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ABSTRACT/ SUMMARY

Introduction: Insufficient physical activity has been established as a significant risk factor for non-com-
municable diseases, increasing the risk of conditions such as cardiovascular disease, hypertension, di-
abetes, dementia, obesity, and breast and colon cancer. Meanwhile regular physical activity is associ-
ated with positive effects on stress management and related health risks. The benefits of physical ac-
tivity are particularly impactful for children and adolescents, as behavioral changes during adolescence
can extend into adulthood. However, the prevalence of insufficient physical activity and sedentary be-
havior among youth worldwide is steadily increasing, potentially due to the rise of digitalization and
increased screen time. Surprisingly, longitudinal and representative data from the KIGGS study demon-
strates no correlation between screen time and reduced physical activity in children. Addressing the
digital realities of modern childhood and adolescents, digital health interventions (e.g., mHealth) may
provide a life-relevant and motivating entry point for changing physical activity related behaviors. Nu-
merous meta-analyses have demonstrated the effectiveness of smartphone interventions among
youth, although effect sizes remain low. The lack of scientific foundations of content, non-specific ap-
proaches, inadequate age-appropriateness, low individualization, and poor usability are cited as pos-
sible reasons. Thus, innovative approaches are needed to increase the effectiveness and adherence of
digital health interventions among children and adolescents, involving evidence-based techniques for
behavior change (e.g., gamification, goal setting), age-appropriate developmental theories, motiva-
tional aspects, and multi-level individualization. As such, this dissertation focuses on the following re-
search questions: (1) How does individualization and age as moderators impact the effectiveness of
mHealth interventions for reducing sedentary behavior in children and adolescents? (2) What are the
feasible mHealth-based physical activity and health objectives that can be achieved within the family
context involving early adolescents? (3) How can digital health literacy be promoted in the school set-
ting to encourage reflective and responsible use of mHealth applications among mid-adolescents? (4)

How does individualization affect the effectiveness of physical activity-based mHealth interventions?

Methods: A cumulative dissertation consisting of seven pre-registered publications in national and in-
ternational peer-reviewed journals was developed to address these research questions. To answer the
first research question, a systematic review followed by a meta-analysis (1) was conducted to assess
the effectiveness of digital health interventions for preventing insufficient physical activity and seden-
tary behavior in children and adolescents across different developmental stages, as well as to compare
individualized interventions with non-individualized interventions. To answer the next two research
questions, which were based on the results of the aforementioned literature review, two mixed-meth-
ods cross-sectional studies were conducted to examine the prerequisites for digital health promotion

for children and adolescents in (2) family and (3) school settings. Qualitative sub-studies were analyzed
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using qualitative content analysis with MAXQDA, while quantitative sub-studies were analyzed using
SPSS, rStudio, and JASP. The family-focused study (2) was an explanatory sequential mixed-methods
study that aimed to identify family health goals through interviews with N=60 parents and focus groups
with N=120 adolescents. The subsequent quantitative sub-study surveyed N=1008 families nationwide
on their interest in the identified family health goals and their health behavior. On the other hand, the
school-focused study (3) was an exploratory sequential mixed-methods study that integrated an online
survey of N=118 biology and physical education teachers and six focus group interviews with teachers
and students (N=34). The surveys covered questions about the equipment and use of digital media,
digital health literacy, and potential barriers of mHealth intervention in the context of physical educa-
tion. The insights gained from the meta-analysis (1) and cross-sectional mixed-methods studies (2 & 3)
were integrated into a multi-arm randomized controlled trial (4), including a study protocol, to answer
the fourth research question and to evaluate individualized, sensory mHealth interventions. The ex-
perimental study includes N=995 participants, randomized to multiple study-arms with different levels
of individualization including sensor- and app-based biofeedback, health needs of each individual, vital
signs, and behavioral patterns. The study includes three measurement points at intervals of 8 weeks,
with primary outcomes defined as heart rate variability, behavioral change (HAPA), and physical activ-

ity.

Results: The systematic literature search yielded 1101 studies, of which 12 were included in the qual-
itative synthesis and 10 in the meta-analysis (1). Findings indicated that digital health applications can
effectively address insufficient physical activity, but their effectiveness in mitigating sedentary behav-
ior remains uncertain. Additionally, our analysis suggested that highly individualized digital interven-
tions may produce larger effect sizes in the context of insufficient physical activity, and that age-related
differences may exist with respect to the degree of individualization required to achieve optimal out-
comes. Addressing early adolescent target group, the subsequent family focused mixed methods study
(2) found differences in health goals among families. Qualitatively identified mHealth related goals in
the areas nutrition, mindfulness, abstinence, organized activities, resilience, nature as well as physical
activity and combined the health behavior index of participants in a multiple regression model. The
results revealed resilience, physical activity, and nature to be significant predictors of health behavior.
Additional multiple logistic regression models identified healthier eating habits, communal cooking,
outdoor activities, learning exercises for on-the-go, spending time in nature, stress management, and
dietary changes as primary goals in the field of mHealth that children and adolescents would undertake
with their parents. Addressing mid adolescents, both studies in the school focused project (3) identi-
fied a lack of knowledge and media infrastructure. The target groups showed a high interest in and
need for the enhancement of digital health literacy. Compared to teachers of other subjects, physical

education teachers showed lower digital health literacy and less interest. The results highlight the need
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for an improved infrastructure (e.g., access to Wi-Fi) and the exacerbated need for digital health liter-
acy promotion in the school setting. In the randomized controlled trial focusing on late adolescents
and adults (4), 170 of 995 eligible participants (26%) completed the post-measurement. MANOVA in-
dicated small to moderate time*group interaction effects with physical activity-related outcomes of
moderate to vigorous physical activity and inactivity-disruption counts in the app focused study-arms,
but not for step counts and inactivity. Stress-related HRV parameters did not change over time. Despite
high dropout rates and a complex study design, individualized interventions revealed initial effects on

physical activity but not the expected effects on stress-related outcomes.

Discussion: The aim of this dissertation was to investigate the impact of individualization on the effec-
tiveness of mHealth interventions for children and adolescents at different developmental stages. The
results revealed that each developmental stage of children has unique requirements. For instance, in
early childhood and adolescence, the involvement of the social environment of the family was shown
to be beneficial, whereas in middle adolescence, the development of health literacy for independent
use of mHealth interventions obtains amplified relevance. In late adolescence, individualization of in-
terventions through biofeedback or more complex methods such as machine learning becomes signif-
icant. Despite several limitations, the individualized mHealth interventions were found to affect the
physical activity and health behaviors of children and adolescents more than non-individualized inter-
ventions, provided that they adequately address the digital health literacy according to the child's de-
velopmental stage, involve social systems, are based on central theories of health behavior change,
and have an educational approach. Future approaches should focus on the appropriate use of health
data to develop context-specific and relevant interventions that are adjusted according to gender, cul-
ture, and competence. Therefore, individualization alone appears to be a partial aspect of the effective
application of mHealth interventions, but tackles many obstacles related to digital solutions for the
reduction of insufficient physical activity and sedentary behavior as well as other health behaviors.
These aspects are combined in the proposed Youth mHealth Behavior Change Model, which combines
the HAPA model with the self-Efficacy model and the presented study findings of this dissertation,
providing a framework for physical activity related health behavior change for children and adolescents

via mHealth interventions.



Zusammenfassung Page |x

ZUSAMMENFASSUNG

Einleitung: Unzureichende korperliche Aktivitat wurde als signifikanter Risikofaktor fiir nicht-tbertrag-
bare Krankheiten identifiziert und erhéht das Risiko fiir Erkrankungen wie Herz-Kreislauf-Erkrankun-
gen, Bluthochdruck, Diabetes, Demenz, Fettleibigkeit sowie Brust- und Darmkrebs. RegelmaRige kor-
perliche Aktivitat hingegen hat positive Auswirkungen auf den Stressabbau und damit verbundene Ge-
sundheitsrisiken. Die Vorteile von kérperlicher Aktivitdt sind insbesondere fiir Kinder und Jugendliche
von Bedeutung, da Verhaltensanderungen wahrend der Adoleszenz bis ins Erwachsenenalter hinein-
reichen kénnen. Die Pravalenz von unzureichender korperlicher Aktivitat und sitzendem Verhalten bei
Jugendlichen weltweit steigt jedoch stetig an, moglicherweise aufgrund der zunehmenden Digitalisie-
rung und erhéhten Bildschirmzeit. Uberraschenderweise gibt es jedoch laut longitudinalen und repré-
sentativen Daten aus der KIGGS-Studie keinen Zusammenhang zwischen Bildschirmzeit und reduzier-
ter korperlicher Aktivitat bei Kindern. Um die digitalen Realitaten der modernen Kindheit und Adoles-
zenz zu adressieren, konnten digitale Gesundheitsinterventionen (z.B. mHealth) einen lebensrelevan-
ten und motivierenden Einstiegspunkt fiir die Verdnderung von Verhaltensweisen im Zusammenhang
mit korperlicher Aktivitat bieten. Zahlreiche Meta-Analysen haben die Wirksamkeit von mHealth In-
terventionen beilugendlichen gezeigt, auch wenn die Effektstarken gering waren. Als mégliche Griinde
werden der Mangel an wissenschaftlichen Grundlagen des Inhalts, inhaltsunspezifische Ansatze, unzu-
reichende Altersangemessenheit, geringe Individualisierung und diirftige Nutzbarkeit genannt. Daher
sind innovative Ansatze erforderlich, um die Wirksamkeit und Einhaltung digitaler Gesundheitsinter-
ventionen bei Kindern und Jugendlichen zu erhdhen, die auf evidenzbasierten Techniken zur Verhal-
tensdanderung (z.B. Gamification, Zielsetzung), altersgerechten Entwicklungsmodellen, motivationalen
Aspekten und mehrstufiger Individualisierung basieren. Aus diesem Grund konzentriert sich diese Dis-
sertation auf folgende Forschungsfragen: (1) Wie beeinflussen Individualisierung und Alter als Mode-
ratoren die Wirksamkeit von mHealth-Interventionen zur Reduzierung unzureichender kdrperlicher
aktivitdt und von sitzendem Verhalten bei Kindern und Jugendlichen? (2) Was sind realisierbare
mHealth-basierte Aktivitdts- und Gesundheitsziele, die im familidren Kontext mit frihadoleszenten Ju-
gendlichen umgesetzt werden kdnnen? (3) Wie kann die digitale Gesundheitskompetenz im Schulset-
ting geférdert werden, um einen reflektierten und verantwortungsbewussten Einsatz von mHealth-
Anwendungen bei Jugendlichen in der mittleren Adoleszenz zu férdern? (4) Wie beeinflusst Individua-
lisierung die Wirksamkeit von auf kérperlicher Aktivitdat basierenden mHealth-Interventionen bei Ju-

gendlichen in der spaten Adoleszenz und im Erwachsenenalter?

Methodik: Eine kumulative Dissertation, bestehend aus sieben vorregistrierten Publikationen in nati-
onalen und internationalen peer-reviewed Journals, wurde entwickelt, um diese Forschungsfragen zu

adressieren. Um die erste Forschungsfrage zu beantworten, wurde eine systematisches Review gefolgt
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von einer Meta-Analyse (1) durchgefiihrt, um die Wirksamkeit von digitalen Gesundheitsinterventio-
nen zur Pravention von unzureichender korperlicher Aktivitat und sitzendem Verhalten bei Kindern
und Jugendlichen in verschiedenen Entwicklungsstadien zu bewerten und individualisierte Interven-
tionen mit nicht-individualisierten Interventionen zu vergleichen. Um die nachsten beiden Forschungs-
fragen zu beantworten, die auf den Ergebnissen der genannten Literaturarbeit basieren, wurden zwei
Mixed-Methods-Querschnittsstudien durchgefiihrt, um die Voraussetzungen fiir die Férderung digita-
ler Gesundheit bei Kindern und Jugendlichen im (2) familidren und (3) schulischen Setting zu untersu-
chen. Qualitative Teilstudien wurden mit MAXQDA analysiert, wahrend quantitative Teilstudien mit
SPSS, R-Studio und JASP analysiert wurden. Die auf die Familie ausgerichtete Studie (2) war eine expla-
nativ-sequentielle Mixed-Methods-Studie, die durch Interviews mit N=60 Eltern und Fokusgruppen mit
N=120 Jugendlichen gemeinsame Familien-Gesundheitsziele identifizierte. Die anschlieRende quanti-
tative Teilstudie befragte bundesweit N=1008 Familien nach ihrem Interesse an den identifizierten Fa-
milien-Gesundheitszielen und ihrem Gesundheitsverhalten. Die auf die Schule ausgerichtete Studie (3)
war hingegen eine explorativ-sequentielle Mixed-Methods-Studie, die eine Online-Umfrage von N=118
Biologie- und Sportlehrern und nachfolgend sechs Fokusgruppeninterviews mit Lehrern und Schiilern
(N=34) integrierte. Die Interviews enthielten Fragen zur Ausstattung und Nutzung digitaler Medien,
digitaler Gesundheitskompetenz und potenziellen Barrieren von mHealth-Interventionen im Kontext
des Sportunterrichts. Die Erkenntnisse aus der Meta-Analyse (1) und den Querschnittsstudien (2 & 3)
wurden, einschlieRlich eines Studienprotokolls, in eine multizentrische randomisierte kontrollierte Stu-
die (4) integriert, um die vierte Forschungsfrage zu beantworten und individualisierte und sensorge-
stlitze mHealth Interventionen zu evaluieren. Die experimentelle Studie umfasst N=995 potentielle
Teilnehmer, die auf mehrere Studienarme mit unterschiedlichen Graden der Individualisierung, ein-
schlieBlich sensor- und app-basierter Biofeedbacks, Gesundheitsbediirfnissen jedes Einzelnen, Vital-
parameter und Verhaltensmustern, randomisiert wurden. Die Studie umfasst drei Messzeitpunkte im
Abstand von 8 Wochen, wobei die primdren Ergebnisse als Herzfrequenzvariabilitdt, Verhaltensande-

rung (HAPA) und korperliche Aktivitat definiert sind.

Ergebnisse: Die systematische Literatursuche ergab 1101 Studien, von denen 12 in die qualitative Syn-
these und 10 in die Meta-Analyse (1) aufgenommen wurden. Die Ergebnisse zeigten, dass digitale Ge-
sundheitsanwendungen zur Reduktion unzureichender korperliche Aktivitat beitragen, aber ihre Wirk-
samkeit bei der Reduzierung von sitzendem Verhalten unklar ist. Die Analysen legten auRerdem nahe,
dass hoch individualisierte digitale Interventionen im Kontext unzureichender korperlicher Aktivitat
groRere Effektstarken zeigen und dass altersbedingte Unterschiede in Bezug auf den Grad der Indivi-
dualisierung vorhanden sein kénnen, um optimale Ergebnisse zu erzielen. Die auf die friihe Adoleszenz

ausgerichtete Familien-Studie (2) ergab Unterschiede in den Gesundheitszielen der Familien. In einer
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multiplen Regressionsanalyse wurden qualitativ identifizierte mHealth-bezogene Ziele in den Berei-
chen Erndhrung, Achtsamkeit, Abstinenz, organisierte Aktivitaten, Resilienz, Natur sowie korperliche
Aktivitat kombiniert und der Gesundheitsverhaltensindex der Teilnehmer ermittelt. Die Ergebnisse
zeigten, dass Resilienz, korperliche Aktivitat und Natur signifikante Pradiktoren fur das Gesundheits-
verhalten sind. Zuséatzliche multiple logistische Regressionsmodelle identifizierten zudem gesiindere
Essgewohnheiten, gemeinsames Kochen, Outdoor-Aktivitdten, Entspannungsibungen fiir unterwegs,
Zeit in der Natur verbringen, Stressbewaltigung und Erndhrungsumstellungen als primare Ziele im Be-
reich mHealth, die Kinder und Jugendliche mit ihren Eltern unternehmen wiirden. In Bezug auf Jugend-
liche in der mittlere Adoleszenz identifizierte die Mixed Methods Studie im schulischen Kontext (3)
einen Mangel an digitaler Gesundheitskompetenz und Medieninfrastruktur. Die Zielgruppen zeigten
jedoch hohes Interesse und Bedarf an der Verbesserung ihrer digitalen Gesundheitskompetenz. Im
Vergleich zu Lehrern anderer Facher zeigten Sportlehrer eine geringere digitale Gesundheitskompe-
tenz und weniger Interesse. Die Ergebnisse betonen die Notwendigkeit einer verbesserten Infrastruk-
tur (z.B. Zugang zum Wi-Fi) in Sporthallen und einer verstarkten Férderung der digitalen Gesundheits-
kompetenz im schulischen Kontext. In der randomisierten kontrollierten Studie, die sich auf Jugendli-
che in der spaten Adoleszenz und Erwachsene (4) konzentrierte, beendeten 170 von 995 berechtigten
Teilnehmern (26%) die Postmessung. Eine MANOVA zeigte signifikante Zeit-Gruppen-Interaktionsef-
fekte in Bezug auf die aktivitatsbezogenen Parameter ,maRige bis intensive korperlicher Aktivitat”,
sowie , Inaktivitats-Unterbrechungen” in den auf die App fokussierten Studienarmen, nicht aber fir
die Parameter ,,Schritte” und , Inaktivitat“. Stressbezogene HRV-Parameter anderten sich im Laufe der
Zeit nicht. Trotz hoher Dropoutrate und eines komplexen Studiendesigns zeigten individualisierte In-
terventionen erste Auswirkungen auf die kérperliche Aktivitat, jedoch nicht die erwarteten Auswirkun-

gen auf stressbezogene Parameter.

