have decreased. In the person-oriented SOM
analysis, however, one benefits from obtaining results both
in numerical form and results that are presented graphically
(Figure 1A). This way, after the reduction of the data
into an ostensive superordinate cluster solution, the visual
presentation of the results makes it possible to quickly identify
potential subgroups within the clusters that might require
specific attention. The advantage of the visual presentation of
SOM results is not given in other clustering techniques like

k-means. Together with the advantages outlined above, these
points underline the suitability of SOM for accurately reducing
data complexity without the risk of overlooking subgroups
with special demands that go beyond the superordinate
cluster solution. Thus, the SOM analysis proves valuable
in explaining PA behavior, as it is able to go beyond the
examination of associations between variables. Rather, it enables
the differentiation between distinct groups of people whose
respective demands and deficits can then be answered more
specifically by developing tailored interventions (Lindwall et al.,
2017; Emm-Collison et al., 2020; Gut et al., 2020).

However, some limitations of this study need to be addressed.
On the one hand, the main goal of a cluster analysis is to reduce
the complexity of the given information transforming it into
an applicable solution (Hofstetter et al., 2014). On the other
hand, reducing the information usually leads to a decreased
precision (Steinley, 2006). The ultimate task is to allocate the
participants precisely, without increasing the number of clusters
to an extent that ultimately counteracts the original purpose of a
cluster analysis. The low quantization error of the superordinate
three-cluster solution found here indicates a good trade-off,
which is further underlined by the fact that the error would not
have been substantially lower with a higher number of clusters.
However, since the superordinate three-cluster solution is based
on a combination of all 17 input variables, it does not differentiate
equally well for each input variable between participants with
relatively high, medium and low values. This can be seen in
the medium cluster, which showed a less homogeneous profile.
Some students, for example, reported a high competence support
in PE, but actually perceived themselves as less competent than
other students reporting the same level of competence support.
Although this might motivate further research into what might
interfere with the path from competence support to competence
satisfaction among these students, this can be seen as a minor
deficit in selectivity for the benefit of a parsimonious and
applicable cluster solution.

In addition, according to the Health Action Process Approach
(HAPA; Schwarzer, 2008), the process of adopting a healthy
behavior comprises both motivational components resulting in
an intention, and volitional processes that finally lead to the
actual behavior. The psychosocial determinants used to explain
PA behavior in this study solely focused on constructs of the
motivational spectrum. Volitional constructs could help to bridge
this intention-behavior gap to some extent as they are more
proximal to the actual behavior. By means of a person-oriented
approach in a sample of ninth-grade students (Gut et al., 2020),
levels in motivational and volitional psychosocial constructs were
examined. For most adolescents, motivation and volition were
highly similar. However, there was a small group with high
self-determined motivation and strong intention but low values
in action planning whose exercise and sport activity level was
clearly lower compared to the participants with a high motivation
and high volition profile. This suggests that the explanation of
PA behavior could have been greater by including volitional
constructs as well.

Furthermore, the findings should be verified in a more
diverse sample with regard to gender and age. In addition, it
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would be interesting to replicate the analysis in a sample with
lower MVPA levels.

CONCLUSION

Based on the theoretical framework of the YPAPM, the SOM
analysis revealed three superordinate clusters of female sixth-
graders with relatively high, medium and low psychosocial
resources regarding PA. The three-cluster solution represents
a self-consistent picture in accordance with the theoretical
assumptions and contributes to the explanation of MVPA. The
results support the use of a person-oriented approach, as the SOM
analysis could show that the different psychosocial resources do
not develop independently of one another within a given person
(e.g., Teixeira et al., 2012; Bergman and Lundh, 2015). In addition
to the superordinate cluster solution, the analysis enabled the
detection of a specific subgroup, which provided insights into
the coexistence and interaction of behavioral regulations in
PA. The psychosocial variables assessed in the CReActivity
project are deemed promising mediators in promoting MVPA
in this sample. Finally, the SOM analysis proved to be
a valuable tool for differentiating between distinct profiles
regarding PA-related psychosocial resources and for identifying
specific subgroups with special characteristics, which would have
remained undiscovered using variable-based approaches.
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Summary:

As an example for an in-depth validation of a psychometric scale, the physical activity self-
efficacy scale was translated, adapted and thoroughly validated using a multi-level
approach. Data of 454 female sixth graders nested in 33 classes were included in data
analysis. In contrast to the original validation study, the assumed unidimensional structure
of the 8-item scale was not supported. Instead, two highly associated but distinct latent
factors, representing PA self-efficacy and social support from family and friends, were
differentiated. The two factors could be differentiated both on the individual and the class
level. A multi-level 1x1-model including only the six items specifically measuring self-
efficacy exhibited the best model fit. Reliability of the instrument was supported since
internal consistencies of the complete scale and the abridged 6-item scale were good on
the individual level and excellent on the class level. The two social support items exhibited
low internal consistency on the individual level and excellent consistency on the class level.
Criterion validity of the complete scale and the two subscales was supported by weak
correlations with MVPA on the individual level and strong associations on the class level. In
view of these findings, application of the multi-level approach was considered appropriate
as it enabled the differentiation between self-efficacy on the individual and class level.
Furthermore, estimating reliability and criterion validity separately for both levels allowed for
more specific conclusions about the occurrence and effects of self-efficacy on the class

level.
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Abstract

Background: The majority of children and adolescents are insufficiently physically active. Self-efficacy is considered
one of the most important determinants of physical activity (PA). The purpose of this study was to validate the
German version of the physical activity self-efficacy scale by means of a multi-level approach. Factorial validity,
internal consistency and criterion validity were examined for the individual and the class level.

Methods: The final sample comprised 454 female sixth-graders of 33 classes. To examine the factorial validity of the
translated 8-item scale, a multi-level confirmatory factor analysis was conducted with the lavaan package in R.
Internal consistency was estimated with the alpha function of the psych package. Criterion validity was examined
by correlating self-efficacy with moderate-to-vigorous physical activity (MVPA) assessed with accelerometers.

Results: In contrast to previous validation studies, a unidimensional structure of the scale was not supported.
Instead, two highly correlated (Tingividual = -87; faass = -69) but distinct latent factors, representing PA self-efficacy and
social support from family and friends, were differentiated on both the individual and class level. The best overall fit
exhibited a multi-level 1 x 1-model, including only the six items measuring PA self-efficacy (x2 =32.10, CFl = .986,
TLI=.976, RMSEA = 059, SRMR = .035). Internal consistencies for the complete 8-item scale and the 6-item scale
were good on the individual level and excellent on the class level. For the two items measuring social support,
Cronbach'’s alpha was low on the individual and excellent on the class level. Weak relations between self-efficacy
and MVPA were found for the individual level, strong associations were found for the class level.

Conclusions: The validation speaks for the use of the abridged 6-item scale, which allows for a unidimensional
assessment of PA self-efficacy. Generally, the results support the relevance of a multi-level approach, which not only
differentiates between self-efficacy on the individual level and on the class level but also between the respective
implications regarding reliability and criterion validity on both levels. Thereby, this study offers a rigorously validated
scale and further illustrates possible consequences of the usual neglect of group-level variance in scale validation.
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* Correspondence: joachim.bachner@tum.de

'Department of Sport and Health Sciences, Technical University of Munich,
Georg-Brauchle-Ring 62, 80992 Munich, Germany

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-020-09096-4&domain=pdf
http://orcid.org/0000-0002-8942-3055
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:joachim.bachner@tum.de

Bachner et al. BMC Public Health (2020) 20:979

Background

Regular physical activity (PA) contributes to the preven-
tion of chronic diseases, such as diabetes mellitus, cancer
or cardiovascular diseases, and lowers the risk of prema-
ture death [1-4]. The World Health Organization
(WHO) recommends children and youths aged 5 to 17
years to accumulate at least 60 min of moderate-to-
vigorous physical activity (MVPA) per day, with MVPA
comprising any type of activity that requires at least as
much energy as is spent during ordinary walking [5].
There are two reasons why it is important for children
and adolescents fulfil the PA recommendation. One would
be the positive short- and middle-term effects on their
health and well-being [1, 6-8]. Another reason would be a
tracking effect that describes the role of adolescents’ PA as
a significant predictor of PA in adulthood: The more ac-
tive a person is in adolescence, the higher the probability
of an active lifestyle in adulthood [7, 9].

According to a questionnaire-based study, only 26% of
children and adolescents in Germany aged between 3 and
17 years reach the daily 60 min of MVPA. Furthermore,
less girls than boys (22.4% vs. 29%) fulfil this recommen-
dation [10]. In addition, PA levels in this population de-
cline with increasing age [10, 11]. A systematic review of
Van Hecke et al. [12] supports the effects of gender and
age on PA. Although not even the most popular device-
based approaches like accelerometry offer perfectly reli-
able PA data [12-14], a vast majority of studies indicates
that PA in adolescence does not comply with the respect-
ive recommendation [15, 16]. Moreover, the WHO rec-
ommendation is merely regarded as a minimum value.
Higher MVPA levels are associated with additional health
benefits [17]. Therefore, in any case it is worthwhile to
promote PA from an early age.

At this point, the question arises which determinants
should be focused on to increase youth’s PA. Ecological
models suggest that PA is affected by several interacting
levels of influence ranging from policy variables, such as
investments in public recreation facilities, to intraper-
sonal variables, including psychological constructs [18].
Among these psychological constructs, self-efficacy con-
cerning PA is of great importance. In a review of reviews
by Bauman and colleagues [19], self-efficacy was the only
psychological factor consistently identified as a positive
correlate and determinant of PA in children and adoles-
cents. This finding was confirmed by an umbrella sys-
tematic review specifically focussing on psychological
constructs [20]. Yet another systematic review [21] fo-
cused on the PA-related age effect and indicated that
self-efficacy was one of very few constructs able to re-
duce the decline in PA between the age of ten and 18
years. Furthermore, two systematic reviews [22, 23] ana-
lysing intervention studies identified PA self-efficacy as
the most promising mediator to increase PA.
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Due to its high relevance, self-efficacy has been exten-
sively examined in the field of PA. Over time, however, the
definitions and the respective measures of youth PA self-
efficacy have become more and more heterogeneous.
Therefore, Voskuil and Robbins [24] conducted a concept
analysis regarding the defining attributes, antecedents and
consequences of the different conceptualisations. Eventu-
ally, they defined youth PA self-efficacy “as a youth’s belief
in his/her capability to participate in PA and to choose PA
despite existing barriers” [24]. The conceptualization of
self-efficacy regarding PA by Dishman and colleagues [25,
26] considers the two main points of this definition by ad-
dressing both the self-perceived confidence in the capability
to be physically active as well as the recognition of barriers
to PA [24].

To date, no instruments exist which are specifically
constructed and appropriately validated to examine PA
self-efficacy of early adolescents in secondary school in
Germany. Questionnaires specifically designed for early
adolescents are needed, especially regarding the wording
of items. Twelve-year-olds produce a response quality
worse than that of youths aged fourteen [27]. Scott [28]
even argues that adolescents cannot answer properly to
adult items before the age of sixteen. Furthermore, thor-
ough validations of instruments assessing PA self-
efficacy are generally scarce [29] and specific PA-related
risk groups are even more rarely used in the validation
of these scales [10, 12, 30].

Therefore, the purpose of this study was to validate a
German version of the physical activity self-efficacy scale
[26] using a sample of female sixth-graders. Because of
the clustered nature of the data (students in classes), the
validation was conducted in accordance with the multi-
level approach described by Huang [31]. When dealing
with individuals nested in groups, the use of multi-level
modelling is strongly recommended [32, 33] as the as-
sumption that individual perceptions are independent of
one another cannot be maintained [34]. A violation of
this assumption can lead to biased parameter estimates,
false inferences regarding the psychometric properties
and finally wrong conclusions about the reliability and
validity of a scale [35, 36]. Therefore, factor structure
and scale dimensionality were analysed by means of a
multi-level confirmatory factor analysis (MCFA). In-
ternal consistency was also estimated for both the indi-
vidual and group level, respectively. Furthermore,
criterion validity was tested by examining the relation of
PA self-efficacy and actual PA on both levels.

Methods

Participants

The sample included 507 female sixth-graders recruited
from 33 single-gender physical education (PE) classes of
fifteen secondary schools in Munich. The participants



Bachner et al. BMC Public Health (2020) 20:979

were part of the CReActivity project, a randomized con-
trolled trial aiming to promote PA of female sixth
graders [37]. Mean age was 11.61 years (SD=.55, N=
430). The girls were on average of normal weight (mean
BMI =19.49, SD =3.68, N =386). The number of BMI
values was diminished as parts of the sample refused to
be weighed. Refusal was shown by both apparently over-
weight and normal weight girls. The sample comprised
participants from households of low, medium and high
socioeconomic status (SES; mean =49.80, SD =15.96,
N =412). SES was assessed by asking the adolescents to
name and describe their parents’ current jobs. The an-
swers were classified referring to the International Socio-
economic Index of occupational status (ISEI), which is
based on the International Standard Classification of Oc-
cupation 2008 (ISCO-08) [38]. When the jobs of both
parents could be classified, the job with the higher ISEI
was considered (HISEI). Vague answers making a defin-
ite classification impossible, reduced the number of
HISEI values.

The study was approved by the ethics commission of
the Technical University of Munich (155/16S) and the
Ministry of culture and education of the state of Bavaria
in Germany.