Diskussion: Das Ziel dieser Dissertation war es, den Einfluss der Individualisierung auf die Wirksamkeit
von mHealth-Interventionen flr Kinder und Jugendliche in verschiedenen Entwicklungsstadien zu un-
tersuchen. Die Ergebnisse zeigen, dass jedes Entwicklungsstadium von Kindern einzigartige Anforde-
rungen aufweiRt. Zum Beispiel wurde gezeigt, dass in der Kindheit und friihen Adoleszenz die Einbe-
ziehung des sozialen Umfelds der Familie vorteilhaft ist, wahrend in der mittleren Adoleszenz die Ent-
wicklung der Gesundheitskompetenz fiir die unabhangige Nutzung von mHealth-Interventionen ver-
starkt relevant wird. In der spaten Adoleszenz gewinnt die Individualisierung von Interventionen durch
Biofeedback oder komplexere Methoden wie z.B. maschinelles Lernen an Relevanz. Trotz einiger Ein-
schrankungen wurden bei den getesteten individualisierten mHealth-Interventionen positive Effekte
auf das Aktivitats- und Gesundheitsverhalten von Kindern und Jugendlichen im Vergleich zu nicht-in-
dividualisierten Interventionen festgestellt. Allerdings nur unter der Pramisse, dass die Interventionen

die digitale Gesundheitskompetenz entsprechend des Entwicklungsstandes des Kindes angemessen
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berlicksichtigen, soziale Systeme mit einbeziehen, auf zentralen Theorien der gesundheitlichen Ver-
haltensdanderung basieren und einen padagogischen Mehrwert aufweisen. Zukiinftige Ansatze sollten
sich auf den angemessenen Einsatz von Gesundheitsdaten konzentrieren, um kontextspezifische und
relevante Interventionen zu entwickeln, die entsprechend dem Gender, der Kultur und der Kompetenz
angepasst sind. Daher scheint die Individualisierung nur ein Teilaspekt der effektiven Anwendung von
mHealth-Interventionen zu sein, behebt aber viele Hindernisse im Zusammenhang mit digitalen L6-
sungen zur Reduzierung von unzureichender korperlicher Aktivitat und sitzendem Verhalten sowie an-
deren Gesundheitsverhaltensweisen. Diese Aspekte sind im vorgeschlagenen Youth-mHealth-Beha-
vior-Change Modell kombiniert, welches den Health Action Process Approach mit dem Self-Efficacy
Modell und den dargestellten Studienergebnissen dieser Dissertation verbindet und einen Rahmen fir
den gesundheitliche Verhaltendanderung im Zusammenhang mit koérperlicher Aktivitat fir Kinder und

Jugendliche durch mHealth-Interventionen bietet.
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1 INTRODUCTION

This thesis delves into the potential of individualized mHealth interventions in the promotion of phys-
ical activity (PA) and reduction of sedentary behavior among children and adolescents. The introduc-
tory section provides a thorough theoretical foundation, encompassing the trends in insufficient phys-
ical activity and sedentary behavior, the effects of physical activity on noncommunicable diseases, and
the underlying health behavior change theories, such as the Health Action Process Approach and the
Self-Efficacy Model. Additionally, the theoretical background section sheds light on the leisure activi-
ties and screen time of children and adolescents, culminating in an interim summary of the relevant
literature. The second section of this thesis focuses on the current state of research on mHealth inter-
ventions. This includes the evidence on the effectiveness of such interventions for all populations and
their applicability to children and adolescents. Moreover, the section explores the different develop-
mental stages of children and adolescents and their corresponding digital health literacy. Additionally,
the section investigates the impact of social systems, such as family dynamics, school, and peer group,
on the effectiveness of mHealth interventions. Pedagogical approaches and behavior change tech-
niques are also presented in the context of mHealth interventions. Lastly, this section highlights the
importance of context and preferential adjustment, particularly individualization and adaptive assess-
ment, and just-in-time interventions. The third section of this thesis outlines the research questions
and hypotheses, leading into the cumulative part of the dissertation, which comprises seven published
studies that serve as the foundation for the present work. The studies delve into the impact of individ-
ualization and age as moderators on the effectiveness of mHealth interventions for reducing sedentary
behavior, the feasible mHealth-based physical activity and health objectives that can be accomplished
within the family framework involving early adolescents, the promotion of digital health literacy within
the school setting, and the effect of individualization on the effectiveness of physical activity-based
mHealth interventions. The final section of this thesis synthesizes the findings and results of the stud-
ies, followed by a discussion of their strengths and limitations. The conclusion highlights the theoretical
and methodological developments that have emerged and identifies further areas of differentiation

for future research.

1.1 THEORETICAL BACKGROUND ON HEALTH BEHAVIOUR CHANGE

1.1.1 Trends in insufficient physical activity and sedentary behaviour
Inactivity has been described as a prevailing epidemic of the 21st century (Hall et al., 2021). Therefore,
insufficient physical activity and sedentary behavior are major public health concerns for children and

adolescents (Chaput et al., 2020). For example, a 2020 pooled analysis of 298 population-based surveys
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with 1.6 million participants found that 80% of adolescents aged 11 to 17 years did not meet the min-
imum recommended levels of physical activity (PA) in 2016, an increase of 78% in 2001 (Guthold et al.,
2020). The global prevalence of insufficient physical activity (IPA), defined as failure to meet the World
Health Organization (WHO)-specific guidelines for physical activity (Tremblay et al., 2017), is over 80%
among children and adolescents worldwide, predominantly resulting from extended periods of seden-
tary behavior. This phenomenon has shown a persistent increase over the past decades (Guthold et
al., 2018), despite a well-established association between at least 60 minutes of moderate to vigorous
physical activity, defined as any activity with a metabolic equivalent of task (MET) value between 3 and
5.9, and vigorous physical activity as 26 MET, per day on average for children and adolescents, and
several health benefits (Tremblay et al., 2014).It is noteworthy that although sedentary behaviour (SB;
defined as any waking behavior characterized by an energy expenditure <1.5 metabolic equivalents of
task [METs] while in a sitting, reclining, or lying posture (Tremblay et al., 2014; Tremblay et al., 2017))
and IPA are often used interchangeably and refer to the same energy expenditure spectrum by defini-
tion, they are independent constructs and do not necessarily correlate with each other (van der Ploeg

& Hillsdon, 2017), but both behaviors have significant health implications (Biddle & Asare, 2011).

Another review Dumith et al. (2011) found that PA levels decline during adolescence, particularly
among girls. Within the national context of Germany, only 13.1% of girls and 17.4% of boys adhered to
the recommended 60 minutes of moderate-to-vigorous physical activity (MVPA) per day (Jekauc et al.,
2012). Compliance rates were notably lower among older individuals of both genders, with the sharp-
est decline occurring among age groups transitioning from primary to secondary school (Schmidt et
al., 2020). Screen time has also been on the rise in recent years, with a study showing that 56% of
children aged 6 to 11 years and 66% of those aged 12 to 15 years exceeded the American Academy of
Pediatrics' recommendation of no more than 2 hours of screen time per day in 2009-2010 (Fakhouri et
al., 2013). Internationally, there have been efforts to promote PA and combat SB in children and ado-
lescents. For example, the 2016 PA and Fitness in China-The Youth Study found that PA levels had
improved in Chinese children and adolescents compared to previous studies, but that obesity rates
had also increased (Dong et al., 2019). Moreover, the COVID-19 pandemic had a significant impact on
PA levels among children and adolescents, with many experiencing decreased PA and increased SB due
to social distancing and school closures (Dunton et al., 2020). To combat the negative effects of IPA,
the PA Guidelines for Americans recommend that children and adolescents aged 6 to 17 years engage
in at least 60 minutes of MVPA each day (Piercy et al., 2018). Meeting these guidelines has been asso-
ciated with lower cardiometabolic risk factors in children and adolescents, including lower blood pres-
sure, cholesterol, and insulin resistance (Ekelund et al., 2012). The precise effects of PA on hon-com-

municable diseases, as well as the health risks associated with IPA, will be detailed in the next chapter.
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1.1.2  Effects of physical activity on noncommunicable diseases

Regular PA is associated with numerous health benefits for children and adolescents, including a re-
duced risk of developing noncommunicable diseases (NCDs) (Hallal et al., 2006; Reiner et al., 2013).
The scientific evidence supports the positive effects of PA for cardiovascular health (Kelley et al., 2022),
glucose regulation (King et al., 2007), bone health (Borer, 2005), and mental health (Biddle & Asare,

2011), and highlights the importance of promoting PA as a preventative health measure:

e Reduced risk of obesity: PA helps to maintain energy balance by increasing energy expenditure
and reducing sedentary time, which can prevent the development of obesity . Several studies have
shown that higher levels of PA are associated with lower body mass index (BMI) and reduced risk
of obesity in children and adolescents (Telama et al., 2014). In addition, PA can improve body com-
position by increasing lean muscle mass and decreasing fat mass (Lazaar et al., 2007)

e Improved cardiovascular health: Regular PA can improve cardiovascular health by increasing car-
diac output and reducing blood pressure, resting heart rate, and arterial stiffness (Kelley et al.,
2022). PA also improves blood lipid profiles by increasing high-density lipoprotein (HDL) choles-
terol and decreasing low-density lipoprotein (LDL) cholesterol and triglycerides, which are risk fac-
tors for cardiovascular disease (Woodcock et al., 2011). Several studies have shown that PA is as-
sociated with reduced risk of cardiovascular disease and improved cardiovascular function in chil-
dren and adolescents (Andersen et al., 2011).

e Reduced risk of type 2 diabetes: PA can improve glucose regulation by increasing insulin sensitivity
and reducing insulin resistance, which can prevent the development of type 2 diabetes (King et al.,
2007). Several studies have shown that PA is associated with reduced risk of type 2 diabetes and
improved glucose regulation in children and adolescents (Li et al., 2014).

e Improved bone health: PA can improve bone mineral density and bone strength, which can reduce
the risk of osteoporosis and fractures in later life (Kemper et al., 2000). Weight-bearing activities
such as jumping and running are particularly beneficial for bone health, as they create an osteo-
genic stimulus that promotes bone growth and remodeling (Borer, 2005). Several studies have
shown that PA is associated with improved bone mineral density and reduced risk of fractures in
children and adolescents (Fuchs et al., 2001).

e Improved mental health: PA can have numerous mental health benefits, including reducing symp-
toms of anxiety and depression (Biddle & Asare, 2011), improving mood and self-esteem, and en-
hancing cognitive function (Fox, 1999). Several studies have shown that PA is associated with im-
proved mental health in children and adolescents, and that exercise interventions can be effective

in treating and preventing mental health disorders (Janssen & Leblanc, 2010a).
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Yet, it isimportant to distinguish between IPA and SB in children and adolescents in the context of NCD
prevention. For instance, children and adolescents may exhibit prolonged sitting time (e.g., riding to
school in a car, sitting in class all day, and playing video games in the evening) while simultaneously
adhering to recommended guidelines for PA (e.g., one hour of soccer practice in the evening). In this
case, the negative health consequences of prolonged sitting would still manifest, even if the level of
PA is adequate (Biddle & Asare, 2011). Moreover, if behaviors such as physical inactivity and SB are
strongly entrenched in childhood and adolescence, it is expected that these patterns will persist into
adulthood (Telama et al., 2014). Therefore, from a global perspective, it is necessary to address these
behavioral patterns, particularly in young populations, in the context of primary prevention and thus
stimulate lasting health behaviour changes. While PA is widely recognized as a key determinant of
health and well-being, sustaining behavior change can be challenging. Thus, understanding the theo-
retical underpinnings of health behavior change is crucial for promoting long-term adherence to
healthy lifestyle habits. In this context, various theoretical frameworks have been proposed to explain

and predict health behavior change, which will be the focus of the next section.

1.1.3 Comprehensive Overview on Health behaviour change theories

Health behavior change theories provide a framework for understanding how individuals adopt and
maintain healthy behaviors (Nieuwenhuijsen et al., 2006). These theories explain why people may en-
gage in unhealthy behaviors and how they can be motivated to change these behaviors. The most

commonly used health behavior change theories are:

e Theory of Planned Behavior (TPB): TPB posits that behavior is driven by an individual's intentions,
which are influenced by their attitudes towards the behavior, subjective norms, and perceived
behavioral control. The attitudes refer to an individual's positive or negative evaluation of the be-
havior, the subjective norms refer to the individual's perception of social pressure to engage in the
behavior, and the perceived behavioral control refers to the individual's perception of their ability
to perform the behavior (Ajzen, 1991).

e Transtheoretical Model (TTM): The TTM proposes that individuals go through a series of stages
when engaging in behavior change, including pre-contemplation, contemplation, preparation, ac-
tion, and maintenance. The model also incorporates constructs such as self-efficacy, decisional
balance, and processes of change to explain behavior change (Prochaska & Velicer, 1997).

e Health Belief Model (HBM): The HBM posits that behavior change is influenced by an individual's
perception of the threat of a particular health problem and the perceived benefits and barriers to
taking action to reduce that threat. Other constructs included in the HBM are cues to action and

self-efficacy (Rosenstock, 1974).
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e Social Cognitive Theory (SCT): The SCT suggests that behavior change is influenced by the interac-
tion between individual factors (such as self-efficacy and outcome expectancies), environmental
factors, and the behavior itself. The theory also incorporates observational learning and reinforce-
ment as mechanisms for behavior change (Bandura, 1995).

e Self-Determination Theory (SDT): The SDT posits that individuals have innate psychological needs
for autonomy, competence, and relatedness, and that these needs must be met in order to facili-
tate behavior change. The theory also proposes that behavior change is more likely to be main-
tained when it is driven by intrinsic rather than extrinsic motivations (Ryan & Deci, 2000).

e The Health Action Process Approach (HAPA): According to the HAPA, behavior change unfolds in
two stages, namely, the motivational phase and the volitional phase. During the motivational
phase, individuals form intentions to adopt or modify a specific health behavior. The volitional
phase then involves the translation of intentions into actual behavior change through the imple-
mentation of action plans and coping strategies. This approach offers a valuable framework for
understanding and predicting behavior change processes and has been applied successfully in var-

ious domains of health behavior change research (Schwarzer, 2008).

Overall, these theories provide useful frameworks for understanding and promoting health behavior
change. By targeting the key constructs involved in each theory, interventions can be tailored to the
individual's needs and increase the likelihood of successful behavior change. Among the various theo-
retical models of health behavior change, the HAPA has gained increasing attention in recent years.,
as it provides a comprehensive theoretical framework that takes into account both motivational and
volitional aspects of behavior change and has been successfully applied to various health behaviors
and populations (Schwarzer & Luszczynska, 2008). In the following section, we will provide an overview
of the key components and stages of HAPA and discuss its implications for promoting sustained be-

havior change.

1.1.3.1 Health action process approach

The Health Action Process Approach (HAPA) is a comprehensive theoretical framework for understand-
ing and promoting health behaviors (Schwarzer & Luszczynska, 2008). It was developed by Ralf
Schwarzer and colleagues in the 1990s and has been used to explain a wide range of health behaviors,
including exercise, diet, smoking cessation, and cancer screening. It consists of three stages: pre-inten-
tional, intentional, and post-intentional and thus distinguishes between preintenders, intenders and

actors (see figure 1).

The HAPA distinguishes itself from other health behavior change models by proposing a two-stage

process for behavior change that incorporates both motivational and volitional phases. The motiva-
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tional phase involves the formation of an intention to change one's behavior and developing the nec-
essary motivation to do so. This phase is similar to the first stage in other models, such as the Theory
of Planned Behavior (TPT) or the Transtheoretical Model (TTM). However/ Additionally, the HAPA also
includes a volitional phase, in which an individual must translate their intentions into action by devel-
oping and implementing a plan. In contrast, other models often focus on identifying the key constructs
that influence behavior change (such as attitudes, self-efficacy, and social norms) but do not provide
as much guidance on how to put those constructs into action. The HAPA addresses this gap by empha-
sizing the importance of planning and self-regulation in achieving behavior change. Furthermore, the
HAPA emphasizes the role of self-efficacy in both the motivational and volitional phases, as individuals
must believe in their ability to both form an intention and carry out the behavior change plan. This
focus on self-efficacy aligns with other models such as Social Cognitive Theory (SCT), which also high-

lights the importance of individuals' beliefs in their ability to successfully engage in behavior change.

Overall, the HAPA's emphasis on planning and self-regulation in both the motivational and volitional
phase, along with its focus on self-efficacy, distinguishes it from other health behavior change models

and thereby making it a useful framework for designing effective behavior change interventions.

Pre-intentional Intentional Post- Intentional (Volitional)

Preintenders Intenders Actors

Figure 1: Visually adapted representation of the social-cognitive process model of health behaviour ("Health Action Process
Approach"”, HAPA (Schwarzer, 2008), own illustration.

Following the HAPA framework, the pre-intentional stage involves the formation of an intention to
engage in a health behavior. In this stage, individuals assess the benefits and costs of the behavior, as
well as their confidence in their ability to perform it. Two key constructs involved in this stage are
outcome expectancies and self-efficacy. Outcome expectancies refer to an individual's beliefs about
the outcomes associated with a particular behavior. Positive outcome expectancies increase the like-
lihood of forming an intention to engage in the behavior, whereas negative outcome expectancies

decrease this likelihood. Self-efficacy, on the other hand, refers to an individual's belief in their ability
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to perform the behavior. Higher levels of self-efficacy are associated with a greater likelihood of form-
ing an intention to engage in the behavior (Schwarzer & Luszczynska, 2008). The intentional stage in-
volves the translation of the intention into action. In this stage, individuals plan and implement the
behavior. Three main constructs involved in this stage are action planning, coping planning, and self-
monitoring. Action planning refers to the process of planning when, where, and how to perform the
behavior. Coping planning refers to the process of planning how to overcome barriers and obstacles
that may arise when trying to perform the behavior. Self-monitoring involves tracking and evaluating
one's progress towards the behavior change goal (Schwarzer & Luszczynska, 2008). The post-inten-
tional stage involves the maintenance of the behavior change. In this stage, individuals continue to
engage in the behavior and may encounter challenges that threaten to derail their progress. The con-
structs involved in this stage include self-efficacy, outcome expectancies, coping planning, and mainte-
nance self-efficacy. Maintenance self-efficacy refers to an individual's belief in their ability to sustain

the behavior change over time (Schwarzer & Luszczynska, 2008).

Overall, the HAPA provides a comprehensive framework for understanding the process of behavior
change and for designing interventions to promote health behaviors. By targeting the key constructs
involved in each stage of the process, interventions can be tailored to the individual's needs and in-
crease the likelihood of successful behavior change. One way do address this, is the use of various
health behaviour change techniques. The taxonomy of behavior change techniques (BCTs) suggested
by Michie et al. (2013) outlines specific strategies that can be used to facilitate behavior change. BCTs
are organized into categories such as goal setting, self-monitoring, social support, feedback, and re-
ward systems (Michie et al., 2013). These techniques can be integrated into the HAPA framework to
provide a more comprehensive approach to behavior change. BCTs can be applied in both phases of
the HAPA framework to facilitate behavior change. For example, goal setting can be used in the moti-
vational phase to establish an intention to engage in PA, and self-monitoring can be used in the voli-
tional phase to track progress and maintain behavior change. By integrating BCTs into the HAPA frame-
work, a more comprehensive approach to behavior change can be developed, which can enhance the

effectiveness of intervention (Wang et al., 2017).

To conduct a more detailed investigation of the potential for individualization within HAPA, it is essen-
tial to undertake a nuanced differentiation of the self-efficacy aspect. This will allow for a deeper un-
derstanding of the role of self-efficacy in the health behavior change process and how it can be lever-

aged to enhance the efficacy of interventions aimed at promoting healthy behavior.

1.1.3.2 Self-Efficacy model
Self-efficacy is important in the HAPA because it refers to an individual's belief in their ability to suc-

cessfully engage in and complete (health) behaviors (Bandura, 1977). When individuals have high self-
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efficacy, they are more likely to initiate and maintain healthy behaviors, as they believe they have the
skills and abilities necessary to do so (Schwarzer, 2008). In the HAPA, self-efficacy is seen as a crucial
determinant of behavior change, and interventions aimed at increasing self-efficacy are often incorpo-
rated in the process of promoting healthy behaviors. For example, if someone has high self-efficacy
beliefs for exercising regularly, they are more likely to set and achieve goals for PA, overcome barriers
to exercise, and persist in their behavior even in the face of setbacks. On the other hand, if someone
has low self-efficacy for exercise, they are expected to be less likely to start an exercise program or to
stick with it over time. Therefore, high self-efficacy is essential in the HAPA as it can lead to greater
motivation, goal attainment, and long-term maintenance of healthy behaviors. By fostering self-effi-
cacy, individuals can be empowered to take control of their health and make positive changes that can

impact their psychological well-being (Luszczynska et al., 2011).