Measures

Self-efficacy

The physical activity self-efficacy scale was used to assess
the girls’ perceived self-efficacy to be physically active
[26]. The scale contains eight items. The original items
were validated in samples of sixth- and eighth-grade
girls. Confirmatory factor analyses supported a unidi-
mensional model [25, 26, 39]. Participants responded on
a five point Likert-type scale ranging from 1 (“Disagree a
lot”) to 5 (“Agree a lot”). The scale validated here was
translated into German by means of a combined transla-
tion technique including the committee approach and
the pretest procedure [40, 41]. The committee com-
prised four bilingual experts that translated the original
scale into German. The main advantage of the commit-
tee approach lies in the possibility of correcting each
other quickly and directly in the case of a mistake. Since
it was necessary to not only translate the items but to
adapt them in order to prevent the participants from
misunderstanding the meaning of the items and thus
guarantee content equivalence between the original and
translated scale, the committee approach was deemed
more useful than the classic back-translation technique.
The pretest procedure implies a pilot study, which al-
lows the identification of potential problems before start
of the main study. A sample of 161 sixth graders (Ng.
male = 71, Niale = 90) attending the same type of school
was used for pilot testing to eventually be able to pro-
vide a final version that every student can understand.
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Physical activity

To assess leisure time MVPA, participants wore acceler-
ometers (ActiGraph GT3X - wGT3X-BT) for seven con-
secutive days except during water-based activities. The
device was placed on the right hip. Sampling rate was
set to 30 Hz. Participants had to wear the device on
weekdays starting at the latest on their way to school
until 9 pm or until they went to bed. On weekend days,
the students had to put it on as soon as they woke up
until 9 pm or until they went to bed.

Procedures

Several weeks before the beginning of the data assess-
ments, students and their parents were informed in writ-
ing about the purpose and the procedure of the
assessment. Students did not participate unless they had
provided a written consent form before.

Data assessments took place at the beginning of a
physical education lesson. Codes were used to ensure
the anonymity of the participants. Before handing out
the accelerometers, the assessment team explained how
to put them on. At least 25% of the students of each
class received an information sheet on how to handle
the accelerometers enabling them to serve as contact
persons for their classmates. After the students had put
on the accelerometers correctly, they filled out the ques-
tionnaire. The actual PE lesson did not start until the
last student had completed the questionnaire.

Data analysis

Multi-level validation of the physical activity self-efficacy
scale

As the sample examined in this study provides clustered
data, the validation is based on the multi-level approach
by Huang [31]. Ignoring the clustered nature of the data
can lead to wrong parameter estimates, standard errors
and model fits. It is recommended to account for multi-
level data even if intracluster correlations (ICC) of the
single manifest variables are small (e.g., ICC =0.01) [35,
42]. In nested data, factor structures might not be the
same for each level [31]. MCFA provides the opportun-
ity to examine individual- and group-level data simultan-
eously. To this end, the total population covariance
matrix is divided into a pooled within-group covariance
matrix and a between-group covariance matrix. Thereby,
both within- and between-group effects can be estimated
at the same time. Huang [31] offers an R syntax to be
used with the lavaan package [43] and a function for
generating the required matrices based on the five
MCEA steps outlined by Hox (44, Chapter 14).

In step 1, a single-level factor analysis is performed
using only the pooled within-group covariance matrix.
In step 2, the null model, which assumes the factor
structure of step 1 for both levels, is fitted. In this step,
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both the pooled within- and between-group covariance
matrices are used as input. Equality constraints for the
two levels are applied, meaning that factor loadings, vari-
ances and covariances for every manifest variable and la-
tent factor are assumed to be the same for the two
levels. In step 3, new group-level latent variables are in-
troduced to estimate the variance attributed to the
groups. This step is referred to as the independence
model since the newly introduced group-level variables
are not allowed to covary. This constraint is eliminated
in step 4, the so-called saturated model. All degrees of
freedom at the between-group level are now used, mak-
ing it a fully saturated model. Finally, in step 5, the
model that is actually hypothesized, is specified. At least
one overall general factor is added for the between-
group level which is defined responsible for the correl-
ation of the latent group-level factors [31]. For every
model, small negative residual variances on the class
level are fixed to zero to allow the model to fully con-
verge. This common practice is particularly required
when the number of units on the group level is small
and ICCs are close to zero [44].

To evaluate model fit, several fit indices were considered
[45]: the x2-likelihood ratio statistic, the comparative fit
index (CFI), the Tucker-Lewis index (TLI), the root mean
square error of approximation (RMSEA) and the stan-
dardized root mean square residual (SRMR). As the x2-
goodness of fit test tends to reject reasonably fitting
models when applied to data of large samples, a variety of
fit indices was used to estimate model fit [45]. Whereas
CFI and TLI values greater than .95 indicate a good model
fit, values less than or equal to .08 suggest a good model
fit when RMSEA and SRMR are considered [45].

Furthermore, as fit tends to improve by including
more variables in the model, parsimony is another cri-
terion taken into account when deciding for a preferred
model. Akaike’s information criterion (AIC) was consid-
ered as it not only compares the fit of different models
but also penalizes an increasing amount of estimated pa-
rameters [46]. The AIC is a relative fit index which is
used for model comparison. Lower AIC values indicate
better model fit. Eventually, the aim is to generate a
model that explains as much variance as possible with as
few variables as necessary. Therefore, the optimal com-
bination of model fit and parsimony is sought [47].

Scale reliability is indicated by Cronbach’s alpha.
Values were calculated for both levels separately by
using the alpha function of the psych package in R [48].
In case of non-positive definite matrices, alpha was cal-
culated for the nearest positive definite matrix [49].

Criterion validity was examined by correlating self-
efficacy values with the participants’ MVPA values. Pear-
son r is indicated for both the pooled within-group cor-
relation and the between-group correlation.
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Model-based correlations were used to estimate poten-
tial relations between latent factors.

Physical activity

During the download of the PA data, the vector magni-
tude counts were summed over 1-s epochs (10-s epochs
for GT3X because of lower memory and battery capaci-
ties). The low frequency extension filter was not used.
Wear-time validation was conducted with the algorithm
by Choi, Liu, Matthews and Buchowski [50]. A partici-
pant’s PA data was considered valid if data of at least
three weekdays and one weekend day were available with
at least eight hours of wear time being required for a
valid day. The wear-time validated PA data was analysed
utilizing the cut points by Hanggi, Phillips and Rowlands
[13] to eventually calculate the average duration of
MVPA per day for each participant. The cut points by
Hanggi et al. [13] were chosen because they provide a
precise assessment and were validated by applying the
same data sampling and processing criteria as the ones
chosen for this study [51].

Results
Of the 507 participants originally included in the sample,
53 had missing values in at least one item of the physical
activity self-efficacy scale. The values were missing com-
pletely at random. Additionally, the substantial sample
size, the moderate interitem correlations and the accept-
able proportion of missing values allowed for an avail-
able item analysis (AIA). Given these circumstances, an
AIA leads to equivalent results compared with a mul-
tiple imputation analysis, which makes it unnecessary to
intervene and replace missing values [52]. The partici-
pants excluded from the analysis did not differ signifi-
cantly from the valid sample regarding BMI, SES, self-
efficacy and MVPA. Finally, 454 sixth-graders built the
final sample.

The descriptive statistics of the eight items of the
physical activity self-efficacy scale are presented in
Table 1. Means of the items ranged from 3.17 (SD =

Table 1 Descriptive statistics for the items of the physical
activity self-efficacy scale (N =454)

[tem # M SD Skewness Kurtosis ICC
1 383 1.06 -0.49 - 065 02
2 336 1.35 -0.30 -1.10 04
3 3.96 1.14 -092 0.03 04
4 3.86 1.10 -0.66 -030 03
5 333 1.30 -0.19 —-1.06 03
6 3.64 1.21 -053 -0.65 =01
7 3.71 1.10 -042 -0.69 -01
8 317 1.30 0.00 -1.11 01

Note. M mean; SD standard deviation; /CC intraclass correlation
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1.30) to 3.96 (SD =1.14). Skewness and kurtosis values
were low to moderate. ICCs were small (< .05).

For the single-level one-factor model, an acceptable fit
was found (model A in Table 2). Compared to model A,
the null model (x2=85.87, CFI=.975 TLI=.975,
RMSEA =.048, SRMR =.047, AIC =10,425.47) fit better
regarding the TLI and RMSEA, but fit worse when con-
sidering the CFI, SRMR and AIC. Whereas model fit did
not change substantially for the independence model
(x2=75.50, CFI=.977, TLI=.973, RMSEA =.050,
SRMR =.044, AIC =10,431.10), the fit of the saturated
model differed according to the respective fit index
(x2=44.36, CFI=.979, TLI=.942, RMSEA =.073,
SRMR =.030, AIC = 10,455.96). In the last step of the al-
gorithm outlined by Hox (44, Chapter 14) and Huang
[31], model B was obtained, see Table 2. For this model,
one overall general factor was added for the class level
(1 x 1-model). Model B contains twice as many degrees
of freedom as the single-level model A, which led to an
increase of the x2 and AIC value. However, according to
the CFI, TLI and RMSEA, model fit improved compared
to the single-level model A. For model B, all factor load-
ings were significant on the individual level whereas on
the class level three out of eight items exhibited signifi-
cant loadings (Table 3).

For model C (2 x 2-model), a second latent factor was
introduced on both levels which is modelled by items 2
(in the original version by Dishman and colleagues [26]:
“I can ask my parent or other adult to do physically ac-
tive things with me.”) and 5 (original item: “I can ask my
best friend to be physically active with me during my
free time on most days.”). Responses to these two items
rather depend on the social environment of the early ad-
olescents and not solely on themselves. The idea of cre-
ating a separate factor comprising these two items was
further supported as they exhibited the lowest factor
loadings in the single-level model A (Table 3). In line
with this, their correlations with the other items were
below average. Specifying two factors on each level for
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model C decreased the number of degrees of freedom
because two additional parameters had to be estimated
compared to model B. However, model C had a better
model fit with respect to each index, including the AIC
(Table 2). Furthermore, model C also showed a better
model fit compared to its single-level counterpart (x2 =
41.50, CFI1=.979, TLI=.969, RMSEA =.053, SRMR =
.030, AIC =9623.81). In model C, six out of eight items
exhibited factor loadings close to or above .50 on the
class level, two items had loadings lower than .40. The
model-based correlation of the latent factors in model C
was 0.87 on the individual level and 0.69 on the class
level (Table 3).

In a final step, the items 2 and 5 were excluded to test
for the unidimensional structure of a six-item scale both
in a single- and multi-level analysis. Again, the multi-
level model (model E) fit the data better than its single-
level counterpart (model D). Furthermore, model E ex-
hibited the best fit of all models with respect to the CFI
and TLI indices (Table 2). Like in every other model, the
items of model E showed significant factor loadings on
the individual level. On the class level, five out of six
items had loadings close to or above .50, yet only one
loading was statistically significant (Table 3).

Cronbach’s alpha for the eight-item scale was 0.84 on
the individual level and 0.91 on the class level. In the
two-factor solution, the six-item subscale exhibited an
alpha value of 0.85 on the individual level and 0.90 on
the class level. Cronbach’s alpha values for the items 2
and 5 were 0.44 on the individual level and 0.96 on the
class level, using the nearest positive definite matrix for
the class level.

Average MVPA per day was 80.44 min (SD =21.01,
N =374). The pooled within-group correlation between
average MVPA per day and self-efficacy measured by
the eight-item scale was 0.19 (p <.001, N = 345). Corre-
lations with the six-item subscale (r =0.19, p <.001, N =
350) and two-item subscale (r=0.14, p<.01, N=359)
were similar. Considering the 33 classes on the group

Table 2 Fit indices for five models tested via Multilevel Confirmatory Factor Analysis

Model
Fit A: One factor, single-level,  B: One factor, multi-level, ~ C: Two factors, multi-level,  D: One factor, single-level,  E: One factor, multi-level,
index 8 items 8 items 8 items 6 items 6 items
X2 4436 61.36 56.94 26.58 32.10
df 20 40 38 9 18
CFI 977 982 984 980 .986
TL 968 975 976 967 976
RMSEA 054 049 047 068 059
SRMR 032 038 035 030 035
AIC 9624.68 10,432.96 10,432.54 6957.92 753717

Note. df degrees of freedom; CFI comparative fit index; TLI Tucker-Lewis index; RMSEA root mean square error of approximation; SRMR standardized root mean

square residual; AIC Akaike’s information criterion
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Table 3 Standardized factor loadings and correlations of latent

factors
Model

A B C D E
[tems F1 F1 F1 F2 F1 F1

Individual level

1 72 73 72 72 73
2 45 A5 51 X X
3 .64 .65 .64 .65 .65
4 .66 .68 .67 .66 .66
5 49 49 55 X X
6 61 .60 .60 .60 .60
7 .76 .76 .76 78 77
8 .76 .76 .76 .76 75
Class level
1 .65 91 48
2 .82 .84 X
3 12 57 .58
4 33 49 1.03
5 1.04 .96 X
6 30 27 09
7 32 36 52
8 A7 43 .55
Rindividual (F1, F2) .87
Retass (F1, F2) 69

Note. Values in bold are statistically significant (p <.05); x =item not included
in the model

level, the between-group correlations of MVPA per day
and self-efficacy measured by the eight-item scale was
r=0.65 (p<.001, N =33). Correlations of MVPA with
the first (r = 0.57, p<.001) and the second subscale (r =
0.59, p <.001) were comparable.

Discussion

The guidelines for PA [5] are only fulfilled by a minority
of children, adolescents and adults (e.g., 12, 15). As indi-
vidual PA behaviour is often sustained from adolescence
to adulthood (e.g., 9), interventions trying to enhance
PA of children and adolescents are of great importance.
To improve young people’s PA behaviour, individual
self-efficacy is one of the most important determinants
to focus on (e.g., 20, 21). The physical activity self-
efficacy scale [26] assesses the individual self-efficacy re-
garding PA of adolescents and incorporates the findings
of the concept analysis of Voskuil and Robbins [24].

In this study, a German version of the physical activity
self-efficacy scale was validated in terms of its factorial
validity, internal consistency and criterion validity. Self-
efficacy does not only differ on the individual level but
also on the group level. Therefore, and because the scale
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was validated with clustered data, analysis was con-
ducted based on a multi-level framework [31]. This way,
a mismatch between the constitution of self-efficacy and
its assessment and analysis was circumvented. The phys-
ical activity self-efficacy scale can be applied to measure
the construct both on the individual and the group level
at the same time by applying the summary index model
[53]. It suggests that the aggregated variable on the
group level can be the sum or the average of a variable
assessed at the individual level.