In 2018, Picha and colleagues developed a self-efficacy model within the HAPA framework, which pos-
its that self-efficacy is a mediating variable between action planning and behavior change (Picha &
Howell, 2018). The model proposes that self-efficacy is influenced by outcome expectations, thusthe
perceived benefits and consequences of engaging in a specific behavior, and self-regulatory processes,
such as self-monitoring and self-reflection and is based on the work of Bandura (1977). The model also
highlights the importance of context-specific self-efficacy, thus an individual's confidence in their abil-
ity to perform a behavior in a specific situation. According to the model, individuals with higher levels
of self-efficacy are more likely to engage in health-promoting behaviors, while those with lower self-
efficacy may be less likely to engage in such behaviors or may require additional support to do so.
Individuals with low self-efficacy can therefore be supported by several sources of self-efficacy: Per-
formance outcomes, vicarious experiences, verbal persuasion and physiological feedback (see figure
2). The model emphasizes the importance of tailoring interventions to individuals' specific self-efficacy
beliefs and contextual factors to maximize the likelihood of behavior change. In a metanalysis, several
studies have demonstrated the utility of the self-efficacy model in predicting health behavior change
(Sheeran et al., 2016). For example, a study of PA behavior among adolescents found that self-efficacy
was a significant predictor of PA intentions and behavior (Reyes Fernandez et al., 2014). The self-effi-
cacy model within the HAPA model provides a valuable framework for understanding the role of self-
efficacy in health behavior change and for tailoring interventions to individuals' specific needs and

contextual factors.

The self-efficacy model posits that there are four primary sources of self-efficacy: mastery experiences,
vicarious experiences, verbal persuasion, and emotional and physiological states (Picha & Howell,

2018):
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Implement individualized interventions to address deficits

Positive and negative experiences can influence the People can develop high or low self-efficacy
ability of an individual to perform a given task. If vicariously through other people’s performances.
one has performed well at a task previously, they A person can watch another perform and then
are more likely to feel competent and perform well compare their competence with the other’s

at a related task (Redmond, 2010). competence (Redmond, 2010).

Self-efficacy is influenced by encouragement People experience sensations from
and discouragement pertaining to an their body and how they perceive this
individual’s performance or ability to emotional arousal influences their
perform (Redmond, 2010). beliefs of efficacy (Bandura, 1977).

Figure 2: Self-Efficacy Model (Picha et al. 2018), own illustration

1. Mastery experiences: This source of self-efficacy is based on an individual's past performance and
experiences. Success in completing a task increases an individual's confidence and belief in their
ability to perform similar tasks in the future. In contrast, failure can decrease self-efficacy. Re-
search has shown that successful experiences with PA can increase self-efficacy and adherence to
exercise regimens (Maddux, 2009)

2. Vicarious experiences: Observing others successfully performing a task can also increase self-effi-
cacy. Seeing others who are similar to oneself accomplishing a task can be particularly effective in
enhancing self-efficacy. For example, research has shown that observing peers who are physically
active can increase self-efficacy and PA behavior in adolescents (Bandura, 2004).

3. Verbal persuasion: Encouragement and positive feedback from others can also increase self-effi-
cacy. Hearing supportive words from someone who is trusted and respected can be particularly
effective in increasing self-efficacy (BarNir et al., 2011). In a study by Bandura (1995), verbal per-
suasion was found to be an effective source of self-efficacy in promoting exercise behavior.

4. Emotional and physiological states: This source of self-efficacy is based on an individual's emotions
and physiological responses to a task. Positive emotions, such as enthusiasm and excitement, can
increase self-efficacy, while negative emotions, such as anxiety and fear, can decrease it. Similarly,
physical sensations such as fatigue and pain can lower self-efficacy, while feelings of energy and

vigor can increase it (Bandura, 2004).
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Overall, self-efficacy plays an important role in motivating and maintaining PA behavior. By under-
standing and utilizing the four sources of self-efficacy, health professionals can help individuals de-
velop greater confidence in their ability to engage in PA and adhere to exercise regimens. Self-efficacy
refers to an individual's belief in their ability to execute and accomplish specific tasks or behaviors in
order to reach their desired outcomes. Research has shown that increasing self-efficacy can have a
positive impact on behavior change in various health contexts, including PA, healthy eating, and dis-
ease (Luszczynska et al., 2005). One way to implement self-efficacy into interventions is individualiza-

tion.

Within the realm of mHealth interventions, individualization is characterized as an
accommodation to the unique requirements or circumstances of an individual, and is
identified as a primary impediment to patients' adoption of health behaviors (Chen et
al., 2021; Ebrahimi et al., 2021). Individualized interventions, sometimes also referred
to as adaptive, user-centered, needs-specific, target group—specific, or tailored inter-
ventions, represent a potential avenue for providing person-centered care by adjust-
ing to varying levels of individual needs and empowering individuals to actively moni-
tor their health (Tong et al., 2021). Although non-mHealth interventions have em-
ployed individualized one-on-one meetings, which have shown high effectiveness,
they are often deemed resource-intensive and time-consuming (Kereiakes et al.,
2007; Mistry et al., 2012). As such, this approach has faced criticism for its burden on
resources. Apps can implement this approach in a more ecologically sound manner,
as they are easily accessible to a diverse range of populations (Baumann, Fiedler, et

al,, 2022).

Individualization of interventions involves tailoring the intervention to the individual's unique needs,
preferences, and characteristics. This approach has been shown to enhance the effectiveness of inter-
ventions, particularly for behavior change (Michie et al., 2014). The relationship between self-efficacy
and individualization is evident in that individualized interventions can help to enhance an individual's
self-efficacy. By tailoring the intervention to the individual's unique needs and preferences, they may
feel more confident in their ability to successfully execute the recommended behaviors or tasks, which
can in turn lead to greater behavior change success (Michie et al., 2014). For example, a study of a
home-based cardiac rehabilitation program found that individualization of the exercise prescription
based on patient preferences and abilities led to greater improvements in self-efficacy and exercise
adherence (Varnfield et al., 2014). In a study by Barkley and Fahrenwald (2013) a self-efficacy coaching
intervention with cardiac rehabilitation patients that included all four sources of self-efficacy was
found to be effective. Overall, the individualization of interventions can help to enhance an individual's

self-efficacy, which in turn can lead to greater success in behavior change (Young et al., 2020).
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To foster PA among children and adolescents by enhancing their self-efficacy, individualization strate-
gies should be employed. To achieve this, an initial analysis of the leisure activities engaged in by chil-
dren and adolescents is necessary to tailor interventions to their specific context. When designing in-
terventions to promote PA and reduce SB in children and adolescents, it is crucial to take into account

their specific types of leisure time activities.

1.1.4 Leisure activities and screen time of children and adolescents

Children and adolescents participate in a diverse range of leisure activities, which are influenced by
factors such as age, gender, culture, socioeconomic status, and personal interests. However, empirical
evidence indicates that six particular leisure activities dominate a considerable proportion of their lei-

sure time:

1. Active play: Active play has been found to promote physical fitness and reduce the risk of obesity
and other health problems among children and adolescents (Janssen & Leblanc, 2010b). It also
helps to develop gross motor skills, coordination, and balance (Guram & Heinz, 2018).

2. Creative activities: Engaging in creative activities, such as drawing, painting, and music, can im-
prove children's cognitive and emotional development (Eisenberg et al., 2006) These activities pro-
mote creativity, self-expression, and problem-solving skills.

3. Reading: Reading has been found to improve literacy skills, vocabulary, and critical thinking abili-
ties among children and adolescents (Krashen, 2011). It also promotes empathy and social skills
(Mar & Oatley, 2008).

4. Socializing with friends: Socializing with peers helps to develop social skills, emotional intelligence,
and a sense of belonging (Kucaba & Monks, 2022). Peer relationships can also provide emotional
support and help children and adolescents navigate the challenges of adolescence (Collins & Stein-
berg, 2007).

5. Gaming: Video gaming can provide entertainment and a sense of accomplishment, but excessive
gaming can have negative effects on physical health, mental health, and academic performance
(Granic et al., 2014). Moderation and age-appropriate content are key to ensure that gaming re-
mains a healthy leisure activity.

6. Television and media consumption: Some media consumption can be educational and entertain-
ing, but excessive media consumption can have negative effects on physical and mental health
(Guram & Heinz, 2018). It is important to set limits on screen time and monitor content to ensure

that media consumption is healthy and age appropriate.

Furthermore, a study byAuhuber et al. (2019) emphasizes the growing importance of screen-based

media in the lives of children and adolescents, suggesting that excessive media use may replace mor
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active leisure activities. The study highlights the extensive use of mobile phones in girls and popula-
tions of children from lower social strata, who are less physically active. The study found a decline in
arts and music-related leisure activities, but social contacts and PA remained unchanged and had a
positive interaction. As mobile phone use has significantly increased between 2011 and 2017 (Auhuber
et al., 2019), continued monitoring is essential and promoting health-conscious behaviors, such as suf-
ficient PA and limited screen time, at an early stage of child development can prevent the development

of harmful habits that can negatively impact leisure activities in adulthood.

This above-described study highlights that screen-based media and especially smartphones have be-
come ubiquitous in modern society and are increasingly being used by children and adolescents, while
gradually displacing other children's leisure activities. Studies have shown that excessive smartphone
use can lead to negative mental health outcomes in children and adolescents, including increased lev-
els of depression, anxiety, and stress (Elhai et al., 2017). Additionally, smartphone use before bedtime
has been linked to poor sleep quality, shorter sleep duration, and increased sleeping problems (Cain &
Gradisar, 2010; Exelmans & van den Bulck, 2016). There is also evidence to suggest that excessive
smartphone use can lead to addiction, particularly in children and adolescents who are more vulnera-
ble to addictive behavior (Billieux et al., 2015; Panova & Carbonell, 2018). However, it is important to
note that the effects of smartphone use in children and adolescents are not entirely negative.
Smartphone use can also have positive effects on socialization, particularly for those who may have
difficulty connecting with peers in person. It has been suggested that smartphones can help to bridge
social gaps and reduce feelings of isolation (Campbell, 2015). Smartphones can also provide opportu-
nities for enhanced learning and educational experiences, particularly through the use of educational

apps and resources (Zydney & Warner, 2016).

While there are both positive and negative effects of smartphone use in children and adolescents, it is
essential for parents and educators to monitor and regulate children's smartphone use to ensure
healthy and responsible usage. By promoting responsible smartphone use, children and adolescents
can reap the benefits of technology while avoiding the negative consequences. A potential strategy for
addressing the alterations in the leisure activities of children and adolescents, and to develop a health
psychology approach to this age group, is to utilize smartphone-based mobile health (mHealth) inter-
ventions to facilitate the initiation of health behavior modifications. Occasionally, it has been men-
tioned that the use of mHealth could lead to further increases in the already high screen time of chil-
dren and adolescents, (Carson et al., 2016; Csibi et al., 2021) which should be taken into account when
planning and implementing mHealth applications. However, while mHealth may increase screen time,
this is not necessarily the case: The representative and longitudinal MoMo study demonstrated that

increased screen time is not correlated with minutes of PA, providing various possibilities for digital
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interventions and potential avenues for novel approaches to target IPA and SB in children and adoles-

cents (Pearson et al., 2014; Schmidt, Anedda, Burchartz, Kolb, Oriwol, & Woll, 2019)

1.1.5 Interim summary of the theoretical background

In summary, the theoretical background highlights that IPA and SB are major public health concerns
for children and adolescents worldwide (Guthold et al., 2018). The COVID-19 pandemic has further
exacerbated the problem, with many experiencing decreased PA and increased SB due to social dis-
tancing and school closures (Woods et al., 2020). Regular PA has numerous health benefits for children
and adolescents, including a reduced risk of developing noncommunicable diseases (Hallal et al., 2006;
Reiner et al., 2013). To promote long-term adherence to healthy lifestyle habits, it is important to un-
derstand the theoretical underpinnings of health behavior change. Various theoretical frameworks
have been proposed to explain and predict health behavior change, with the HAPA being a compre-
hensive theoretical framework that has been successfully applied to various health behaviors and pop-
ulations (Barg et al., 2012). The HAPA emphasizes the importance of planning and self-regulation in
achieving behavior change, as well as the role of self-efficacy in both the motivational and volitional
phases (Schwarzer & Luszczynska, 2008). Health professionals can help individuals develop greater
confidence in their ability to engage in PA and adhere to exercise regimens by understanding and uti-

lizing the four sources of self-efficacy.

The preceding chapter has emphasized the significance of comprehending the fundamental principles
of health behavior change, especially in the context of PA promotion and SB reduction among young
individuals. In the current era of technological advancements, mobile health (mHealth) interventions
have surfaced as a promising approach for fostering PA and healthy lifestyle behaviors (Schoeppe et
al., 2017). mHealth interventions offer several advantages, including increased convenience, afforda-
bility, and accessibility, for promoting PA and healthy lifestyle behaviors in children and adoles-
cents(Dugas et al., 2020). They also allow for personalized and tailored interventions, increasing the
likelihood of successful behavior change (Chen et al., 2021). The next chapter aims to furnish a com-
prehensive account of the present state of research on mHealth interventions for PA promotion among
children and adolescents. Furthermore, it intends to deliberate on the prospective benefits and limi-
tations of employing mHealth interventions to instigate behavior change and offer insights for future

research endeavors in this domain.
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1.2 CURRENT STATE OF RESEARCH ON MHEALTH INTERVENTIONS

1.2.1 Evidence on mHealth interventions for all populations

mHealth interventions employ mobile technology to convey health-related guidance, support, and in-
formation, and have demonstrated effectiveness in improving health outcomes across diverse popu-
lations (Direito et al., 2017). The salient benefit of mHealth interventions lies in their accessibility and
convenience, as they can be conveniently accessed and utilized by young people in their daily lives.
mHealth interventions have demonstrated effectiveness and suitability in reducing SB and IPA in both
children and adolescents (Schoeppe et al., 2017) and adults (M6énninghoff et al., 2021). A paradox
arises in that smartphone use is criticized for exacerbating inactivity but also enables activity (Glauner,

2021).

However, a closer look at the content of mHealth interventions reveals that text messaging has been
the most commonly used method for delivering mHealth interventions (Whittaker et al., 2016), which
has recently been criticized (Walthouwer et al., 2015). Instead, more individualized approaches should
focus on appropriately responding to the realities of daily life, while taking into account the diversity
of modern societies (Davis et al., 2020). Empirically supported aspects of effective mHealth interven-

tions include:

e Integration of behavior change techniques (Michie et al., 2011), particularly addressing specific
stages of behavior change (Schwarzer, 2008) and self-efficacy (Picha & Howell, 2018).

e Interventions based on existing theoretical approaches in motivational psychology (Fiedler et al.,
2020)

e Temporal and spatial adaptation of the intervention time, e.g. just-in-time-adaptive-Interventions
(JITAI) (Fiedler et al., 2023; Hardeman et al., 2019)

e Integration of interactive features and gamification techniques (King et al., 2013)

e Individualization of interventions based on biofeedback (Davis et al., 2020)

e Integration of multiple co-acting behavior change mechanisms (Dugas et al., 2020)

However, there are currently only few interventions with these evidence-based features. Chen and
colleagues point out that the design of mHealth interventions often lacks a theory-driven approach
and places little emphasis on evidence-based content (Chen et al., 2021; Han & Lee, 2018) A further
challenge associated with mHealth interventions emerges when meta-analyses condense prior re-
search, which highlights outcomes that are deemed supplementary rather than integral to the inter-

vention (Copas et al., 2018).
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In summary, mHealth interventions have been shown to be effective in improving health outcomes in
a variety of populations. The accessibility and convenience of mobile technology make it an ideal plat-
form for delivering health-related information. While some have criticized the use of smartphones for
exacerbating inactivity, mHealth interventions have shown promise in promoting healthy behaviors.
Empirically supported aspects of effective mHealth interventions include the integration of behavior
change techniques, motivational psychology theories, JITAI, interactive features and gamification tech-
niques, individualization based on biofeedback, and the integration of multiple co-acting behavior
change mechanisms (Fiedler et al., 2020) . However, there is a lack of theory-driven approaches and

evidence-based content in many mHealth interventions (Bohm et al., 2019).

As mHealth interventions demonstrated effectiveness in improving health outcomes across diverse
populations, it is important to consider the specific needs and characteristics of different age groups.
In particular, mHealth interventions for children and adolescents require a tailored approach that takes
into account their unique developmental stage and daily life experiences (Schoeppe et al., 2017).
Therefore, this section will focus on the evidence and challenges of implementing mHealth interven-

tions for children and adolescents.

1.2.2  Evidence on mHealth interventions for children and adolescents

There are currently more mHealth interventions for healthy adults aimed at reducing IPA and SB than
for healthy children and adolescents (Bohm et al., 2019; M&nninghoff et al., 2021). In one of the few
reviews on mHealth for healthy children and adolescents, Schoeppe and colleagues (2017) found an
overall moderate quality of health apps, but a positive correlation between app quality, the number
of app functions, and integrated behavior change mechanisms. Future apps should therefore aim to
engage users, be tailored to specific populations, and be based on theories of health behavior change
(Schoeppe et al., 2017). Bohm and colleagues additionally criticize the quality of mHealth interventions
for children and adolescents and suggest that more age-appropriate solutions are needed (Bohm et
al., 2019). The results of other reviews suggest that smartphone-based mHealth interventions (partic-
ularly apps) are a versatile strategy for increasing PA and steps in children and adolescents (He et al.,
2021). For example, Laranjo et al. (2021) found an average increase of 1850 steps per day after an
mHealth intervention. Another randomized controlled trial conducted by Lubans et al. (2016) showed
that an mHealth intervention using a smartphone app significantly increased PA levels and reduced SB
in adolescent boys. An additional randomized controlled trial by Feter et al. (2018) found that a web-
based mHealth intervention combined with pedometer use was effective in increasing PA levels in

sedentary adolescent girls.

Overall, there is growing evidence supporting the effectiveness of PA-focused mHealth interventions

in children and adolescents (Dawson et al., 2020). A systematic review and meta-analysis by Peng et
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al. (2020) found that mHealth interventions, including smartphone apps and wearable devices, can
significantly increase PA levels in children and adolescents. A further systematic review by He et al.
(2021) also reported positive outcomes of mHealth interventions on PA in children and adolescents,
with particular emphasis on smartphone-based apps. However, further research is needed to explore
the long-term effectiveness of these interventions and to identify the most effective intervention com-
ponents for different populations. Eckert et al. (2022) suggest four key elements for the further devel-
opment of mHealth interventions for children and adolescents to improve their effectiveness and sus-

tainability (figure 3):

Developmental stages

1. Developmental stage adjustment

Digital health literacy

Family dynamics
Key elements 2. Social system integration
of mHealth
Interventions for

School & Peer group

Pedagogical approaches

children and

adolescents 3. Theoretical foundation

Behaviour change techniques

Individualization

4. Context- and preferential adjustment

Adaptive assessment, JITAI

Figure 3: Key elements for the development and implementation of mHealth interventions to promote physical activity in
children and adolescents (Eckert et al., 2022) (simplified, adapted and translated illustration)

These four areas (Developmental stage adjustment, social system integration, theoretical foundation
as well as context and preferential adjustment) represent developmental domains for mHealth inter-
ventions, where research is still in its infancy and essential research gaps exist. The following chapters
serve to systematically identify these gaps by subdividing the four core elements into various subcat-
egories. The "Developmental Stage Adjustment” - domain focuses on the development stage and the
cultivation of digital health literacy at each stage. The "Social System Integration" - domain subdivides
into family, school, and peer groups, each bringing unique dynamics. The "Theoretical Foundation" -
domain addresses pedagogical approaches and evidenced-based behavior change techniques. Finally,
the "Context- and Preferential Adjustment" - domain highlights new research areas such as JITAI, adap-
tive assessment, and individualization of mHealth interventions for children and adolescents. These
categories systematize current research gaps yet remain subsidiary towards a PA-related behavioral

health change in children and adolescents through participation in mHealth interventions.
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1.2.3 Importance of developmental adjustment of mHealth interventions

Developmental stage adjustment is important in mHealth for children and adolescents because their
cognitive, emotional, and social development influences the individuals capacity to understand and
engage with health information and technology (Diviani et al., 2016). Children and adolescents have
different levels of digital health literacy and technological skills, depending on their age and develop-
mental stage (Taba et al., 2022). Thus, interventions that do not consider developmental differences
may not be effective in promoting health behaviors or may even be harmful (Latkin & Knowlton, 2015).
For instance, if an mHealth intervention is designed for adolescents but not adapted to their cognitive
abilities, it may use complex language or irrelevant content, resulting in disengagement or even nega-
tive outcomes. Therefore, by considering the developmental stage of children and adolescents,
mHealth interventions can be tailored to meet their specific needs and increase the chances of suc-

cessful outcomes.