The examination of its factorial validity in this sample
indicated that the physical activity self-efficacy scale not
only measured PA self-efficacy with six items but also
PA-related social support of family and friends with the
two remaining items. The actual self-efficacy items build
a highly reliable measurement. These findings applied
both to the individual and class level. Furthermore, the
scale provided substantial criterion validity as it contrib-
uted to the explanation of the female sixth-graders’ PA,
especially on the class level.

Self-efficacy in our sample was comparable to the self-
efficacy of the sample of sixth-graders used to validate
the original scale by Dishman and colleagues [26] in
terms of the means (3.61 vs. 3.74, see Table 1). Standard
deviation was almost identical (0.83 vs. 0.79), kurtosis of
the items was similar (- 1.10 to 0.03 vs. -1.05 to 0.65).

The fit of the single-level one-factor model A (Table
2) was acceptable, which justified the implementation of
the subsequent steps of the MCFA. The ICCs of the
items did not suggest a substantial variance between the
classes. The fits of the null model, independence model,
and saturated model did not allow for a clear-cut infer-
ence about a statistically significant group-level variance
(31, 44].

Concerning the fit indices which are less sensitive to
the number of parameters to be estimated, the fit of the
one-factor multi-level model B was better than the fit of
the single-level model A (see Table 2). This result justi-
fies a MCFA as it shows that there was relevant
between-group variance, which should be taken into ac-
count, although the ICCs of the items were low.

The introduction of a second factor on both levels
(model C) further improved model fit. Whereas six items
of the physical self-efficacy scale by Dishman and col-
leagues [26] indeed relate to PA-related self-efficacy, the
wording of the items 2 and 5 addresses the family and
peers of the participant as agents providing social sup-
port for PA. This interpretation can be traced back to
the original self-efficacy scale by Saunders and col-
leagues [54], which built the foundation for the scale val-
idated in this study. This scale comprised the three
subscales barriers, positive alternatives and support seek-
ing, which item 2 and 5 were part of. The answers to
these items mainly depend on circumstances which
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cannot be fully controlled by an early adolescent. If the
parents both work full time and, on top of that, are not
interested in being physically active, the child lacks the
means to change these circumstances. Similarly, if the
best friend does not like to be active and cannot be
reached within a manageable distance for a child,
chances of regularly engaging in PA together are low.
Thus, an actually self-efficacious adolescent can disagree
with these items while agreeing with the remaining
items, which refer to more personally controllable as-
pects and attitudes. The fact that items 2 and 5 show the
lowest loadings in the single-level model A and exhibit
comparatively low correlations with the remaining items
indicate that this scenario occurred in a considerable
number of cases. Thus, in the sample used in this study,
the items selected by Dishman et al. [26] do not form a
unidimensional scale. Taken together, these findings
argue against the supposed unidimensional structure of
the physical activity self-efficacy scale [25, 26, 39].

The sample of this study only included adolescents at-
tending schools in the city of Munich. Living in an
urban area with good infrastructure, they have good op-
portunities to visit their friends on their own by foot,
bike or public transport. In a sample including students
both from urban and rural areas, the possibilities of visit-
ing the best friend on one’s own might differ largely be-
tween classes. In this case, between-group variance
specifically concerning item 5 would increase. The fact
that model C fits the data better than its single-level
two-factor counterpart means that even with this rather
homogeneous sample, there is variance regarding both
factors on the individual as well as on the class level.
This again underlines the benefit of the multi-level ap-
proach used in this study. Using only a single-level ap-
proach would have led to a loss of substantial
information regarding PA self-efficacy and PA social
support on the class level.

Bandura [55] posited four main sources of self-
efficacy. Verbal persuasion by influential others saying
that one has the capabilities to master the task ahead
can increase self-efficacy. The current emotional and
physiological state also plays a role, as an energetic and
healthy person will most likely perceive a higher self-
efficacy compared to a self-conscious person dealing
with a serious health condition. The two most important
resources, however, are mastery and vicarious experi-
ences. The experience of mastering a particular chal-
lenge should increase one’s confidence to also master
similar tasks in the future. Vicarious experiences could
finally explain the finding that the two latent factors PA
self-efficacy and PA social support are highly correlated
(r>0.69, Table 3). It can be assumed that people who
regularly provide social support for PA are physically ac-
tive themselves, which is implied in the wording of items
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2 and 5. Thus, they can serve as role models for a
healthy PA behaviour. The concept of vicarious experi-
ence [55] suggests that if a person observes another
person performing successfully, it can enhance the confi-
dence in the own ability to succeed in the same task, es-
pecially when the person being observed is deemed
similar to oneself. This can lead to the effect that an ad-
olescent’s PA behaviour influences his/her best friend
and vice versa. Hence, vicarious experience [55] might
mediate the association of PA social support and PA
self-efficacy. Furthermore, the attraction paradigm [56]
proclaims that perceived similarity to a peer is a major
factor that determines whether a relationship turns into
a close friendship or not. Taken together, it can be as-
sumed that close friends often think the same way about
being physically active because their similarity led to
their friendship in the first place [56] and vicarious expe-
riences help to further assimilate to each other in terms
of PA self-efficacy [55]. This could explain the correl-
ation of item 5 with the six items assessing PA self-
efficacy.

Since the perceived similarity between observer and
role model plays a major role in vicarious experiences
[55] and adolescents normally perceive their parents as
being less similar to them as their friends, it is unlikely
that vicarious experiences explain the association of par-
ental PA support and children’s PA self-efficacy. Instead,
parental PA support might have a direct positive effect
on PA self-efficacy [57]. In sixth-graders, particularly
parents’ emotional and instrumental social support have
an effect on the adolescents’ PA self-efficacy [58]. These
findings could explain why responses to item 2 correlate
highly with self-efficacy.

Given these points, although previous validations of
the physical activity self-efficacy scale supported a unidi-
mensional model [25, 26, 39], the present study shows
the need to distinguish a second factor assessing PA-
related support by parents and peers with regard to stat-
istical and conceptual aspects. Additionally, it is worth
mentioning that the previous single-level validation stud-
ies revealed factor loadings below 0.40 for at least one
item [25, 39]. As it has been criticized elsewhere [30],
this indicates a lack of scale homogeneity and questions
a unidimensional structure, however, these results have
not been discussed appropriately [25, 39].

Finally, if the actual goal is to measure early adoles-
cents’ PA self-efficacy, items 2 and 5 should be excluded
from the data assessment, as other researchers have
done [59]. Consequently, specifying a one-factor struc-
ture on both levels after excluding the items 2 and 5 led
to the best overall model fit (model E), especially with
respect to the CFI and TLI indices. Furthermore, the
comparison between the single-level and multi-level ana-
lysis of this shortened version of the physical activity
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self-efficacy scale [26] also supported the consideration
of between-group differences.

Reliability was estimated for the individual and the
class level separately [31]. Cronbach’s alpha for the
eight-item scale was good on the individual level and ex-
cellent on the class level [60]. Cronbach’s alpha is posi-
tively associated with the number of items [61]. Alpha
values for the shorter six-item subscale representing PA
self-efficacy, however, were not diminished, which
speaks for an even higher internal consistency of this
sub-group of items compared to the complete scale.
Cronbach’s alpha for the two-item support factor was
low on the individual level and excellent on the class
level. Thus, the association of support from family and
peers becomes less ambiguous when the nesting of stu-
dents in classes is considered. Composite reliability was
also estimated to make sure that reliability was not
underestimated when using Cronbach’s alpha [61, 62].
Differences between the two methods were marginal.
Higher reliability values on the group level were ex-
pected since reliability tends to increase and measure-
ment error tends to decrease when measures are
aggregated across students within the same classes [63].