1.2.3.1 Importance of developmental stages for of mHealth interventions

Younger children may have limited attention spans and may require simpler and more interactive in-
terventions that incorporate gamification and visual aids to enhance their engagement. Adolescents,
on the other hand, may desire more autonomy and control over their health information and may
benefit from interventions that incorporate social media and peer support (Chung et al., 2021). Table
1 summarizes the different stages of child development from infancy to late adolescence (0-21 years)
with a focus on physical, cognitive, and social/emotional development. It also highlights the role of the
family in shaping a child's development, including their impact on a child's self-esteem, emotional reg-
ulation, socialization, identity formation, and decision-making skills. The table includes references for
further reading and acknowledges that the family's role in child development is multifaceted and in-
fluenced by cultural and societal factors. In the process of childhood development, individuality only
emerges when a child recognizes contextual influences on their own behavior and perception of others
and begins to qualify their own characteristics, such as when prompted to describe themselves (Harter,
2003). The concept of self-efficacy (Bandura, 1977), which is also integrated into existing models of
behavior change (e.g., the HAPA model) (Schwarzer & Luszczynska, 2008), plays a special role in this
process. The development of a child's individuality is not fully realized until late adolescence (Table 1),
with personality traits manifesting in grades 7 to 9. Adolescents typically describe themselves in spe-
cific contexts, leading to inconsistencies in their self-concept. Recognizing contradictory contents in
their self-concept is a common source of stress during these years, but this inner stress can benefit

adolescents by promoting structural psychological development (Harter & Monsour, 1992).
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Table 1: Developmental stages of Children and Adolescents
Age Physical Develop- Cognitive De-  Social and emo- Role of Family References
Group ment velopment tional Develop-
ment

Infancy Growth in weight Preverbal Attachment, Primary care- Berger, K. S.
(0-2 and height, motor skills, object development of  giver for sup- (2020). The de-
years) development, sen- permanence emotions port, affection,  veloping person

sory development and stimulation  through the

lifespan.

Child- Slower growth, im-  Symbolic Self-concept, Emotional sup-  Berk, L. E. (2002).
hood provement in coor-  thinking, lan- moral reason- port, supervi- Child develop-
(3-8 dination, fine motor guage devel- ing, peer rela- sion, socializa- ment.
years) skills, sensory de- opment, imag- tionships tion

velopment ination
Early Ad-  Growth spurt, pu- Abstract Identity, self-es- Emotional sup-  Santrock, J. W.
olescence berty, changes in thinking, logi-  teem, emo- port, parental (2017). Life-span
(9-12 body coordination cal reasoning tional instability monitoring, development.
years) modeling of be-

havior
Mid Ado-  Continued growth Hypothetical Peer relation- Emotional sup-  Arnett, J. J.
lescence spurt, sexual matu-  thinking, fu- ships, romantic  port, autonomy (2016). The Ox-
(13-17 ration ture planning, relationships, support, moni-  ford handbook of
years) identity con- risk-taking be- toring, guid- emerging adult-
solidation havior ance hood.

Late Ado-  Physical matura- Abstract Identity for- Emotional sup-  Erikson, E. H.
lescence tion, completion of  thinking, logi-  mation, emo- port, guidance,  (1969). Identity:
(18-21 puberty cal and critical  tional stability, financial sup- Youth and crisis.
years) thinking independence port, transition

to adulthood

A research gap therefore exists in addressing this stress and determining when and in what form the

individualization of mHealth interventions is appropriate. While there has been progress in research

on mHealth development in children and adolescents, there are still research gaps regarding the ad-

aptation of mHealth interventions to the different developmental stages:

e Animportant research gap is the development of evidence-based mHealth interventions that take

into account the specific needs and preferences of different age groups. There are concerns re-

garding the development of mHealth interventions that may not be tailored to the abilities and

cognitive developmental stages of children and adolescents.

o Another research gap is the need for better validation of mHealth interventions across different

age groups. It is important that mHealth interventions are not only culturally validated but also

age-appropriately validated to ensure that they are effective and safe.



Introduction Page |19

e Finally, there is also a need for improved collaboration between mHealth intervention developers
and clinical professionals to ensure that the interventions are aligned with the needs of children

and adolescents.

Overall, the challenge is to design mHealth interventions that are not only effective but also tailored
to the developmental needs of children and adolescents. However, with the increasing use of digital
technologies in healthcare, young people need to be able to navigate these tools effectively to make

informed decisions about their health and critically reflect on that (Taba et al., 2022).

1.2.3.2 Importance of digital health literacy for mHealth interventions
Digital health literacy refers to the ability to find, understand, evaluate, and use digital health infor-
mation to make informed health decisions. In children and adolescents, digital health literacy can man-

ifest itself in various ways over time as they grow and develop (Dadaczynski et al., 2021).

Paige et al. (2018) found that in infancy and early childhood, children are exposed to digital health
information through media and their parents. At this stage, they may develop basic skills in using tech-
nology, such as touch screens and voice commands, to access health-related content. They may also
learn about health and safety practices through interactive games and videos designed for young chil-
dren. In middle childhood, children become more independent in using technology and may begin to
search for health information online. They may also start to develop critical thinking skills to evaluate
the credibility of digital health information and understand the potential risks and benefits of certain
health behaviors. During early adolescence, adolescents may become more curious and interested in
health-related topics, such as puberty, sexuality, and mental health. They may use social media and
other online platforms to seek information and connect with peers who share similar concerns. At this
stage, digital health literacy can help adolescents navigate conflicting information and identify reliable

sources of health information.

In mid-adolescence, adolescents may become more engaged in managing their own health, such as
making appointments with healthcare providers, accessing their medical records, and using health-
related apps to monitor their physical and mental health. Digital health literacy can help adolescents
make informed decisions about their health and well-being and communicate effectively with
healthcare providers. In late adolescence, young adults may face new health challenges, such as tran-
sitioning to independent living, managing chronic conditions, and making decisions about sexual and
reproductive health. At this stage, digital health literacy can help young adults access and use online

resources to support their health and well-being (Paige et al., 2018).
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The state of research on digital health literacy among children and adolescents is still emerging, but it
is increasingly recognized as an important area of study in the field of health communication and edu-
cation. This is due to the widespread use of digital technologies in healthcare, and the need for children
and adolescents to be able to navigate and make informed decisions about their health in these con-
texts (Sgrensen et al., 2012). Recent studies have highlighted the challenges that children and adoles-
cents face in developing digital health literacy. For example, research has shown that many young
people lack the skills to critically evaluate health information on digital platforms, such as social media
and health apps (Diviani et al., 2016; H. Kim & Xie, 2017). They may also struggle with understanding
technical language or medical terminology used in digital health resources (Reen et al., 2019). Moreo-
ver, young people may not always have the support or guidance they need to develop DHL from par-
ents, teachers, or healthcare providers (Stellefson et al., 2011). Lastly, digital health literacy can em-
power children and adolescents to take an active role in managing their health and prevent them from
engaging in risky behaviors, such as using unverified health products or misinformation (Stassen et al.,

2020).

To promote digital health literacy among children and adolescents, interventions are needed that tar-
get the specific challenges and needs of this population (Kayser et al., 2018). Such interventions may
include educational programs that teach digital health literacy skills, as well as the development of
digital health resources that are designed to be accessible and comprehensible to young people (Divi-
ani et al., 2016). Additionally, it is important to involve parents, teachers, and healthcare providers in
promoting digital health literacy among young people. In conclusion, digital health literacy is an im-
portant area of research and practice in promoting the health and well-being of children and adoles-
cents. Further research is needed to identify effective interventions that promote digital health literacy
among this population. While there has been increasing research attention on digital health literacy
among children and adolescents in recent years, there are still several research gaps that exist in this

area:

e The need to explore developmental differences in digital health literacy is supported by previous
research, such as the study by Paige et al. (2018), which found that adolescents had higher digital
health literacy scores than younger children.

o Therole of parents and caregivers in children's digital health literacy is highlighted in the literature,
as in the study by Diviani et al. (2016) which identified parents as key influencers on children's
health-related Internet use.

e The needto explore digital health literacy in low-income communities is supported by several stud-
ies, such as the systematic review by Diviani et al. (2016), which found that individuals from low-

income backgrounds had lower levels of digital health literacy (Norman & Skinner, 2006).
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e The methods by which digital health literacy can be effectively fostered within the school environ-
ment, with the aim of promoting reflective and responsible use of mHealth applications among

mid-adolescents, remain unclear.

Understanding developmental stages and digital health literacy in children and adolescents is im-
portant for designing effective interventions to promote health behavior change. However, social sys-
tems such as the family, peers, and school also play a critical role in shaping health beliefs and behav-
iors of children. Hence, it is essential to explore the role of social systems in engaging with mHealth

interventions, which is the focus of the next section.

1.2.4 Importance of social systems for mHealth interventions

Integrating mHealth interventions for children and adolescents into social systems, such as families,
peers, and schools, is important as social systems play a crucial role in shaping health beliefs, behav-
iors, and outcomes in this population (Ryan, 2009). By involving social systems in mHealth interven-
tions, children and adolescents may receive more support, motivation, and reinforcement to engage
in health behaviors and adopt healthy habits. For example, if an mHealth intervention is integrated
into the school curriculum, it may provide children and adolescents with opportunities to learn and
practice healthy behaviors in a supportive and structured environment. Likewise, if parents are in-
volved in the design and implementation of an mHealth intervention, they may provide guidance and
support to their children, promote the use of the technology, and reinforce positive health behaviors.
Moreover, involving social systems in mHealth interventions may enhance the sustainability and scala-
bility of the intervention, as it may leverage existing networks and resources. Therefore, integrating
mHealth interventions for children and adolescents into social systems can enhance the effectiveness,

acceptability, and sustainability of the intervention and ultimately lead to better health outcomes.

1.2.4.1 Importance of family dynamics for mHealth Interventions

As highlighted in table 1, families have a significant impact on the health and well-being of children
and adolescents. Research has consistently shown that family factors, such as parenting practices, fam-
ily functioning, and family environment, are strongly associated with children's physical, emotional,
and cognitive development (Fiese et al., 2000; Grolnick & Pomerantz, 2009). For instance, family in-
volvement in PA has been associated with higher levels of PA and better health outcomes among chil-
dren and adolescents (Dunton et al., 2015). Additionally, the family environment, such as the availa-
bility of healthy food choices, has been linked to the development of healthy eating habits and reduced
risk of obesity in children (Cullen et al., 2001). Understanding the role of family in children's health and

well-being is crucial for developing effective health interventions and promoting healthy behaviors. By
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addressing family and social factors, health interventions can be tailored to the unique needs and con-
texts of children and adolescents, leading to improved health outcomes and reduced health disparities
(Brownson et al., 2009) In summary, the family as a social systems plays a critical role in the develop-
ment of children and adolescents and has significant implications for their health and well-being, but
further research is needed to effectively include families into mhealth interventions for children and

adolescents:

e Thereisa lack of clarity on the optimal ways to involve families in mHealth interventions. Although
there is evidence that involving families can enhance the effectiveness of mHealth interventions,
there is still limited understanding of the optimal ways to involve families in these interventions
(Hynynen et al., 2016).

e The understanding of the mechanisms through which family involvement influences health out-
comes is limited. While it has been shown that involving families can lead to better health out-
comes for children and adolescents (Carman et al., 2013; Carter, 2002), there is still limited under-
standing of the mechanisms through which family involvement influences these outcomes.

e Thereis a need for more culturally sensitive and contextually relevant mHealth interventions that

take into account the diverse needs and preferences of families from different backgrounds.

1.2.4.2 Importance of school & peer groups for of mHealth interventions

Similarly, to families, other social systems, including peers, schools, and community resources, play a
crucial role in shaping children's health behaviors and outcomes (Bronfenbrenner, 1994). Several stud-
ies have investigated the integration of school and peer groups in mHealth interventions for children
and adolescents. School-based mHealth interventions have been found to be effective in promoting
healthy behaviors (Sallis et al., 2000), such as PA and healthy eating habits, through the provision of
tailored and interactive content that can be accessed through mobile devices (Hynynen et al., 2016).
Moreover, peer-based interventions have been shown to be effective in promoting positive health
behaviors and providing social support (Golsteijn et al., 2017). For example, a study conducted in the
Netherlands found that a school-based intervention that used peer influence to promote PA among
adolescents was effective in increasing their MVPA levels (Golsteijn et al., 2017). Additionally, the use
of social media platforms, such as Facebook and Twitter, has the potential to enhance the reach and
impact of mHealth interventions among school-aged children and adolescents by providing a platform
for social support, communication, and engagement (Hynynen et al., 2016). While there is promising
evidence on the integration of school and peer groups in mHealth interventions for children and ado-

lescents, there are also several research gaps that need to be addressed:

e One major research gap is the need for more rigorous and standardized evaluation of these inter-

ventions, including the use of larger sample sizes and more comprehensive outcome measures.
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e Additionally, there is a lack of research on the potential negative effects of school and peer-based
mHealth interventions, such as increased screen time and social comparison.

e Another gap is the need to explore the optimal strategies for engaging and motivating school and
peer groups to participate in these interventions, as well as the sustainability of their effects over

time.

The integration of social systems, such as families, peer groups, and schools, has been identified as a
critical factor in the success of mHealth interventions for children and adolescents (Kruk et al., 2022).
However, while incorporating these systems into intervention design holds promise for improving out-
comes, there is a need for an increased focus on the theoretical underpinnings of mHealth interven-
tions. In particular, incorporating established models and theories from relevant fields such as health
behavior and communication can help to ensure the effectiveness and sustainability of mHealth inter-
ventions. Therefore, the next chapter will explore the importance of integrating scientific theory and
models into the development and implementation of mHealth interventions for children and adoles-

cents.

1.2.5 Importance of theoretical foundation of mHealth interventions

Incorporating established models and theories from relevant fields such as health behavior and com-
munication can help to ensure the effectiveness and sustainability of mHealth interventions for chil-
dren and adolescents. Models and theories provide a framework for understanding the underlying
mechanisms of health behaviors,for identifying the most effective strategies for promoting behavior
change and for increasing the likelihood of lasting effects. However, research is needed for under-
standing the most effective ways to translate these theories into practice and on how to tailor inter-
ventions to specific populations, as well as how to effectively engage and motivate individuals to use
these interventions over time. In the context of mHealth interventions for children and adolescents,
the following two sections hapters explore strategies for integrating evidence-based pedagogical ap-
proaches and implementing behavior change techniques, including goal setting, in order to promote

effective intervention outcomes.

1.2.5.1 Importance of pedagogical approaches for mHealth interventions
mHealth applications use various pedagogical approaches depending on their intended purpose and
target audience. Some of the commonly used approaches include behaviorism, cognitivism, construc-

tivism, and social learning theory.

Behaviorism focuses on observable behavior and external stimuli that shape behavior through rein-
forcement and punishment. Many mHealth interventions for behavior change, such as smoking cessa-

tion or weight management, use behaviorism principles to reinforce positive behaviors and discourage
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negative ones . For example, the Quit Genius app uses behavioral strategies like positive reinforcement
and cognitive restructuring to help users quit smoking (Abroms et al., 2017). Cognitivism emphasizes
the internal thought processes of learners and the role of mental structures in acquiring and organizing
knowledge. Many educational apps that aim to enhance cognitive skills, such as memory, attention,
and problem-solving, use cognitivist approaches (Harasim, 2017). For example, the Lumosity app uses
games and challenges to improve cognitive skills by targeting specific mental processes (Fisher et al.,
2014). Constructivism views learning as an active process where learners construct meaning from their
experiences and interactions with the environment (MaclLeod et al., 2022). Many mHealth apps that
focus on patient education and self-management use constructivist approaches. For example, the My
Asthma app uses a constructivist approach to teach asthma management by allowing users to create
an individualized asthma action plan based on their symptoms and triggers (Strickland et al., 2017).
Social learning theory emphasizes the importance of social interactions and modeling in learning
(Chuang, 2021). Many mHealth interventions that target social support and behavior change use social
learning theory principles. For example, the Fitbit app uses social support and accountability features
to encourage PA and healthy habits (Lyons et al., 2014). Overall, pedagogical approaches used in
mHealth interventions play a crucial role in achieving their intended outcomes and are rarely ad-
dressed in existing mHealth interventions for children and adolescents. This is a relevant consideration
to bear in mind with regards to the customization of mHealth applications. By incorporating evidence-
based pedagogical principles, mHealth interventions could effectively promote health behavior change

and improve patient outcomes.

While there is some research on the use of evidence-based pedagogical approaches in mHealth inter-

ventions for children and adolescents, several research gaps exist:

o Thereis aneed for further research on how to adapt and implement pedagogical strategies in ways
that are engaging and effective for younger populations, while also accounting for the unique fea-
tures and limitations of digital platforms.

e More research is needed to assess the impact of using evidence-based pedagogical approaches on
behavior change outcomes and long-term health outcomes for children and adolescents partici-
pating in mHealth interventions.

e Furthermore, there is a research gap in identifying which of the described pedagogical approaches

work best or whether a combination of approaches is more effective.

Having discussed various pedagogical approaches in mHealth interventions for children and adoles-

cents in the previous section , we now turn to the behavior change mechanisms that underlie effective
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mHealth interventions. By examining the specific BCTs ((Michie et al., 2014) used in these interven-
tions, we can gain a deeper understanding on how mHealth technology can be leveraged to promote

positive behavior change and improve health outcomes in children and adolescents.

1.2.5.2 Importance of behavior change techniques for mHealth interventions

Integrating behavior change techniques (BCTs) into mHealth interventions for children and adoles-
cents is crucial for improving health outcomes in this population. Research has shown that BCTs are
effective in promoting behavior change and can be delivered through mHealth technology to enhance
intervention effectiveness. For example, a systematic review of mHealth interventions for obesity pre-
vention in children and adolescents found that interventions that incorporated BCTs, such as self-mon-
itoring, goal setting, and feedback, were more effective in promoting healthy behaviors than interven-
tions that did not include these techniques (Chen et al., 2015) Furthermore, the use of mHealth tech-
nology allows for the delivery of tailored and personalized feedback and support, which can enhance
the effectiveness of the intervention. This can be particularly important in children and adolescents,
as compared to adults they may require different types of support and feedback to facilitate behavior
change (Michie et al., 2013). In addition, establishing healthy behaviors during childhood and adoles-
cence can have long-term implications for health outcomes in adulthood. Therefore, promoting
healthy behaviors early in life through mHealth interventions that incorporate BCTs can have a signif-
icant impact on improving overall health outcomes (Paige et al., 2018). To summarize, integrating BCTs
into mHealth interventions for children and adolescents is an evidence-based approach that can pro-

mote behavior change and improve health outcomes in this population.