Likewise, the use of aggregated measures on the class
level normally affects factor loadings and correlations to
be higher on this level [63]. This assumption was only
partially met (Table 3). Although the number of classes
included in this study fulfils the minimum amount for
conducting a MCFA [64], it still might have reduced the
group-level factor loadings and model-based correlations
between the latent factors.

Finally, the scores of the complete scale and its sub-
scales were correlated with actual PA to evaluate the cri-
terion validity. The average MVPA level was in line with
a systematic review including 36 studies mainly con-
ducted in Europe and North America [65]. However,
average MVPA was higher than in previous German
studies. It is unlikely that the sample in this study ex-
hibits an unrepresentatively good PA behaviour. In fact,
the differences to previous German studies can be ex-
plained by the use of different PA measurement instru-
ments (self-report questionnaires vs. accelerometers)
and different sampling and analysis decisions concerning
the accelerometer data, which have a severe impact on
the estimated PA values [10, 14, 51, 66]. In this study, a
high resolution was chosen, leading to the most accurate
PA estimates possible [13, 50, 51], which at the same
time implicated higher MVPA values than usually found
in Germany. The participants’ scores on the complete
eight-item scale and the two subscales revealed a signifi-
cant positive relation to their actual PA. This is in line
with previous research emphasising the role of self-
efficacy as an important determinant of healthy PA be-
haviour of children and adolescents (e.g., 19, 20). The
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correlations were clearly higher on the class level, which
again justifies the multi-level approach and underlines
the differentiation between self-efficacy on the individual
and on the group level. Furthermore, this could favour
the incremental value of multi-level modelling regarding
the association between self-efficacy and PA. Consider-
ing that the construct of PA self-efficacy is by definition
closely connected to the actual PA behaviour [24], the
correlation between PA self-efficacy and actual PA is ra-
ther low in the majority of studies (e.g., 20, 21, 22). The
higher reliability and lower measurement error of the ag-
gregated class-level measures used here, could contrib-
ute to detecting correlation coefficients that are closer to
the respective true value [63].

Strengths and limitations

The main strength of this study lies in the application
of a multi-level approach to clustered data of students
nested in classes. Even though the ICCs suggested a
negligible variance on the class level [35, 42], multi-
level models consistently exhibited a better fit and
thus are more suited to depict the actual data. By
means of the multi-level approach, it was shown that
reliability and criterion validity of the validated scale
can differ significantly between the individual and the
class level.

The findings should be verified in a more diverse sam-
ple comprising girls and boys of different age and from
both rural and urban background. Further research on
the construct or, more specifically, the physical activity
self-efficacy scale [26] should include a larger number of
classes on the group level and also more students per
class. Measurement invariance across time should be
tested in a longitudinal design with a sample that is not
exposed to any intervention. Additionally, validation of
the scale in a sample with low PA would further support
the applicability of the scale to adolescents with diverse
activity levels.

Conclusions
Thoroughly validated scales with good psychometric cri-
teria are essential for sound evaluations of cross-
sectional studies and intervention programmes. This
multi-level validation suggests that the German version
of the physical activity self-efficacy scale [26] not only
measures PA self-efficacy but also PA-related social sup-
port by family and friends. The two latent factors are
highly correlated on both levels, but statistically and
conceptually distinguishable. Therefore, it should be dis-
cussed if the scale should continue to be considered
unidimensional.

This study argues for the validation of psychometric
scales using a multi-level approach because substantial
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information regarding class-level self-efficacy would have
been lost by applying a single-level validation.

It is recommended to exclude the social support items
from data assessments to have a highly reliable and valid
measurement instrument for individual- and class-level
PA self-efficacy.
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4 General Discussion

Besides providing insights into female sixth graders’ PA behaviour and its psychosocial
determinants, the presented studies put a strong focus on the application of recent
methodological approaches and the discussion of their advantages and implications. It was
shown that PA behaviour of the participants was on a good level when using the WHO
recommendation of a daily average of 60 minutes MVPA as a benchmark (Bull et al., 2020).
However, SB was clearly worse since the girls averaged more than seven hours of
sedentary time even on days without school. Considering methodological aspects, it has to
be highlighted that participants’ PA scores would have been lower and SB scores would
have been even higher if the accelerometer sampling and processing criteria used in
previous German and international large-scale studies had been applied in this study as
well (e.g., Konstabel et al., 2014; Ruiz et al., 2011). Furthermore, using a person-oriented
approach, it was illustrated that PA behaviour is driven by simultaneous coexistence and
interaction of several psychosocial determinants within an individual (Bergman & Lundh,
2015; Lindwall et al., 2017). Superordinate profiles of psychosocial PA determinants were
in line with previous assumptions (Ryan & Deci, 2000). However, subgroups could be
detected that to some extent conflicted with theoretical foundations. Thus, thanks to the
application of a person-oriented approach, insights into the interactions of psychosocial
resources driving accelerometer-measured PA behaviour of adolescents were provided for
the first time. In addition, recent recommendations in the examination of psychometric
criteria of self-report scales with multi-level data were implemented in a validation study of
the translated and adapted German physical activity self-efficacy scale (Dishman et al.,
2010; Huang, 2017).

4.1 Measurement of Physical Activity and Sedentary Behaviour of Children
and Adolescents by Means of Accelerometry

There are many reasons for the popularity of accelerometers in the assessment of PA and
SB in children and adolescents. When searching for a good compromise between feasibility
on the one hand and accuracy and offered detail of the results on the other hand,
accelerometers are probably the best choice (Dollman et al., 2009; Loprinzi & Cardinal,
2011). Until recently, accelerometers were assigned to the so-called objective measures
(e.g., Ruiz et al., 2011). Nowadays, accelerometry is usually described as a device-based
method. The term ‘objective’ suggests an unbiased measurement free of any influences
that would exclusively measure actual PA behaviour. However, this assumption was never
fulfilled by accelerometer assessments. Instead, one has to be aware of the fact that the
variety of different sampling and processing criteria in accelerometry that is offered to the
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researcher rather caused problems than it would have strengthened empirical findings
(Migueles et al., 2017; Migueles et al., 2019). Different decisions regarding, for instance,
wear-time validation algorithms, epoch lengths and activity cut points that are taken by
different researchers, lead to the issue that estimated PA and SB scores of the respective
study samples can hardly be compared. If the choice of different criteria in different studies
had always been for the benefit of increasing measurement accuracy in the respective
analyses, i.e., choosing criteria that are most appropriate for the characteristics of the
examined sample, deficits in comparability would become irrelevant. However, choices of
sampling and processing criteria were many times simply based on what had been done
before by other researchers in previous studies (e.g., Esteban-Cornejo et al., 2014). This
way, comparability was preferred over accuracy, although researchers actually had
accelerometers offering features for high-accuracy measurements available. Thus,
although a great number of studies using accelerometers has been conducted, it has to be
stated that large-scale studies offering accurate results regarding levels and patterns of PA
and SB are lacking. This leads to further consequences. The evaluation if a construct is a
determinant of PA or whether an intervention programme could significantly improve PA
behaviour of the participants are less influenced by inaccurate PA measurements since the
respective calculations are based on changes in the respective variables. For example, in
the evaluation of an intervention effect, biased pre-test values are compared with post-test
values that are biased in the same manner. This means that the reported absolute PA levels
are indeed inaccurate, the validity of the comparison across time points, however, is less
affected. With regard to guidelines on PA and SB, consequences are more serious. PA
guidelines are published to inform about the PA level necessary to evoke health benefits.
For the development of these guidelines, it is referred to existing studies examining the
association between PA levels and health parameters. These studies have used self-report
measures and also accelerometers (Bull et al., 2020; Troiano, Stamatakis, & Bull, 2020).
Since these measurement instruments or the respective analyses imply severe biases
leading to inaccurate PA scores, it may be questioned if the reported associations between
PA and health parameters are valid, and thus if the recommended PA guidelines are
appropriate.