Although the use of BCTs in mHealth interventions for children and adolescents has shown promise in
promoting positive behavior change and improving health outcomes, there are still some research gaps

in this field.

e One research gap is the need for further development and validation of mHealth interventions
that incorporate BCTs for specific health behaviors like PA in children and adolescents.

e Another research gap is the need to examine the optimal delivery methods and formats for BCTs
in mHealth interventions for children and adolescents. For example, while some interventions
have used text messaging or smartphone apps to deliver BCTs, other modes of delivery, such as
virtual reality or social media, may be more effective for certain populations or health behaviors.

e There is a need to identify the key factors that influence the effectiveness of BCTs in mHealth
interventions for children and adolescents. This includes examining how factors such as age, gen-
der, cultural background, and socioeconomic status may impact the uptake and effectiveness of

BCTs in this population.
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e The specific physical activity and health goals that can be realistically achieved within a family-

oriented framework involving children and adolescents are yet to be clearly defined.

By leveraging the unique capabilities of mHealth technology, healthcare professionals and developers

can provide tailored and personalized interventions that are effective in promoting healthy behaviors.

1.2.6 Importance of context and preferential adjustment for mHealth interventions

1.2.6.1 Importance of individualization for mHealth interventions

A potential approach to addressing IPA and SB in children and adolescents is through the individuali-
zation of digital health applications, which are also referred to as adaptive, differentiated, needs-spe-
cific, audience-specific, tailored, or personalized interventions (Chen et al., 2021). In the educational
setting, individualization has long been practiced under the term "Inner Differentiation" (Klafki &
Stocker, 1976; Trautmann & Wischer, 2009) to address the heterogeneity of school classes. In the con-
text of mHealth, individualization is defined as the adaptation to the needs or special circumstances of
an individual and the lack of individualization has been identified as one of the main barriers that pre-
vent children and adolescents from changing their health behavior (Chen et al., 2021; Maron et al.,

2010)

Individualized interventions offer a way to conduct person-centered interventions by varying individ-
ual needs. Examples for individualization are: Personalized feedback (providing tailored guidance
based on users' specific health goals, physical activity levels, and preferences), Goal-setting (establish-
ing individualized, SMART goals to increase motivation and adherence to the intervention), Gamifica-
tion (Incorporating game-like elements to enhance user engagement and motivation), personalized
reminders (Delivering context-specific reminders to engage in physical activity and other health-pro-
moting behaviors) anyy many more (Tong et al., 2021). The higher effectiveness of individualized in-
terventions compared to non-individualized interventions has been repeatedly demonstrated in vari-
ous populations, particularly in adults (Broekhuizen et al., 2012; Laranjo et al., 2021), but not yet in
children and adolescents, although several randomized controlled studies on this topic exist. For in-
stance, the MOPO study examined the effects of a gamified and individualized mHealth intervention
and has not been cited in any known meta-analyses to date (Pyky et al., 2017). Another example is the
intervention by Moreau and colleagues (Moreau et al., 2015), which is a fully automatic, theory-guided
tailored intervention. However, it should be noted that individualization in the context of child devel-
opment means something different than in adults. Unlike adults, children have distinct physical, cog-
nitive, and emotional developmental stages that must be taken into consideration. For example,
younger children may require more guidance and support from their social enviroment to engage in

physical activity, while older children may exhibit greater autonomy and self-motivation. The use of
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individualization in mHealth interventions for children and adolescents is an emerging area of research,

and there are several research gaps that need to be addressed in this field:

e One research gap is the need for further development and validation of individualized mHealth
interventions for specific health behaviors and outcomes in children and adolescents. While some
studies have shown promising results for certain health behaviors, such as PA, more research is
needed to determine the most effective strategies for tailoring interventions to individual charac-
teristics and preferences.

e The specific type and intensity of individualization required to optimize the effectiveness of phys-
ical activity-based mHealth interventions remain unclear.

e Another research gap is the need to identify the most effective methods for individualizing
mHealth interventions for children and adolescents. This includes examining the role of different
types of data, such as self-reported information or sensor-based data, in developing and refining
individualized interventions.

e Further research is needed to find the optimal balance between standardization and individualiza-
tion in mHealth interventions for children and adolescents and to investigate the potential plateau
effect of integrating individualized elements into mHealth interventions.

e The extent to which individualization is required, and how this need may differ across different
age groups, in order to optimize the effectiveness of mHealth interventions aimed at reducing SB

and increasing PA in children and adolescents remains unclear.

Adaptive assessment and JITAIl are advanced forms of individualization in mHealth interventions for
children and adolescents. Adaptive assessment allows for personalized assessment and monitoring of
health behaviors and outcomes, while JITAI provide tailored support and guidance in real-time based

on individual needs and preferences (Hardeman et al., 2019).

1.2.6.2 Importance of adaptive assessment for mhealth interventions

Adaptive assessment and JITAI are promising approaches in mHealth interventions for children and
adolescents (Fiedler et al., 2023). Adaptive assessment involves tailoring the intervention to the spe-
cific needs and characteristics of each individual, while JITAI deliver support at the moment of need. A
meta-analysis by Wang and Miller (2020) found moderate to large effect sizes for JITAl and identified
two aspects of tailoring, namely: (1) tailoring to what (i.e., tailoring to both people’s previous behav-
ioral patterns and their current need states; with these effects additive) and (2) approach to tailoring
(i.e., both using a human agent and an algorithm to determine the tailored feedback; with these effects

additive), to be significantly associated with greater JITAI effectiveness (Wang & Miller, 2020).
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Since adaptive assessment and JITAl in mHealth interventions for children and adolescents is a rela-

tively new field, there are still many research gaps:

e For example, it is unclear whether data-based triggers for interventions can trigger stress and
overwhelm children and adolescents.

e In addition, research is needed to determine what types of health data provide the best foun-
dation for adaptive assessment and JITAI

e Further development of algorithms is needed to achieve context and preference-specific ad-

justment tailored to the individual.

1.3 RESEARCH QUESTION AND HYPOTHESES
The objective of this chapter is to address the research gaps identified in the preceding chapter by

investigating the influence of mHealth interventions on diverse age groups and developmental stages.
The inquiry encompasses factors such as effectiveness, family integration, individualization, and digital
health literacy, as depicted in figure 3. The chapter centers on the research questions and hypotheses
of this thesis that explores the factors pertinent to the individualization of mHealth interventions for
children and adolescents and employs a graphical representation of the theoretical background, cur-
rent state of research, and research gaps in this field. Figure 4 represents a visualization of the research
project presented in this thesis, which aims to explore the factors relevant to mHealth interventions
for children and adolescents. The figure provides a graphical representation of the theoretical back-
ground, the current state of research, and the research gaps in this area. The factors relevant to
mHealth interventions for children and adolescents include effectiveness, family integration, individu-
alization, and digital health literacy. To better understand the impact of these, the literature references
across different age and developmental stages were analyzed and mapped. The figure shows that the
research project comprises four research questions. The first research question seeks to investigate
the influence of mHealth interventions on children and adolescents within the age range of 0 to 21
years. The focus of the inquiry is to evaluate the effectiveness of mHealth interventions across various
age groups, highlighting the importance of integrating families into such interventions, tailoring them
to individual needs, and fostering digital health literacy development. The second research question
focuses on children and early adolescents aged 8-12 years. This phase is characterized by the increasing
potential effectiveness of mHealth interventions, while individualization is still of little importance.
Family involvement is particularly important in this phase, resulting in a zone of desired effects that is
addressed in this study. The third research question pertains to target groups in middle adolescence
aged 13-17 years. This phase is characterized by increasing independence from the family, increasing

individuality, and digital health skills. The fourth and final research question relates to late adolescence
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or adulthood. In this phase, the need for individualization due to complex everyday realities and sim-

ultaneously high digital health literacy exceeds the effectiveness, creating another zone of desired ef-

fects.
Infancy Childhood Early Middle Late
adolescence adolescence adolescence
+
R4
R3 !

/'

R2

/

R1
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Figure 4: Proposed research question model to illustrate the assumed temporal course of effectiveness of mHealth interven-
tions, the relevance of involving the family environment, the need for individualization, and the manifestation of digital health

competence, categorized according to childhood developmental stages. The model includes arrows indicating the age groups
to which the individual research questions refer.

Ri: What is the impact of individualization and age as moderators on the effectiveness of mHealth

interventions for reducing SB and IPA in children and adolescents?

e Hii: The effectiveness of mHealth interventions for children and adolescents increases with age.
e Hi,: Individualization is not as crucial for the effectiveness of mHealth interventions in children

and early adolescents as it is in mid-adolescents and late adolescents.

R2: What are the feasible mHealth-based physical activity and health objectives that can be accom-

plished within the family framework involving early adolescents?

e H,i: Parental and early adolescent physical activity and health goals partially intersect.
e H,.: Social systems engagement, particularly family, is more appropriate and beneficial for infants,

children and early adolescents rather than for mid and late adolescents.
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Rs: How can digital health literacy be promoted within the school setting to ensure reflective and re-

sponsible use of mHealth applications among mid adolescents?

e Hsi: Both physical education teachers and mid adolescent students show digital health literacy
deficits.

e Hs.: Given the high proportion of practical elements and facilities required, the conditions for
teaching digital health literacy in physical education differ considerably compared to other disci-

plines.

Rs: How does individualization affect the effectiveness of physical activity-based mHealth interven-

tions?

®  Hai: Individualized mHealth interventions show higher effectiveness on late adolescents and
adults compared to non-individualized interventions.
e Haz: Promoting physical activity effectively with Individualized mHealth interventions benefits var-

ious other health outcomes.

2 CUMULATIVE PART OF THE DISSERTATION

2.1 WHAT IS THE IMPACT OF INDIVIDUALIZATION AND AGE AS MODERATORS ON THE EFFECTIVE-
NESS OF MHEALTH INTERVENTIONS FOR REDUCING SEDENTARY BEHAVIOR AND INSUFFICIENT
PHYSICAL ACTIVITY IN CHILDREN AND ADOLESCENTS?

The following publication has been published in relation to this research question:

Baumann, H., Fiedler, J., Wunsch, K., Woll, A., & Wollesen, B. (2022). MHealth Interventions to Reduce
Physical Inactivity and Sedentary Behavior in Children and Adolescents: Systematic Review and Meta-
analysis of Randomized Controlled Trials. JMIR MHealth and UHealth, 10(5), e35920.
https://doi.org/10.2196/35920

2.1.1  Introduction

Children and adolescents increasingly do not meet PA recommendations. Hence, IPA and SB among
children and adolescents are relevant behavior change domains for using individualized mobile health
(mHealth) interventions. Although several review papers (Bohm et al., 2019; He et al., 2021; Lee et al.,
2019; Schoeppe et al., 2017) have been published on health-related PA promotion in the context of
mHealth for children and youth, none of these works focus on reducing physical inactivity and SB in
children and youth. The article discusses the prevalence of IPA in children and adolescents worldwide,

which is mainly due to time spent on SB such as sitting and playing video games. This trend has negative
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health consequences and is expected to persist into adulthood. The article suggests mobile health in-

terventions as a way to reduce physical inactivity and SB.

The authors emphasize the importance of personalized approaches and the integration of behavior
change techniques. The quality of mobile health interventions for children and adolescents is criticized,
and the authors suggest that more age-appropriate solutions are needed. The article also mentions
the possibility forincreased screen time with the use of mobile health interventions, but also highlights
that there is evidence that this may not necessarily be the case. The authors' final assertion under-
scores the significance of tailored interventions that can be customized to an individual's unique re-
guirements. Such interventions serve to empower individuals to proactively monitor their health.This
review and meta-analysis investigated the effectiveness of mHealth interventions on IPA and SB, with

a special focus on the age and level of individualization.

2.1.2 Methods

We used a database search and contacted study authors to obtain data if it was not available in the
original manuscripts. The extracted data was then weighted by sample size and converted into an ef-
fect size (Cohen d) before being integrated into a meta-analysis using the RevmanWeb calculator. The
meta-analysis used a random-effects model and effect sizes were interpreted as large (>0.50), moder-
ate (0.50to 0.30), small (0.30 to 0.10), or trivial (<0.10). Test for for heterogeneity, overall effects, and
subgroup differences were performed using RevmanWeb. To assess for publication bias, funnel plots
were created using RevmanWeb. The authors used the Grading of Recommendations, Assessment,
Development, and Evaluations approach to provide certainty of the evidence, examining factors such
as individual study limitations, inconsistency of results, indirectness of evidence, imprecision, and pub-
lication bias. An additional meta-regression was performed to relate the estimated effect sizes to the

mean age of the samples. The study protocol was prospectively registered on PROSPERO.

2.1.3 Results

Out of 828 identified studies, a total of 11 (1.3%) were included for the qualitative synthesis and 10
(1.2%) for the meta-analysis based on the inclusion criteria. Trials included 1515 participants (mean
age 11.69, SD 0.788 years; 65% male and 35% female) with self-reported (3/11, 27%) or device-meas-
ured (8/11, 73%) health data on the duration of SB and IPA for an average intervention period of 9.3
(SD 5.6) weeks (excluding follow-ups). Studies with high levels of individualization decreased IPA levels
significantly (Cohen d=0.33; 95% Cl 0.08-0.58; Z=2.55; P=.01), whereas those with low levels of individ-
ualization (Cohen d=-0.06; 95% ClI —0.32 to 0.20; Z=0.48; P=.63) or addressing SB (Cohen d=-0.11; 95%
Cl -0.01 to 0.23; Z=1.73; P=.08) indicated no overall significant effect. Heterogeneity was moderate to

low, and a test for subgroup differences indicated significant differences between trials with high and
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low levels of individualization (x2 1=4.0; P=.04; 12=75.2%). Age as a moderator variable showed a minor

moderating effect (figure 5); however, the results were not significant, which might have been due to

underpowering.

Table 2: Individualized elements of existing physical activity-related mHealth interventions for children and adolescents, cat-
egorized based on self-efficacy components (Yellow=mastery experience, Blue=vicarious experience, Orange=verbal persua-
sion, Green=direct biofeedback).

Author Intervention Individualized elements Score  Level
Chen et Fitbit-App & Face- 6 High
al. book , real time
coaching, goal specific motivational coaching, personalized advice,
and guidance
Nystrém MINISTOP-App 1 low
etal.
Direito et Zombies, Run!-App  Audio instructions, 2 low
al. (1)
Get-Running-App Human voice coach, 6 high
(2) individual music
Downing Mini Movers SMS- goal specific feedback, tailored SMS, justin 4 high
et al. based-Intervention time delivery of SMS based on preferred time, date, and activity
Fassnacht  SMS-based-Feed- tailored 4 high
etal. back-Intervention feedback messages, goal specific motivational coaching
Gaudet et FitBit-App immedi- 6 high
al. ate intervention and real
time coaching, goal specific motivational coaching, personalized
advice, and guidance
FitBit-App delayed 6 high
intervention and real
time coaching, goal specific motivational coaching, personalized
advice, and guidance
Ham- Time2b-Healthy Fa-  Tailored reminder emails, 4 high
mersley cebook and Online
etal.
Mendoza Fitbit-App & Face- Individual Awards in Facebook group, 7 high
etal. book
and real time coaching, goal specific
motivational coaching, personalized advice, and guidance
Pyky etal. Clans of Oulu gami- individual feedback on physical activity 5 high
fied App and online  and sitting time,
MOPO Portal
Wouden-  App-based Social 4 high
berg etal. Network Interven- individual rewards,
tion MyMovez
2.1.4 Discussion

This study is the first to explore the effectiveness of mHealth interventions on reducing IPA and SB in

children and adolescents, focusing on age- and individualization-dependent effects. The study findings

support existing research that gamified approaches tend to be more effective in this population, but
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only if combined with individualization, theoretical foundation, and integration of BCTs. The most ef-
fective interventions are those that incorporate social components,community-based systems of social
participation, and association with real-world physical activities in the surrounding environment. The
study highlights the need for enhanced theoretical substantiation in the development of mHealth in-
terventions, focusing on objective data and standardized outcome measures. The study found moder-
ate effectiveness in reducing IPA, but no significant effect in reducing SB. The authors suggest that
structural changes, such as educational policies for schools, are necessary to reduce SB. The study also
showed that the effectiveness of mHealth interventions varies by age, with the highest effect sizes
evident in adolescent age groups. Finally, the authors suggest that the use of mHealth interventions in
childhood and adolescence requires careful consideration due to the potential shift in time resources

and the need for individualization.
This study adds the following findings to the existing body of evidence:

Gamified mHealth interventions, combined with individualization and BCTs, effectively reduced IPA in
children and adolescents, particularly in adolescents. Social components and community-based sys-
tems should be included, but no significant effect was observed in reducing SB. Structural changes are
needed, and careful consideration is required for mHealth interventions due to the need for individu-

alization and time resource shift.
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Figure 5: Grouped bubble plot of weighted standardized mean differences of individual trials and mean age of participants.
Group differentiation based on the primary outcome (IPA and SB). High-individualized trials included only.
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2.1.5 Authors contributions

The systematic review and meta-analysis wereconceptualized by Hannes Baumann, Janis Fiedler,
Kathrin Wunsch, Alexander Woll, and Bettina Wollesen, while the methodology and formal analysis
were carried out by Hannes Baumann, Janis Fiedler, Kathrin Wunsch. The investigation was conducted
by Hannes Baumann, Janis Fiedler, and Kathrin Wunsch, with resources provided by Bettina Wollesen
and Alexander Woll. Janis Fiedler and Kathrin Wunsch provided support in formulating the Prospero
application, as well as in screening and evaluating the individual studies. The data curation was per-
formed by Hannes Baumann, Janis Fiedler, and Kathrin Wunsch, while the original draft preparation
was completed by Hannes Baumann and Janis Fiedler. The writing of the manuscript was reviewed and
edited by Kathrin Wunsch, Janis Fiedler, Bettina Wollesen, and Alexander Woll, and the visualization
was done by Hannes Baumann and Janis Fiedler. The project was supervised by Bettina Wollesen and
Alexander Woll, and the project administration was handled by Bettina Wollesen. All authors have

read and approved the published version of the manuscript.

2.2 WHAT ARE THE FEASIBLE MHEALTH-BASED PHYSICAL ACTIVITY AND HEALTH OBJECTIVES THAT
CAN BE ACCOMPLISHED WITHIN THE FAMILY FRAMEWORK INVOLVING EARLY ADOLESCENTS?

The following three publications have been published in the context of this research question. How-
ever, additional analyses have been conducted as part of this PhD thesis. As all three publications have
originated from the same project, this dissertation primarily consolidates partial results from these
studies. Nevertheless, the emphasis is on the presented supplementary analyses, which have been

based on a conglomerated dataset.

Meixner, C., Baumann, H., & Wollesen, B. (2020). Personality Traits, Gamification and Features to De-

velop an App to Reduce Physical Inactivity. Information, 11(7), 367.

Bischoff, L. L., Baumann, H., Meixner, C., Nixon, P., & Wollesen, B. (2021). App-Tailoring Requirements
to Increase Stress Management Competencies Within Families: Cross-sectional Survey Study. Journal

of Medical Internet Research, 23(7), e26376. https://doi.org/10.2196/26376

Meixner, C., Baumann, H., & Wollesen, B. (2022). Gesundheitsbezogene Ziele der digitalen Pravention

und Gesundheitsforderung in Familien. Gesundheitswesen. https://doi.org/10.1055/a-1860-0911

2.2.1 Introduction
The prevalence of obesity among adolescents and adults is increasing despite the availability of inter-
ventions (Guthold et al., 2018). This suggests a lack of tailored approaches to address the living envi-

ronments of young people. Yeager et al. (2018) propose that tapping into adolescents' sensitivity to
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status and respect within social constructs could redirect them towards positive behavior change.
Health-promoting family models, based on equal communication, are suggested by Michaelson et al.
(2021) as useful tools for promoting health behaviors and PA among children and adolescents. When
developing interventions, it is relevant to consider the living environments of both adults and adoles-
cents. mHealth interventions, which are low-threshold and easily integrated, may be a potential solu-
tion, especially given the prevalence of smartphones among young people. Meta-analyses demon-
strate that highly individualized mHealth interventions that integrate multiple behavior change mech-
anisms show the highest effectiveness for PA outcomes in children and adolescents (Baumann, Fiedler,
et al., 2022; B6hm et al., 2019; Schoeppe et al., 2017). Interventions that integrate parental involve-
ment may be beneficial for preadolescent populations as well. Social support and mHealth-based goal
setting may represent two relevant health behavior change techniques for adolescents. Therefore,
multiple behavior change mechanisms should be used in intervention planning, addressing different
phases of the health behavior change process. Goal setting, especially when embedded in social set-
tings, addresses the motivational phase, whereas embedding interventions in the family setting pro-
vides social support, incentives, and comparative regulators, reinforcing the post-intentional and voli-
tional phases (Michie et al., 2011). Brown et al. (2020) have shown that establishing health goals in a
family context improves health behavior and could be reinforced by mHealth applications. However,
Colineau et al. (2011) have pointed out the interference between family and individual goals. There-
fore, this paper aims to identify mutual health goals of different family members in the context of

mHealth to initiate a long-term health behavior change process.

2.2.2 Methods

To answer the research question, an explanatory sequential mixed-methods study was conducted, in
which adolescents in school settings and families were surveyed about their health behavior and jointly
pursued health goals. Through 3 focus group interviews with school classes of different grades (N=120
adolescents, f=50.0%, m=50.0%, 3 age groups 11-12, 13-14 and 15-16 years) and 60 guideline inter-
views with parents (N=60 parents; f=41.7%, m=58.3%; @ 42.4 age of parents), initial health goals were
identified that children and adolescents would want to implement together with their parents. These
goals were then quantified in a nationwide online survey (N=3795 participants (1008 families);
f=50.4%, m=48.2%, d=1.7%; @ 3.81 persons per household; 54% children (@ 13.41 years); 46% adults
(@ 47.79 years)), along with sociodemographic variables such as age and gender. The questionnaire
used a binary scale (interested/not interested) to measure interest in the health goals presented in
table 3 in the prevention fields of activity, nutrition, and relaxation. Both studies were approved by the

ethics committee of the University of Hamburg (reference number: AZ: 2019 _270).
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The analysis of both qualitative sub-studies was conducted through qualitative content analysis with
MAXQDA, while the quantitative sub-studies of both projects were analyzed using SPSS and rStudio.

To identify age-independent familial health goals, multiple binary logistic regression analyses were

conducted.

Table 3: mHealth related health goals within the three dimensions of primary prevention

Health goals in the prevention

area of physical activity

Health goals in the prevention

area of nutrition

Health goals in the prevention

area of stress and relaxation

Improvement of fitness

Healthier nutrition

Relaxation exercises in daily life

Building muscle mass

Weight change

Increase in resilience to stressors

Increasing flexibility

Dietary change

Practice of meditation exercises

Increasing endurance

Vegetarian diet

Practice of mindfulness exercises

More active lifestyle

Vegan diet

Practice of breathing exercises

Increasing performance

Communal cooking

Practice of yoga exercises

Participation in health courses

Trying new recipes

Spending time in nature

Conducting parent-child workouts

Seasonal, local & organic food intake

Wellness and sauna offerings

Outdoor activities

Knowledge about nutrient intake

Exercises for on-the-go

Membership in a sports club

Increase in fluid intake

Stress management strategies

2.2.3 Results

The structuring qualitative content analysis revealed thirty familial health goals (ten goals per field of
behavior-related primary prevention) that the surveyed family members could imagine pursuing to-
gether. In the online survey, the greatest interest was shown for the following goals in the field of PA:
"spending time in nature" (70%), "physical activity outdoors" (62%), and "improving fitness" (60%).
However, the multiple binary logistic regression analysis showed significant age effects for twenty-four

health goals. Six of the health goals showed no significant age effects (figure 6).

The intersection between children and adolescents and their parents is marked by green bars in figure

6. These variables do not show any age effects, meaning that the interest in the health goal does not
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vary significantly between individuals of different ages. This is paired with a high common interest
(light blue bars) in identifying healthier eating habits, communal cooking, outdoor activities, learning
exercises for on-the-go, spending time in nature, stress management, and dietary changes as primary
goals in the field of mHealth that children and adolescents would undertake with their parents.
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Figure 6: Combined bar chart displaying age dependence of health goals.
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2.2.4 Discussion
Since the aim of the study was to identify familial health goals that are of high interest to all family
members and show no age effects, not all of the qualitatively identified goals are relevant for family

health promotion. Only the goals "integration of a healthier diet," "spending time in nature," and
"physical activity outdoors" are both interesting to all members of the familys and are age independ-
ent. Integrating the study results into the context of Brand and Ekkekakis (2018) affective reflective
theory of physical activity and exercise allows for theoretical embedding: multiplication of sport-re-
lated stimuli is necessary to stimulate type-1 processes and positive affect to convert them into type-
2 processes, thereby promoting healthy habit formation. According to Grey et al. (2020), the family

can therefore act as both a multiplier and a positive affect provider in addressing these goals in health

interventions and thus positively influence the health behavior of adolescents in the long term.
This study adds the following findings to the existing body of evidence:

This study has identified age-independent health goals for parents and children, indicating that
mHealth interventions targeting healthy diets or outdoor physical activities are more likely to be
adopted within the family social system. Furthermore, the study highlights the benefits of using

mHealth interventions within a family context, particularly for early adolescents.

2.2.5 Authors contributions

All three publications, originated in the same project (Caspar-Project), were initiated under the con-
ceptualization of Bettina Wollesen, while the methodology and formal analysis were carried out by
Hannes Baumann, Charlotte Meixner, and Bettina Wollesen. The investigation was conducted by Han-
nes Baumann and Charlotte Meixner with supervision of Bettina Wollesen. The resources for the study
were provided by Bettina Wollesen, while the data curation was performed by Hannes Baumann, Char-
lotte Meixner, and Bettina Wollesen. Hannes Baumann performed an additional data analysis for the
sake of this PhD thesis. The original draft of two manuscripts was prepared by Charlotte Meixner and
one by Laura Bischoff, with subsequent review and editing of all three papers by Bettina Wollesen,
Charlotte Meixner, and Hannes Baumann. The visualization aspects were taken care of by Hannes Bau-
mann and Charlotte Meixner. The study was supervised by Bettina Wollesen, who was also responsible
for project administration and funding acquisition. All authors have read and approved the final version

of the manuscript for publication.
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2.3 HOW CAN DIGITAL HEALTH LITERACY BE PROMOTED WITHIN THE SCHOOL SETTING TO ENSURE
REFLECTIVE AND RESPONSIBLE USE OF MHEALTH APPLICATIONS AMONG MID ADOLESCENTS?

The following publication has been published in relation to this research question:

Baumann, H.; Meixner, C.; & Wollesen, B. (2022): Voraussetzungen zur Vermittlung digitaler Gesund-
heitskompetenzen durch Sportlehrkrafte im Zuge der SARS-CoV-2-Pandemie: Eine explorative Mixed-
Methods Studie im Schulkontext. In: Zeitschrift fiir Studium und Lehre in der Sportwissenschaft - The-
menheft Digitalisierung in der Sportlehrer*innenbildung (5(1)), S. 5-18. DOI: 10.25847/zsls.2021.051.

2.3.1 Introduction

The Life World-related Setting Approach (Rosenstock, 1974), which can also be applied to the school
setting, involves the age-appropriate participation of children and adolescents in measures to promote
health and PA (Hanssen-Doose et al., 2018) The promotion of PA is in the foreground, while the teach-
ing of health literacy (defined by Sgrensen et al. (2012) as the abilities to find, understand, evaluate
and apply health information for health-related decisions) is incorporated into the curricula of individ-

ual states (primarily in the subjects of sports, biology, and health) (Tépfer & Sygusch, 2014).

The pandemic conditions resulted in challenges to health promotion (e.g. the lack of sports and coun-
seling options), which can be tackled more effectively with digital health literacy (e.g. targeted pro-
curement of evidence-based health information, digital promotion of PA, use of digital applications for
infection tracking) (Dadaczynski et al., 2021). However, there is still a lack of curricular integration of
digital health literacy in most states in germany, which rapidly gained in importance during the nation-
wide lockdowns due to the SARS-CoV-2 pandemic (Crawford & Serhal, 2020). Furthermore, contact
restrictions led to a reduction in social interactions, which required, among other things, digital solu-
tions for the transfer of information in the school day. The previously presence-based teaching was
transferred to homeschooling, a situation that overwhelmed many teachers, parents, and students
(OECD, 2020). This resulted in socio-affective complications and IPA, particularly among socio-econom-
ically disadvantaged children (Lopez-Bueno et al., 2021). Central changes for teachers included the
needs-based use of digital teaching-learning platforms (e.g. Iserv and Commsy), digital conference
tools (e.g. Zoom) or other forms of interaction with short preparation times to adapt the teaching
material to digital formats. For example, students experience the lack of familiar daily structures of the
school day as overwhelming (Magson et al., 2021; Naff et al., 2022). Homeschooling requires more

self-management competencies by the students (e.g. ability to self-motivate, establish working struc-
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tures, create daily plans) or support from parents. Furthermore, there is a lack of access to digital de-
vices and the internet (Francis & Weller, 2022). Parents, teachers, and students are therefore faced

with the task of jointly redesigning teaching-learning processes.

At the same time, the restricted possibilities for movement and interaction (Al-Oraibi et al., 2022) have
an impact on physical and mental well-being, which is why digital health promotion is gaining more
significance during periods of isolation. It is unclear how, especially in sports classes, the promotion of
digital health literacy in distance learning situations can be integrated in such a way that the psycho-
social dimension (e.g. the fostering of social skills, the building of social relationships) and the physical
dimension (e.g. physical fitness, motor development) are not neglected. In this context, it is also nec-
essary to develop and implement methods for the evaluation of the effectiveness and impact of digital

health promotion measures.

2.3.2 Methods

To develop appropriate teaching-learning concepts for promoting digital health literacy among educa-
tors and students, this article examines the impacts of distance learning on both. The study also cap-
tures variations in digital health literacy among educators, depending on the subject they teach. The
exploratory sequential mixed-methods approach consisted of an online survey with 118 teachers of
health, biology, and physical education and six focus group interviews through Zoom, including teach-
ers and students (n=34). The follow-up survey questions pertained to digital media infrastructure in
schools, digital health literacy, and potential barriers to promoting digital health literacy in schools.
The analysis involved frequency analysis and ANOVA, with qualitative analysis conducted using Mayr-

ing content analysis with MAXQDA 2020.

2.3.3 Results

Both studies revealed a shortage of digital literacy and media infrastructure. The target groups showed
high interest in developing digital health literacy. Physical education teachers demonstrated lower dig-
ital health literacy compared to biology and health teachers (F[2,99]=4.07; p=.020; n2 partial=.107).
The results highlight the need for improved infrastructure (e.g. access to WLAN) and demonstrate a
pressing need to promote digital health literacy in schools. Based on the analysis of both studies, four
broad recommendations can be derived for successfully teaching digital health literacy: (1) basic infra-
structural requirements, (2) content for teaching digital health literacy in physical education, (3) meth-

odological implementation, and (4) further training for physical education teachers.
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2.3.4 Discussion

Since the beginning of the pandemic, teachers and learners have been confronted with changes in the
teaching-learning process that require digital competencies as well as digital health competencies. The
overall goal of the study was to develop solutions and recommendations for the practical implemen-
tation of suitable teaching and learning concepts. The background of this is that teachers initially need
to improve their own digital health competencies to subsequently act as multipliers for the digital
health competencies of learners. The study identified infrastructure requirements and necessary com-
petencies for digital teaching depending on the subjects taught (sports, biology, health), as well as the
opinions of actors from multiple types of schools in focus groups. In addition, the study focused on the
particular situation of sports teachers in order to provide recommendations for the implementation of
digital teaching and learning projects and the future training of sports teachers. The study found a lack
of mobile devices for implementing innovative digital teaching and learning projects to promote digital
health competencies. Teachers' digital health competencies were also found to be deficient, particu-
larly in the area of knowledge of physiological functions, their own health status, and risk factors. This
suggests that the greatest challenges for implementing digital teaching and learning concepts may lie
with sports teachers. However, it is unclear whether this is due to the self-concept or role perception
of sports teachers. Furthermore, the functional feasibility of digital content in sports lessons needs to
be considered, especially for primary and secondary level education, where sports halls as teaching
venues have fewer media options than other subject rooms. Therefore, it appears that in the analog
sports lesson, a focus on digital health competencies would initially reduce the time and intensity of
movement. The study recommended careful selection of digital applications for promoting digital
health competencies and the need for a pedagogical strategy for the use of mobile devices in sports

lessons, as different conditions apply due to the high level of movement.
This study adds the following findings to the existing body of evidence:

Challenges in implementing digital health competency teaching in schools include a lack of mobile de-
vices and digital literacy among teachers. Suitable apps can enable PA and digital health literacy edu-
cation in homeschooling. Additionally, a lack of technological resources in gymnasiums hinders digital
content implementation in physical education, highlighting the importance of targeted training for

promoting digital teaching skills.

2.3.5 Authors contributions

This study was a collaborative effort by a team of researchers comprising Bettina Wollesen, Hannes
Baumann, and Charlotte Meixner. The study's conceptualization and project idea (Teach-Project) was
carried out by Bettina Wollesen, Hannes Baumann, and Charlotte Meixner, while Hannes Baumann,

Charlotte Meixner, and Bettina Wollesen were responsible for the methodology and formal analysis.
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Data collection was carried out by Hannes Baumann and Charlotte Meixner, with Bettina Wollesen
providing the resources necessary for the study. Data curation was the responsibility of Hannes Bau-
mann and Bettina Wollesen, while the original draft preparation of the manuscript was carried out by
Bettina Wollesen and Hannes Baumann. The manuscript was subsequently reviewed and edited by
Bettina Wollesen and Charlotte Meixner. Hannes Baumann was responsible for visualizing the data,
while Bettina Wollesen provided supervision and project administration. The funding for the study was
acquired by Bettina Wollesen. All authors have read and agreed to the published version of the man-

uscript.

2.4 HOW DOES INDIVIDUALIZATION AFFECT THE EFFECTIVENESS OF MHEALTH INTERVENTIONS?

The following three publications have been published in connection with this research question:

Baumann, H., Heuel, L., Bischoff, L. L., Wollesen, B. (2023). mHealth interventions to reduce stress in

healthcare workers (fitcor): study protocol for a randomized controlled trial. Trials, 24, 116.

Baumann, H., Heuel, L., & Wollesen, B. (2023). Efficacy of individualized sensory-based mHealth in-
terventions to improve distress coping in healthcare professionals: A Multi-Arm Parallel-Group ran-

domized controlled trial. Sensors, 23(4):2322. https://doi.org/10.3390/s23042322

2.4.1 Introduction

Occupational psychosocial stress is a significant risk factor for developing various diseases, including psy-
chological, musculoskeletal, and cardiovascular diseases (Dragano, 2018; Jarvelin-Pasanen et al., 2018).
Healthcare professionals are particularly susceptible to high levels of stress due to recurring stressors, such
as high work demands, leadership style, lack of appreciation, and work-family conflicts (McVicar, 2003;
Moustaka & Constantinidis, 2010) which contributes to low heart rate variability. Chronically low heart rate
variability is associated with impaired regulatory and homeostatic functions of the autonomic nervous sys-
tem, which reduces the body's ability to cope with internal and external stressors (da Estrela et al., 2021).
Resilience toward occupational stress can be improved through personal and organizational resources, and
stress reduction interventions, such as mindfulness programs, PA, breathing exercises, progressive muscle
relaxation, and yoga (Bischoff et al., 2019). To design effective interventions for healthcare professionals, it
is essential to identify barriers, select appropriate intervention components, use theory, and engage end-
users while considering the length and sustainability of interventions (Colquhoun et al., 2017). However,
the evidence base for stress reduction interventions for health personnel is insufficient due to issues such
as study rigor, high dropout rates, and a lack of appropriate study designs (Bischoff et al., 2019). Individual
and organizational factors also make it difficult to implement effective interventions. Digital interventions,
particularly mobile health (mHealth) interventions, have the potential to address these issues by offering

low-cost, easy-to-implement, and need-individualized health promotion interventions (Stratton et al.,



Cumulative part of the dissertation
Page |43

2017). mHealth interventions have been found to be effective in reducing stress and improving mental
health outcomes among healthcare professionals (H.-G. Kim et al., 2018). Individualized interventions offer
a potential way of delivering person-centered interventions, such as adapting intervention content to indi-
vidual needs for behavior change, individual coaching based on intervention results, direct biofeedback via
app and sensor interfaces, visualization of health data, and adaptation of content based on psychological
characteristics (Chen et al., 2021). The present study aims to compare the effectiveness of web-based vs.
app-based and individualized vs. non-individualized stress management interventions in improving distress

coping in health professionals.

2.4.2 Methods

A multi-arm parallel group randomized controlled trial was conducted with five intervention groups, ac-
cording to the CONSORT guidelines (Dwan et al., 2019), including necessary extensions (Juszczak et al.,
2019; Schulz et al., 2010). All participants in the intervention groups received a digital intervention, and
both questionnaire and sensory data were assessed at baseline (pre-intervention) and eight weeks (post-
intervention). This paper only focuses on the sensory data. The five intervention groups were described as
follows: Group 1 received a web-based digital stress management intervention with no additional features,
Group 2 received a web-based need-oriented digital stress management intervention, Group 3 received a
web-based need-oriented digital stress management intervention with telephone coaching, Group 4 re-
ceived an app-based personality specific digital stress management intervention with sensory biofeedback,
and Group 5 received an app-based personality specific digital stress management intervention with sen-
sory biofeedback and a health report. The trial participants were healthcare professionals aged 18 years or
older and fluent in German, with internet access via a smartphone. Random allocation was used to prevent
selection bias. The participants were informed of their assigned intervention group and data collection was
done via self-administered online questionnaires and sensors. There were five different intervention sce-
narios, each with various levels of individualization, with the app-based interventions featuring higher levels
of personalization than the web-based ones. The sensors used were CM300, which includes an ECG circuit
and various chips for measuring PA and stress levels. Demographic characteristics such as age, gender, and
job hierarchy were also assessed. The focus of the study was on the sensory data in the stress and PA do-

mains.