Thus, further studies assessing PA and SB of children and adolescents have to be
conducted which adhere to recent recommendations in sampling and processing of
accelerometer data and will finally lead to results that are more accurate. Additionally, a lot
of data assessed by accelerometry can be re-examined since only device placement, i.e.,
accelerometer worn on the hip or the wrist, and sampling frequency must be decided a priori
(Migueles et al., 2017). The remaining decisions can be changed over and over after the
measurements and respective results can be compared (e.g., Vanhelst et al., 2014). To
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address the limitations implied in accelerometer assessments, like the inability or deficits in
measuring water-based and stationary activities, measurement instruments should be
combined to compensate for the respective limitations (Nigg et al., 2020). For example,
participants should keep an activity diary at least referring to the occasions when the
accelerometer could not be worn (Buchheit, Platat, Oujaa, & Simon, 2007).

4.2 Examination of Physical Activity Behaviour of Children and Adolescents
by Means of the Person-Oriented Approach

The theories presented in section 1.4.1 exhibit large differences in terms of their
composition, scope or settings and foremost in the PA determinants they comprise (Rhodes
et al., 2019). However, with regard to the fundamental approach in their development, these
theories have some crucial aspects in common. They were created deductively and, most
importantly, they conceive health behaviour as a rather stable phenomenon, thus proposing
differences between individuals but not within individuals (Dunton, 2017). The potential
influence of time is neglected as the presented theories suggest inferences about the
predictive power of constructs based on the average level of a sample in these constructs,
rather than incorporating time-variant concepts like fluctuation or stability. Therefore, these
theories are more suitable for health behaviours that may occur or are required
occasionally, thus limited-occurrence behaviours such as vaccinations. Since repeated-
occurrence health behaviours like regular PA naturally imply the concept of time, the
presented theories are less suited for their explanation or promotion (Dunton, 2017). This
perception is empirically supported as the power of these traditional and mostly used
theories in PA explanation and promotion is small (Rhodes & Dickau, 2012; Rhodes et al.,
2019).

The traditional variable-based approach consequently implements the mindset
behind these theories into study design and data analysis by following the assumption that
a sample’s average score in a given construct measured at certain time points may be used
to draw inferences about the predictive power of this construct with regard to a repetitive
behaviour like PA (Bechter et al., 2018; Dunton, 2017). The person-oriented approach, in
contrast, follows a more idiographic mindset in that it not only acknowledges the
intraindividual coexistence and interactions of several factors affecting PA behaviour but
also provides insights into the momentary level of resources of a given person in terms of
PA (Dunton, 2017; Lindwall et al., 2017). In studies evaluating the effect of an intervention
programme, the baseline PA level is usually taken account of since an increase in PA of a
previously active sample is more difficult to achieve than a PA increase in a usually inactive
sample with more room for improvement (Rhodes et al., 2017). However, the individual
baseline levels in potential determinants of PA are less considered and discussed, which
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might also be a reason for the inconsistent findings of systematic reviews examining
correlates and determinants of PA.

Although the declared goal of these systematic reviews and, in particular, reviews
of reviews is to synthesize the differences in existing evidence on a given topic (Craggs et
al., 2011), there is only little agreement in the findings of the reviews presented in chapter
1.4.2 (Bauman et al., 2012; Biddle et al., 2011; Craggs et al., 2011; Sterdt et al., 2014;
Uijtdewilligen et al., 2011). Reviews focused on the determinants of PA could hardly confirm
the constructs that had been established as correlates of PA in the respective reviews. This
circumstance may not be surprising, as determinants simply play a different role with regard
to PA behaviour than correlates do (Baranowski et al., 1998). However, it may cause some
concerns that reviews which actually follow the same purpose come to different conclusions
regarding relevant correlates or determinants of PA, respectively. These differences are a
product of several aspects. The reviews can differ in their search strategy (e.g., searched
databases; time of publication of the studies) or inclusion and exclusion criteria. Different
decisions in these aspects lead to different studies being included in the reviews. The
studies included in a given review indeed assess the same constructs according to their
denomination. However, the constructs might be defined differently and/or measured by
use of different scales, and thus in fact represent slightly different latent constructs.
Additionally, different reviews may apply different standards in terms of the level of evidence
that has to be reached for a construct to be classified as a consistent correlate or
determinant, respectively. Thus, in the end, different systematic reviews might follow
different approaches in the evidence synthesis of partially different included studies that
measure a given construct in slightly different ways, which may finally lead to different
evaluations whether a construct is a relevant correlate or determinant for PA and SB,
respectively. However, even if these aspects are given full consideration, the remaining
differences are still striking, so that there must be more aspects that might have been
overlooked too often. This is the point where specific sample characteristics of the studies
included in the reviews might come into play and contribute to the explanation of the
inconsistencies regarding which constructs are considered as relevant determinants of
change in PA.