243 Results

The study aimed to evaluate the effectiveness of different intervention programs in promoting PA in small
and middle-sized companies. The study was conducted among 995 participants from multiple institutions,
of which 643 participants were assigned to the study groups and received interventions. However, due to
various reasons such as lack of time, illness, and technological issues, a total of 170 participants were con-
sidered for analysis, resulting in a dropout rate of 74%. The participants were divided into five different

study-arms with varied intervention programs and analyzed based on their assigned groups. The baseline
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data showed no significant differences in demographic characteristics between the intervention and control
groups. The average age of the participants was 41.1 + 10.9 years and the sample consisted of more female
than male participants. The results of the statistical analysis (MANOVA) indicated significant time * group
effects for the PA-related outcomes, including MVPA minutes and inactivity disruption counts. Post-hoc
analysis revealed that the individualized app study-arms (4 and 5) were significantly different from the con-

trol group and less individualized web-based training study-arms (1, 2, and 3) in these outcomes.
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Participants in study-arms 4 and 5 increased their activity time by 72.5 + 45 minutes and 69.3 + 11.7
minutes, respectively, while the activity time decreased in all other study-arms and the control group. Sim-
ilarly, the number of inactivity disruptions per day increased significantly in the app trial in study-arms 4
and 5 but decreased in all other study-arms and the control group. However, no significant differences were
observed in stress-related outcomes such as SDNN, RMSSD, LFHF, and the Beavsky Index, or in other PA-
related outcomes such as steps and inactivity across measurement time points or among study-arms. Fig-

ures 3 and 4 illustrate the magnitude of the effects obtained from the study.

2.44 Discussion

This study was a multi-arm parallel randomized controlled trial aimed at exploring the effectiveness of dif-
ferent sensory-based mHealth interventions to enhance the coping of healthcare professionals with stress
and PA. The interventions were designed to be individually tailored with the hypothesis that these inter-
ventions would result in small to moderate positive effects on PA and stress-related outcomes, while non-
individualized interventions would be ineffective. Contrary to the expectations (Baumann et al., 2023), the

results showed no significant improvement in stress-related heart rate variability (HRV) parameters over
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time, regardless of the level of individualization in the interventions. This is due to the fact that PA and
stress perception are closely related, and specific and continuous training is necessary to achieve cognitive
and psychophysical adaptations through PA. This was not achieved through the guidance provided in the
mHealth interventions. Furthermore, an 8-week intervention may not be long enough to activate physio-
logical mechanisms that have a stress-buffering effect (Gerber & Piihse, 2009). On the other hand, the in-
terventions showed positive effects on PA outcomes, as measured by accelerometry, in the highly individ-
ualized app-based study-arms. The effects were seen in MVPA and inactivity interruptions, but not in steps
taken and total inactivity. This could be due to the nature of the nursing profession and the fact that the
intervention took place during work hours, leading to higher levels of MVPA and inactivity disruptions but
also elevated, consistent step counts and inactivity levels. The findings suggest that the effectiveness of an
app-based intervention is dependent on design aspects and user-centeredness. Although the study aimed
to represent different levels of individualization across study-arms, it was not possible to determine which
level of individualization was more effective. Both app-based interventions showed significant effects, but
the sample size was not sufficient to show moderate effects. In conclusion, the findings highlight the im-
portance of considering the context in which PA occurs and the need to differentiate between occupational
and leisure time PA when studying the relationship between PA and stress. The results suggest that inter-
ventions aimed at increasing PA in a work setting may not necessarily reduce stress levels and that individ-
ualized app-based interventions may be more effective, but more research is needed to determine the

optimal level of individualization and design (Holtermann et al., 2018).
This study adds the following findings to the existing body of evidence:

This study contributes to the existing evidence on mHealth interventions for stress reduction and PA pro-
motion. It emphasizes the need for continuous training and supervision for sustainable cognitive and psy-
chophysical adaptations through PA. Individualized app-based interventions with direct biofeedback and
user-centered design are more effective, and long-term interventions may be necessary for addressing
complex health issues. Technical issues contribute to high dropout rates, which could be minimized with

additional attention to technical aspects.

2.4.5 Authors contributions

The randomized controlled trial, as well as the study protocol were conceptualized by Bettina Wollesen,
who crafted the framework of the research design. Methodological and formal analytical rigor was ensured
through contributions of Hannes Baumann, Luis Heuel, and Bettina Wollesen. The investigation was carried
out by Hannes Baumann and Luis Heuel, with indispensable resource support from Bettina Wollesen. Han-
nes Baumann and Luis Heuel were responsible for data curation, while Hannes Baumann exhibited exem-
plary proficiency in crafting the original draft of the manuscript. The critical review and editing of the man-
uscript was accomplished by Bettina Wollesen, Laura L. Bischoff, and Luis Heuel, with Hannes Baumann

ensuring apt visualization of the results. Supervision was provided by Bettina Wollesen, who also ensured
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efficient project administration and successful funding acquisition. All authors have meticulously reviewed

and scrupulously approved the final version of the manuscript for publication.

3 OVERALL DISCUSSION

3.1 DISCUSSION OF RESEARCH QUESTIONS
The aim of this PhD thesis was to investigate the impact of individualization on the effectiveness of

mHealth interventions for children and adolescents at different developmental stages. The results re-
vealed that each developmental stage of children and adolescents has unique requirements. Utilizing
the empirical outcomes of this study as a foundation, the research inquiries will be reiterated, and the
findings will be scrutinized, culminating in evidence-based decisions regarding the hypotheses. Follow-
ing this, a comprehensive assessment of the study's strengths and limitations will be conducted, and a
conclusion will be drawn, accompanied by a prospective outlook on the theoretical, methodological,

and differential advancement of mHealth interventions.

3.1.1 Moderators of mHealth effectiveness
Ri: What is the impact of individualization and age as moderators on the effectiveness of mHealth

interventions for reducing SB in children and adolescents?

e Hii: The effectiveness of mHealth interventions for children and adolescents increases with age.
e Hi,: Individualization is not as crucial for the effectiveness of mHealth interventions in children

and early adolescents as it is in mid-adolescents and late adolescents.

The conducted systematic review and meta-analysis was the first to examine the age- and individuali-
zation-dependent effectiveness of mHealth interventions to reduce IPA and SB in children and adoles-
cents and strengthens the evidence of moderate mHealth effectiveness. This is in line with existing
research on PA relatedmHealth interventions for children and adolescents (Bohm et al., 2019;
Schoeppe et al., 2017). One of the main qualitative results is, that gamified approaches tend to have a
higher effect in this population, with several previous gamified interventions in this target group having
already been shown to be effective (Sardi et al., 2017). The 18% (2/11) of trials showing the highest
effectiveness in this meta-analysis (Fitbit and Facebook intervention by Chen et al. (2019) and the Clans
of Oulu intervention by Pyky et al. (2017)) used this approach. However, it should be mentioned that
the intervention Zombies, Run! by Direito et al. (2015), which showed a very low effect size, was also
a gamified approach; however, it is hardly individualized and uses few BCTs. Therefore, the results
suggest (in line with existing research by Khamzina et al. (2020)) that gamified approaches can be ef-
fective for children and adolescents but only if individualization, theoretical foundation, and integra-

tion of BCTs occur simultaneously. However, the two most effective interventions mentioned above
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share a distinguishing feature in addition to gamification. Both involve a social component and inte-
grate community-based systems of social participation and association with real-world physical activi-
ties in the surrounding environment. Hammersley et al. (2017) and van Woudenberg et al. (2018) in-
tegrated similar approaches. This may suggest that friends, family, and surrounding environments are
relevant determinants for children and adolescents in the context of mHealth and should be consid-
ered in the development of mHealth interventions to reduce IPA and SB. This review also demonstrates
that mHealth interventions for children and adolescents are rarely theory based (Direito et al., 2018;
Fiedler et al., 2020; Han & Lee, 2018) although theories were occasionally mentioned, and therefore
reiterates the need for enhanced theoretical substantiation in the development of mHealth interven-
tions. The consequences of non—theory-based approaches include low effect sizes and methodological
deficiencies, at least in self-developed interventions (Fassnacht et al., 2015; Nystrom et al., 2017). No
negative effect of missing theoreticity could be shown when already existing and evaluated apps (e.g.,
Fitbit app) were used (Gaudet et al., 2017; Mendoza et al., 2017). In this respect, another striking as-
pect of the results is that most of the considered interventions used commercially available apps (es-
pecially Fitbit models and the corresponding app) or self-developed approaches. Models from other
well-known commercial providers were not used. Data transfer software was repeatedly cited as a
reason by in some studies. From a scientific point of view, one of the problems may be that companies
for exampleFitbit do not disclose the mechanisms and underlying theories behind their developments.
Regarding the quality of the integrated data, it should be mentioned that many trials addressed mul-
tiple outcomes (Mayo-Wilson et al., 2017) and used questionnaire data as outcome parameters (Fer-
rari et al., 2020). A more appropriate approach would be to focus only on objective data or consider a
combination of objective and subjective data, similar to the approach of Chen et al. (2019). The use of
solely qualitative data can yield a problem if an objective comparison with WHO recommendations
must be provided (Fiedler et al., 2021). Therefore, we encourage researchers in the field of mHealth
to use accelerometry-based measurements and more standardized outcome measures in future inter-
vention studies. Another key aspect of qualitative analysis is the individualization of the included
mHealth interventions. It is noticeable that the type of individualization varies considerably between
frequently used techniques that are frequently used (e.g., individual goal setting) and other techniques
that are unique to one of the interventions (e.g., individualization based on the stage of behavior
change). Similar to existing ideas in the field of behavior change mechanisms (Michie et al., 2013), a

consistent taxonomy is needed and should be a part of future research.

Across all interventions, it appears that mHealth interventions to reduce IPA in children and adoles-
cents showed an overall significant moderate effectiveness, whereas interventions to reduce SB
showed no overall significant effect. Accordingly, it appears easier to change IPA than SB in children

and adolescents. More structural changes are probably necessary to reduce SB, which may include
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educational policies for schools. For instance, it is more difficult to reduce sitting time in class, at lunch,
at home while doing homework, or during transportation than it is to do another hour of sports in the
evening. Potential ideas that could be implemented in the context of mHealth would be JITAI with
reminders for small exercise breaks (Wunsch et al., 2022); in the school context, the use of automated
standing desks to interrupt sitting times; or the assignment of physically activating homework that
encourages children and adolescents to explore their invigorated environment. It should be further
discussed that the considered mHealth interventions had no or even a small reverse effect on the re-
duction of SB. Although it has been shown that screen time and PA are independent constructs (Pear-
son et al., 2014; Schmidt, Anedda, Burchartz, Kolb, Oriwol, & Woll, 2019), it becomes evident that the
use of apps leads an unchanged or slightly increased time spent in SB, although IPA decreases. Thus,
there presumably is a shift in time resources among children and adolescents through the use of
mHealth intervention. A similar finding emerged for the game Pokémon Go (Khamzina et al., 2020).
The consequences of this finding are far-reaching and suggest that the use of mHealth in adolescence
and childhood deserves careful consideration. For younger age groups in particular the use of an app
as a family or with parental support could be feasible, yet so far result low effect sizes, as shown by
20% (3/15) of the considered interventions (Downing et al., 2017; Hammersley et al., 2019; Nystrom
et al., 2017)

Looking at the average age of the target groups in the interventions used in the meta-regression, it is
noteworthy that the highest effect sizes were evident in the adolescent age groups. Therefore, it is
reasonable to assume that participants in different age groups are differently impressionable by
mHealth. There are multiple explanations for this finding. First, as children age, unhealthy behaviors
may be established, and apps may need to become more individualized to be effective (Tong et al.,
2021). Second, the more the child evolves into an individual, the more important it becomes to address
their individuality within health interventions. The second hypothesis is supported by one of the key
findings of the meta-analysis that individualized mHealth interventions to reduce IPA differ signifi-
cantly from non-individualized interventions with the same objective. This is in line with previous re-
search on other populations (Tong et al., 2021). However, it is interesting to note that interventions
with the highest level of individualization, are not the most effective (Mendoza et al., 2017). Thus,
more individualization does not necessarily lead to higher effectiveness; rather, the selection of par-
ticularly relevant parameters in combination with the rest of the intervention characteristics seems to
result in an effective intervention. For example, the development of a new intervention could be ac-
companied by a kind of intervention mapping (Koutoukidis et al., 2018) which could beaccompanied
by a target group analysis. Thereby the needs and requirements of the target group of an mHealth
intervention would be revealed. Future research should aim to deepen these partially exploratory find-

ings and identify the underlying psychological mechanisms. We hypothesize that there is a sweet spot
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at which the addition of further mechanisms for individualization and behavior change no longer leads
to a larger effect, which would have profuse implications for the development of mHealth interven-
tions. Furthermore, based on the results of this review, we would like to point out that the content
and functions of mHealth interventions for children and adolescents should always be adapted to the
age of the target group to avoid possible developmental psychological difficulties and associated low
effect sizes. It should also be mentioned that the results of the meta-regression, as suggested in the
introduction section, again indicate that SB and IPA are not correlated constructs. Therefore, PA pro-
motion does not necessarily imply SB reduction and should hence be addressed separately. In sum-
mary, the systematic review and meta-analysis addthe followings aspect to the existing body of evi-

dence:

1. Gamified approaches tend to have a higher effect in children and adolescents, but only if individ-
ualization, theoretical foundation, and integration of BCTs occur simultaneously.

2. The most effective interventions also involve the social component, integrate community-based
systems of social participation and association with real-world physical activities in the surround-
ing environment.

3. mHealth interventions for children and adolescents are rarely theory-based, and this reinforces
the need for enhanced theoretical substantiation in the development of mHealth interventions.

4. Most of the considered interventions used commercially available apps, especially Fitbit models
and the corresponding app, or self-developed approaches, and data transfer software was cited as
a reason in some studies.

5. mHealth interventions to reduce IPA in children and adolescents showed an overall significant, but
moderate effectiveness, whereas interventions to reduce SB showed no overall significant effect.

6. Itis probably harder to reduce SB in children and adolescents du to a lack of educational policies
for schools.

7. The use of mHealth interventions can lead to a shift in time resources among children and adoles-
cents, with an unchanged or slightly increased time spent in SB, although IPA decreases.

8. The use of mHealth in adolescence and childhood deserves careful consideration, and for younger
age groups, the use of an app as a family or with parental support could be beneficial.

9. The effectiveness of mHealth interventions is moderated by individualization and age, with more

individualization and higher age associated with higher effectiveness.

Based on the research question and underlying hypotheses, it can be concluded that age does not
significantly moderate the effect of interventions. Therefore, hypothesis 1.1 is rejected, contrary to
expectations. However, it was observed that mHealth interventions were more effective in addressing
IPA than non-individualized interventions. Strong effect sizes were observed in interventions targeting

age groups above 15 years, whereas interventions aimed at adolescents under the age of 10 years
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demonstrated minimal effectiveness. Consequently, hypothesis 1.2 can be accepted, although the sup-

porting evidence base is inadequate and requires further randomized controlled trials.

3.1.2 Family health goals
R2: What are the feasible mHealth-based physical activity and health objectives that can be accom-

plished within the family framework involving early adolescents?

e H,i: Parental and adolescent physical activity and health goals partially intersect.
e H,.: Social systems engagement, particularly family, is more appropriate and beneficial for infants,

children and early adolescents rather than for mid and late adolescents.

The insights gained from this study illustrate the potential for digital measures in the prevention and
promotion of health within families, highlighting areas of overlap in the content preferences of family
members. It can be assumed that mHealth interventions for families are particularly suitable for fami-
lies with children under the age of 13 years. Further research should identify usage preferences in a
family health app, usage in different family constellations, and a family-oriented approach. Since the
aim of the study was to identify familial health goals that are of high interest to all family members
and show no age effects, not all of the qualitatively identified goals are relevant for family health pro-
motion. In line with control theory, behavior change techniques, such as goal setting, have been asso-
ciated with increased intervention effects (Michie et al., 2013; Strecher et al., 1995). For example, a
study by Heber et al. (2016) evaluated a newly developed internet-based stress management inter-
vention in a waitlist-controlled randomized trial that included principles for health behavior change
such as goal setting, action planning, and coping planning for reducing stress. Their results showed
significant effects between the intervention and waitlist control group. Goal-setting technique features
might thus be promising for the individual needs. The additional analysis indicated that only family

goals "integration of a healthier diet," "spending time in nature," and "physical activity outdoors" are
both interesting to parents and children as well as independent of the age. Integrating the study results
into the context of Brand and Ekkekakis' (2018) affective reflective theory of PA and exercise allows
for theoretical embedding: multiplication of sport-related stimuli is necessary to stimulate type-1 pro-
cesses and positive affect to convert them into type-2 processes, thereby promoting healthy habit
formation. According to Grey et al. (2018), the family can therefore act as both a multiplier and a pos-
itive affect provider in addressing these goals in health interventions and thus positively influence the

health behavior of adolescents in the long term (Sanders & Mazzucchelli, 2022). In summary, this study

adds the followings aspect to the existing body of evidence:
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1. It identifies age independent health goals for both, parents and their children. Thus, families
mHealth interventions targeting a healthier diet or outdoor physical activities are most likely to be
adopted within the social system of a family.

2. It identifies that the familial use of mHealth interventions is most beneficial for early adolescent

age groups.

Hypothesis 2.1 can therefore be accepted. There is a partial intersect between parental and adolescent
health goals, which can be integrated into mHealth Interventions for families. For PA focused interven-
tions, outdoor activities are the lowest common denominator. Hypothesis 2.2 can only be partially
confirmed, as infants and young children were not included in the study. However, as expected, there
seems to be a point in child development where an implementation of health goals in the family con-
text is no longer of interest to adolescents. Based on the study findings, this is estimated to occur
around the age of 13 years, between early and middle adolescence. Thus, mHealth interventions for
families should target families with children between 8-12 years of age. Further research is needed to
confirm this age range and to identify specific developmental factors that influence the effectiveness
of health interventions among adolescents. Additionally, it is recommended that interventions for fam-
ilies with older adolescents should focus on individualized approaches that consider the unique needs
and preferences of each family member. Overall, these findings contribute to the growing body of
research on family-based health interventions and highlight the importance of considering develop-

mental factors when designing and implementing such interventions.

3.1.3 Digital health literacy
Rs3: How can digital Health literacy be promoted within the school setting to ensure reflective and re-

sponsible use of mHealth applications among mid adolescents?

e Hs.i: Both physical education teachers and mid adolescent students show digital health literacy
deficits.

e Hs,: Given the high proportion of practical elements and facilities required, the conditions for
teaching digital health literacy in physical education differ considerably compared to other disci-

plines.

Regarding the research question "How can digital health literacy be promoted within the school setting
to ensure reflective and responsible use of mHealth applications among mid-adolescents?", it was
found that there initially is a lack of mobile devices with which innovative digital teaching and learning
projects to promote digital health literacy could be implemented. Consistent with previous research,
a discrepancy between the existence of digital media and their active use in teaching was observed

(Drossel et al., 2019). This could be due to outdated technological equipment or a lack of digital literacy
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among teachers (Baumgartner et al., 2016). One solution to obtain missing mobile devices would be
to apply for funding from the Digital Pact School (BMBF, 2023). However, using private devices could
exacerbate the existing "digital divide" (Ho & Tseng, 2006). There are options to integrate movement
and health competency education in homeschooling. For example, the app "Teamfit" can induce step
challenges between the class and the teacher. Careful selection of digital applications to promote dig-
ital health literacy is essential in this type of teaching integration (Stassen et al., 2020). In addition,
there needs to be a pedagogical strategy for using mobile devices in physical education (Anastasopou-

lou et al., 2014), as the high level of PA requires different conditions than in other subjects.