Within the variable-based approach, moderator analyses represent a first step in
considering specific sample characteristics in the examination of PA correlates and
determinants (Bauman, Sallis, Dzewaltowski, & Owen, 2002). The person-oriented
approach, however, may explain some of the inconsistencies of systematic reviews in more
detail and might at the same time contribute to the design of more effective intervention
programmes, which would also provide more exact data for research about PA
determinants. Person-oriented analyses do not only identify how PA is typically determined
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within an individual, like it was done by means of the SOM analysis in CReActivity. It also
provides insights into the momentary potentials and needs of a given person (Bechter et
al., 2018; Gut et al., 2020; Lindwall et al., 2017). It is able to identify for distinct subgroups
of individuals whether the potential of a PA determinant is exhausted since the profile
already exhibits high scores on this variable. In this case, there would be no potential for
this construct to be a mediator of change in PA (Baranowski et al., 1998; Sallis & Owen,
1999). On the other hand, person-oriented analyses can identify the respective constructs
for each profile that offer room for enhancement, and thus serve as potential determinants
of change providing that they can be successfully targeted by appropriate behaviour change
techniques within the intervention. Moreover, person-oriented analyses do not only detect
level effects. The point when person-oriented approaches have the highest incremental
value over variable-based approaches is when shape effects come into play (Lindwall et
al., 2017; Morin & Marsh, 2015). Based on the identification of shape effects, results suggest
which combinations of levels in different determinants lead to the best outcome. Thus, the
pursuit of appropriate behaviour change techniques may not only be based on insights into
deficits of a profile in certain determinants. An example of a shape effect was found by the
SOM analysis in the CReActivity sample. Moderate scores on external regulation in
combination with high levels in autonomous regulation could only lead to highest MVPA
values if introjected regulation was high as well. These more unique and partially
atheoretical profiles are not captured by theoretical models and thus are of incremental
value over and beyond theoretical assumptions (Lindwall et al., 2017). This argues for the
use of a rather inductive, explorative approach as a starting point for tailored interventions
that specifically respond to the deficits of an identified group of individuals (Dunton, 2017;
Gut et al., 2020; Rhodes et al., 2019). If the intervention components are designed in a way
that matches the needs and deficits of the respective profiles, changes in PA-related
resources and thus movement of an individual to a more motivated and active profile can
be initiated (Emm-Collison et al., 2020). Studies in adult populations have shown that
movements between motivational profiles regarding PA are common and thereby support
the relevance of the time concept in PA research. An encouraging finding was that
especially individuals of profiles characterized by mostly controlled motivation were more
likely to move between profiles, which shows that motivational resources of an individual
are not immutable (Emm-Collison et al., 2020).

Thus, it has to be discussed whether it is a worthwhile goal to try and find
determinants of PA by conducting systematic reviews, if the true determinants that can in
fact be a mediator of PA increase are to some extent different for each sample and even
for potential subgroups within a given sample. This would mean that while trying to find the
determinants that are of general relevance for a population could lead researchers to move
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further and further away from the truth as there might be no determinants that might equally
help every sample without taking account of their momentary resources and needs (Dunton,
2017).

4.3 Future Research Perspectives
Since physical inactivity and high SB can lead to severe health issues (Biswas et al., 2015;
Granger et al., 2017; van der Ploeg & Hillsdon, 2017), a parallel between the explanation
of PA and a visit to the doctor might be drawn. If a patient suffering from knee pain turns to
a doctor, the doctor is expected to conduct a thorough diagnosis, for example by asking the
patient when the pain occurs the most or whether there are situations when there is less
pain. Afterwards, the doctor might even use imaging techniques to examine the structures
inside of the knee in order to identify the exact origin of the pain. In any case, the patient
would be surprised and probably disappointed, if the doctor would simply prescribe an
ointment saying that this would help everybody without asking the patient about his personal
experiences and symptoms. Nevertheless, in some cases, the doctor might even be
successful with this kind of treatment as the ingredient in the ointment coincidentally fits to
the causes of the knee pain of some patients. The vast majority of patients, however, will
not experience a pain relief since their knee pain has a different origin. Fortunately, in the
context of disease treatment, the prevailing notion of ‘personalized medicine’ stipulates that
the unique molecular, physiological or behavioural characteristics of patients have to be
responded to by means of interventions that are specifically tailored to their respective
characteristics (Goetz & Schork, 2018). However, this notion has not yet been consistently
applied in the explanation and promotion of PA, or more precisely, in the treatment of
physical inactivity. The power of deductive theories in the explanation of PA behaviour is
small, ‘one-size-fits-all’ interventions designed with regard to these theories and respective
variable-based systematic reviews are rarely successful. Therefore, instead of designing
more and more large-scale intervention programmes that, although focusing on different
determinants, are still based on the same general approach, promising alternatives need to
be sought. In line with the presented person-oriented approach, a promising compromise
could be to prepare an intervention programme which is based on a specific theory in terms
of the variables being focused, but at the same time leaves researchers the chance to adapt
the intervention components and behaviour change techniques to the respective profiles
identified via person-oriented analysis of the baseline scores. Like this, the idiographic
needs of the participants can be incorporated into the final design of the intervention
(Dunton, 2017; Rhodes et al., 2019).
An advancement of this idea represents the use of mobile technologies for
ecological momentary assessment (EMA; Shiffman, Stone, & Hufford, 2008). By means of
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EMA prompts on smartphones, real-time self-reports about potential psychosocial
determinants of PA can be assessed several times per day. Afterwards, the association of
current levels of psychosocial resources and PA can be examined (Dunton, 2017). This
approach can be classified as an advancement of the person-oriented approach, as not
only the idiographic needs of an individual are assessed cross-sectionally, but even
individual changes in idiographic resources are illustrated. Classifying the different
approaches on a continuum reflecting the detail of individual insights, the variable-based
approach represents step one since it aims to find determinants that are assumed to be
relevant for everybody. Based on cross-sectional interindividual comparisons, the person-
oriented approach tries to identify the needs and potential determinants of an individual at
a given point of time and therefore represents step two. EMA represents step three, as
intraindividual fluctuations in personal needs and resources, i.e., deviations from a
participant’s personal average, are identified and their occurrence at several points of time
is examined (Dunton, 2017). Therefore, EMA highly acknowledges that determinants of PA
do not only differ between individuals but are subject to intraindividual change, even during
the course of a day. A recent EMA study with adult participants could show that PA
intentions higher than average for a given participant predicted a subsequent increase in
MVPA in the following two hours. Increases in MVPA, however, only occurred if current PA
self-efficacy levels were higher than average for the participant as well (Pickering et al.,
2016). Thus, these findings reflect typical shape effects which can be found using a person-
oriented approach like SOM. However, by applying EMA the findings feature an even higher
time-related resolution due to repeated momentary assessments. Furthermore, the
participants who exhibited greater fluctuation in intentions and self-efficacy were the ones
with the highest overall MVPA levels (Pickering et al., 2016). Again, this underlines the
existence and the potential of intraindividual changes in PA determinants. The relations
between time-varying determinants and PA levels can eventually build the basis for just-in-
time adaptive interventions (Nahum-Shani, Hekler, & Spruijt-Metz, 2015). These are
designed according to gathered insights about when, where and how intervention
components like activity prompts should be delivered to achieve a maximal effect on PA.

To have highly valid assessments on both sides of the examined associations, not
only potential determinants should be measured with a high resolution but also
measurement of PA behaviour should follow the recommendations presented above
(Migueles et al., 2017). Additionally, SB should be considered as well to expand previous
evidence on determinants of SB (Uijtdewilligen et al., 2011).
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5 Conclusion

The studies presented in this work combine insights into adolescent PA and SB levels and
patterns with findings about PA determinants and the implications and advantages of recent
methodological approaches in the respective topics. It is shown that different decisions in
sampling and processing of accelerometer data imply major effects on reported PA and SB
levels and patterns. Due to the implications of biased PA and SB estimates on, for instance,
the development of PA and SB guidelines, it is suggested to re-examine existing
accelerometer data and to conduct new large-scale assessments with high resolution and
accuracy. Weaknesses of the traditional variable-based approach in the explanation of PA
behaviour are illustrated. The application of the alternative person-oriented approach is
exemplified using data of the CReActivity project and its potential for intervention design is
discussed. Methods for advancement in research designs in order to gain more in-depth
insights in the synthesis of PA and SB are presented.
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