Similar to surveys of students, teachers tend to underestimate their own digital health literacy (Da-
daczynski et al., 2021). The results suggest a discrepancy in digital health literacy between biol-
ogy/health and physical education teachers, particularly in the eHLQ dimension "knowledge of basic
physiological functions, one's own health status, risk factors, and ways to avoid them". This is surpris-
ing, given that it is generally assumed that a sports degree includes basic knowledge of preventing
various diseases. Additionally, the relevance of digital health literacy for teachers in all three subject
areas is included in educational plans. It is possible that physical education teachers face the greatest
barriers to implementing these teaching-learning concepts. It is unclear whether this is due to self-
perception or the teachers' role in physical education. It is worth considering to what extent functional
implementation of digital content is feasible in physical education, particularly in primary and second-
ary schools, since gymnasiums have fewer technological resources compared to other subject areas.
Furthermore, focusing on digital health literacy in practical physical education would initially reduce
movement time and intensity. Therefore, it seems that there is no place for digital health literacy in
traditional physical education. Only when physical education is cancelled due to the COVID-19 pan-
demic (as demonstrated in the qualitative survey of this study), a time frame becomes available for
developing movement-based teaching and learning concepts to promote digital health literacy. Exist-
ing innovative concepts include the integration of virtual reality content and 360-degree videos. How-
ever, the fact that digital content has only gained relevance in physical education due to pandemic-
related constraints reveals long-standing structural methodological and didactic deficits in physical ed-
ucation. The overarching goal should thus be to catch up with other subject cultures regarding digital-
ization, to equip sports facilities with digital resources and to develop methodological-didactic ap-
proaches to using digital tools to promote movement time, even after the pandemic. Based on their
pedagogical experience, the teachers selected a methodology that consciously aims to promote stu-
dent responsibility, self-management, and time-management. The idea is to transfer the topics of dig-
ital health literacy promotion to cooperative and self-directed learning forms in physical education.
This can lead to an improved ability to act in the fields of sports and health for sports teachers and

potentially contribute to a more health-conscious lifestyle among learners.
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The smartphone ban in schools is a further obstacle to implementing teaching-learning projects for
digital health literacy. Although smartphones can impair interpersonal communication, distract from
teaching, and enable cyberbullying, a deliberate and comprehensive promotion of responsible tech-
nology use is needed. Smartphones can provide an added value in physical education by having a mo-
tivating effect, increasing learning time, and promoting critical media use by adolescents. It is also
useful to address the advantages and disadvantages of smartphone use in everyday school life and
highlight its positive aspects for constructive media use. To avoid disturbances in smartphone use dur-
ing teaching, binding rules for classroom use can help. Although smartphones are less used in physical
education due to high movement components, there are potentials, such as smartphone-based mo-
tion analysis. However, schools should provide smartphones for this purpose. Learners can create their
movement videos and identify relevant movement phases (e.g., throwing or swimming) with the help

of relevant teacher guidance and receive direct visual feedback.

The study results illustrate implications for the teacher education program in sports as well as the
urgent need to promote digital teaching skills among sports teachers. This need manifests itself, among
other things, in the fact that the surveyed sports teachers have the lowest value in digital health liter-
acy compared to expert colleagues. Since the promotion of health literacy is already located in the
curricula of the individual federal states, the transfer of “lessons learned” from distance learning
should be carried out in all practice-related modules during the preparatory service for teachers. This
could be implemented with specific training modules on (1) technical possibilities of smartphones and
tablets to support movement, motion analysis, and movement learning, (2) e- and mHealth possibili-
ties, or (3) integration of age-specific aspects of digital health literacy, e.g., in dealing with suitable
exercise programs in the event of school and sports club closures. It should be mentioned that the
competence to conduct digitally supported teaching events in the field of sports, as well as the tar-
geted use of methods for digital teaching of movement and, if necessary, movement competence, is a
derivative product of digital health literacy of teachers. However, digital health literacy is just one

aspect of successful digital teaching.

The situation during the pandemic highlighted the lack of digital health literacy among teachers and
students, necessitating adjustments in the long-term digital orientation of physical education. Many
new approaches have emerged in a short time, but they are currently only based on practical experi-
ence and require fundamental digital health literacy. Concepts for the teaching of digital health literacy
are missing. By promoting these topics in teacher education programs, especially in physical education,
teachers can benefit and handle distance learning situations better, as well as expand their methodo-
logical and didactic repertoire beyond the pandemic. In summary, this study extends the existing evi-

dence with the following aspects:
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1. A lack of mobile devices and digital literacy among teachers is preventing the implementation of
digital health competency teaching projects in schools.

2. PA and digital health literacy education can be integrated into homeschooling using digital apps
like "Teamfit," but careful selection of apps is crucial.

3. Teachers underestimate their digital health literacy, especially in the knowledge of basic physio-
logical functions, their own health status, risk factors, and ways to avoid them, particularly in phys-
ical education teachers.

4. Alack of technological resources in gymnasiums poses a significant challenge in implementing dig-
ital content into physical education, highlighting the importance to catch up with other subject
cultures regarding digitalization.

5. Smartphones can provide added value in physical education, but a smartphone ban in schools is
an obstacle to implementing teaching-learning projects for digital health literacy.

6. The urgent need to promote digital teaching skills among sports teachers is essential, and it could
be implemented with specific training modules on technical possibilities of smartphones, e- and

mHealth possibilities, and age-specific aspects of digital health literacy.

Based on the research findings, hypothesis 1 can only be partially accepted, as the empirical approach
to assessing the digital health literacy of children and adolescents was not sufficient. However, the
gualitative responses strongly suggest that the hypothesis is likely to hold true. The results indicated a
deficit in digital health literacy among teachers, particularly in the domain of physical education. Hy-
pothesis 2, on the other hand, can be accepted, as both the interviews and the online survey revealed
fundamentally different prerequisites for the transmission of digital health literacy in the field of
sports. The identified infrastructure problems, such as the lack of Wi-Fi access, present a challenge,

but also offer great potential for further development in this area.

3.1.4 Degree of individualization
Rs: How does individualization affect the effectiveness of physical activity-based mHealth interven-

tions?

®  Hai: Individualized mHealth interventions show higher effectiveness with late adolescents and
adults compared to non-individualized interventions.
e Ha>: Promoting physical activity effectively with individualized mHealth interventions benefits var-

ious other health outcomes.

To answer this question, the aforementioned multi-armed randomized controlled trial was conducted.
Contrary to our expectations, stress-related HRV-parameters did not show significant improvements

over time, regardless of the study-arm or the resulting level of individualization. Within this context,
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the stress buffering hypothesis assumes that PA and stress perception are closely related constructs
(Gerber & Piihse, 2009). However, to achieve cognitive and psychophysical adaptations through PA,
continuous, specific training according to exercise principles is necessary for sustainable effects
(Borresen & Lambert, 2009; Herold et al., 2019). To gain a positive effect on HRV parameters or sub-
jective reported stress, physical exercise such as yoga or endurance training needs to be performed on
a regular basis (Bischoff et al., 2019). Aside from the challenges in obtaining the stress-related param-
eters, an 8-week intervention may in retrospect be insufficient to activate physiological mechanisms
that have a stress-buffering effect. Long-term interventions may be necessary for addressing chronic
stress symptoms or for addressing more complex health issues that require sustained support and
intervention. An even stronger involvement of the participants would have been useful in terms of
intervention mapping (Colquhoun et al., 2017). Moreover, the lack of supervision during the interven-
tion in the mHealth interventions forced the participants to self-pace the intervention. This is a major
disadvantage compared to supervised interventions (Chen et al., 2021; Fleischmann et al., 2018). Thus,
it can be inferred that incorporating motivational elements and structured guidance for engaging in
supplementary physical exercise alongside the utilization of the mHealth intervention is deemed im-
perative. In contrast to the results on the physiological HRV based stress parameters, the interventions
show positive effects on the accelerometry-based measured PA related outcomes in high individual-
ized app-based study-arms (app-based digital stress management interventions with sensory biofeed-
back with and without health report). Strikingly, the small to moderate effects in PA typical for mHealth
interventions (Monninghoff et al., 2021) could only be shown for the outcomes of MVPA and inactivity
interruptions but not for those of steps and inactivity. Besides the fact that the considered interven-
tions did not have steps and inactivity reduction as a primary goal, the nature of the nursing profession
could be another possible explanatory mechanism: other studies indicate higher step counts in nurses
than in other occupations (Chang & Cho, 2022) as well as long work commutes and night shifts with
long inactive periods (Hazzard et al., 2013). Consequently, while a participant completes the interven-
tion during working hours as instructed, this results in higher levels of MVPA and increased inactivity
disruptions on the one hand; on the other hand, it inevitably results in an elevated, consistent step
count due to patient work and elevated, unavoidable inactivity levels due to commutes and night
shifts. The findings from our study suggest that the relationship between PA and stress may vary de-
pending on the context in which the activity takes place. This supports the idea of the “physical activity
paradox” (Coenen et al., 2018; Holtermann et al., 2018), which refers to the idea that the benefits of
PA may depend on the specific circumstances in which it occurs. Our results suggest that PA may be
perceived as more stressful when it is part of work, rather than leisure time, which suggests that inter-
ventions aimed at increasing PA in a work setting may not necessarily reduce stress levels. However, if

PA is increased without also increasing stress, this could still be considered an improvement. Overall,
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these findings highlight the importance of considering the context in which PA occurs and the need to
differentiate between occupational and leisure time PA when studying the relationship between PA

and stress.

However, the effectiveness of an app-based intervention seems to be largely dependent on design
aspects and user-centeredness. Despite all efforts to represent different levels of individualization
across study-armes, it could not be clarified which level of individualization is more effective based on
effect sizes, as only both of the app-based interventions were able to show significant effects. With
respect to our initial hypothesis, we would have assumed that study-arm 1 (WBT only) failed to show
effects due to a lack of individualization. This idea was supported by the results. It would have been
reasonable to suspect that effectiveness would increase across the remaining four study-arms due to
increasing individualization. However, no significant effects were found for study-arms 2 (need-ori-
ented WBT) and 3 (need-oriented WBT and coaching). Study-arms 4 (biofeedback app without health
report) and 5 (biofeedback app with health report) each indicated homogeneous effect sizes for the
outcomes MVPA and inactivity disruption. Thus, it could be argued, that based on the results of this
study, it seems to make no difference whether a health report is displayed or not. However, one pos-
sible reason for this result could also be the small sample size in the individual study-arms. Due to the
high dropout rate, the number of subjects was insufficient to show the expected moderate effects
according to the power analysis. The results should therefore be interpreted with caution. Neverthe-
less, the findings further indicate that individualized app-based interventions with direct biofeedback
and differentiation by personality structure show better effectiveness than web-based trainings (WBT)
accessed via the smartphone browser. However, one reason for the high dropout rate was technical
complaints while using the app-based interventions. With additional effort in the technical aspects,
this disadvantage could be minimized. Therefore, it remains unclear to what extent the need orienta-
tion or the coaching, which were exclusive for WBT, would have resulted in a further improvement of
the effect size in the app-based interventions. One possible explanation for the limited effectiveness
of our intervention, in addition to the high dropout rate, is the insufficient incorporation of health
behavior change strategies. While our biofeedback app included both active and passive behavior
change techniques and promoted stress management skills, some of the content proposed by Bischoff
et al. (2021) was not implemented. Specifically, we applied individualization of app content, fulfilling
common weekly goals and tasks, increasing knowledge about a healthy lifestyle, reminders for objec-
tives, and controlling and checking progress but did not include many suggestions for activities with
diaries for documentation and development of strategies or informational or instructional videos. The
inclusion of these behavior change mechanisms could potentially enhance behavior change in future
interventions. In summary, the following aspects are the most relevant to answer the research ques-

tion and extend the existing body of evidence in this field of research:
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1. App-based study-arms that are highly individualized exhibit favorable outcomes on accelerometry-
based measures of physical activity.

2. Long-term interventions may be a requisite for addressing chronic stress symptoms or complex
health issues that demand sustained support and intervention.

3. Sustainable cognitive and psychophysical adaptations through physical activity necessitate contin-
uous, specific training based on exercise principles. The guidance of an app alone may not suffice
in achieving these goals. The effectiveness of app-based interventions is primarily dependent on
design aspects and user-centeredness.

4. Unsupervised mHealth interventions that mandate participants to self-pace the intervention may
be significantly disadvantaged compared to supervised interventions.

5. The nursing profession's nature may serve as an explanatory mechanism for the modest to mod-
erate effects of physical activity interventions.

6. The relationship between physical activity and stress may be subject to variability based on the
activity's context, according to the findings.

7. Personalized app-based interventions that offer direct biofeedback and differentiation by person-
ality structure present superior efficacy in comparison to web-based trainings accessed via the

smartphone browser.

Technical grievances encountered during app-based interventions contributed to the high dropout
rate. However, additional efforts in addressing the technical aspects could potentially mitigate this
disadvantage.Thus, the research question can only be partially answered. Indeed, Individualization ap-
pears to influence the effectiveness of PA-based interventions, and individualized app-based interven-
tions demonstrate the highest effect sizes compared to non-individualized interventions. However,
effect sizes are only weak to moderate, and other health outcomes such as stress are not positively
affected by it. The partial acceptance of Hypothesis 4.1 is warranted solely in light of the observed
effects pertaining to app versus web-based interventions, whereas the nullification of Hypothesis 4.2
is justified, given the absence of positive stress-related outcomes. Nevertheless, additional inquiry is

indispensable to explicate this matter.

3.2 STRENGTH AND LIMITATIONS OF THIS DISSERTATION
This PhD thesis has several limitations, which are described in the subsequent paragraphs. Beginning

with the systematic review, it is the first to differentiate between SB and IPA when considering the
effects of mHealth on children and adolescents and contrast both study effects and bias. Moreover,
no other review in the field to date includes a narrative analysis of individualized elements in mHealth
interventions and relates them to intervention effectiveness. Another unique feature is the explora-

tory meta-regression. In addition to these strengths, the conducted review underlying this PhD thesis
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has numerous limitations, both at the study and review levels. At the study level, apart from the studies
by von Pyky et al. (2017), van Woudenberg et al. (2018), and Nystrém et al. (2017), the sample size
was generally moderate to small, which may have biased the results. It should also be noted that most
of the studies included multiple outcome parameters and that the primary objective of these studies
was not to decrease IPA and SB. As a consequence, we assume that the observed effect sizes do not
fully reflect the magnitude of the true effect. If all the included mHealth interventions were targeted
at reducing IPA or SB alone, the results would certainly be more conclusive. Conspicuous among stud-
ies with small sample sizes compared with those with larger samples is the lower rating in the ROB
assessment. In addition, there was a small number of included studies and partly considerable heter-
ogeneity because of deviants, for example, the results of the study by Pyky et al. (2017). This could be
because of the major variability in the study design or the diverse target and age groups. At the review
level, the asymmetries observed in the funnel plot of the SB outcome indicate a publication bias. This
is probably because of the study by Pyky et al. (2017), although the ROB assessment in this study was
positive. Furthermore, it should be noted that the study results of Sirriyeh et al. (2010) could not be
included in the meta-analysis because of a lack of reporting and as the authors did not provide any
data when asked repeatedly. As the study was a 4-arm randomized controlled trial, this would certainly
have been insightful for the review. In the included studies with several study-arms, such as the study
by Direito et al. (2015), it was observed that the results of individual studies sometimes differed con-
siderably. In this case, the immersive app Zombies, Run showed a substantially smaller effect than the
nonimmersive app Get Running. Although other existing meta-analyses in the field of mHealth for chil-
dren and adolescents similarly integrate multiple study-arms (e.g., He et al. (2021)) and we attempted
to avoid potential overpowering by using the splitted shared group procedure (Riicker et al., 2017),
this approach should be considered controversial. Arguably, one author team was responsible for an
excessive degree of evidence. For example, if a study shows a high ROB and includes four study-arms,
it leads to a globally insufficient certainty of evidence. As the only way to avoid this potential bias is to
deliberately exclude existing evidence, further research should focus on minimizing the number of
study-arms and developing new statistical methods to address this issue. Another limitation of this
review was that follow-up data were not extracted. As mHealth in children and adolescents is still a
relatively young field of research, we did not consider there to be enough studies with follow-up meas-
urements for a meta-analysis and therefore decided not to include follow-up measurements for rea-
sons of evidence comparability. However, concerning mHealth in adults, it has already been shown
that the effects of the interventions decrease in the long term (Ménninghoff et al., 2021). If more
mHealth trials with children and adolescents are published, we suggest replicating this review, includ-
ing its follow-up effects. We assume that the long-term effects of mHealth induced behaviour change

are considerably stronger in children and adolescents than in adults, as they may not yet be as well-
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established as for adults. In general, the results of this review and meta-analysis should be interpreted
with caution, as only moderate to low certainty of evidence is warranted based on the grading of rec-
ommendations, assessment, development, and evaluations rating. In addition, many publications
identified in the systematic literature screening were excluded as they were study protocols or small
pilot studies. Therefore, this review should be updated at a later point in time. Furthermore, there is
also limited comparability between the included studies, as the mechanisms of the considered
mHealth interventions certainly move along disparate causal pathways in different age groups. In sum-
mary, despite some limitations, the conducted meta-analysis extends the existing evidence of a fledg-
ling field of research by distinguishing IPA from SB, and by providing a detailed review and systemati-
zation of interventions as well as meta-regression and sets the groundwork for the further studies of

this PhD thesis by specifically identifying research gaps.

The second research question, which led to three publications from a related research project, con-
ducted a comprehensive survey on family health behavior in Germany. The study had a large sample
size of 1008 families and 3794 participants, making it the most comprehensive survey on family health
behavior in Germany. The study identified nature-based joint activities with the family as an area of
exercise-related family health promotion which has not been the focus of mHealth interventions. The
study also found that many existing family-based mHealth interventions do not demonstrate effective-
ness due to a lack of overlap between parental and child/adolescent health goals. This study is the first
to identify health goals beyond the current health status and examine the intersection between family
members. However, the study has some limitations. The questionnaire used in the study only con-
tained parts of validated questionnaires and was further developed and adapted to the needs and
requirements of the health insurance company, which funded this study. If the entirety of the original
guestionnaires would have been used, it would likely have resulted in a significantly smaller sample
size. Additionally, random sampling was limited as only insured persons from a German health insur-
ance company were included, and response bias due to social desirability cannot be excluded. Further-
more, the lack of discourse on age-appropriate use of digital media is a limitation, and assessing more
than one family member was not possible at this stage of the project. A holistic analysis of the require-
ments of an app that targets the entire family is needed, and the identification of the target group was
only based on two items due to practical reasons and the length of the existing survey in a larger re-
search project. The study's results can be regarded as exploratory and should be replicated using vali-
dated scales. Nonetheless, because of the large sample size, the study's findings support the idea of

individualization in the development of mHealth interventions.

The next study focused on examining the digital health literacy of mid-adolescents, a topic that has
gained significant relevance amidst the ongoing Covid-19 pandemic. Although the study had a slightly

smaller sample size than some previous research, it was able to shed new light on the shortcomings of
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both physical education teachers and students in relation to digitization in the context of physical ed-
ucation. The study also emphasized the importance of digital health literacy in the current climate.
However, the study had some limitations that should be addressed in future research. Firstly, the dig-
ital health literacy of students could not be fully assessed as standardized instruments for this target
group were not available. Thus, future studies should develop and use validated tools to assess digital
health literacy in adolescents. Additionally, the sampling technique used in the study was non-random,
and the distribution of teachers in the groups was uneven, which limits the generalizability of the re-
sults. Future studies should ensure that random sampling techniques are employed to increase the
external validity of the findings. Moreover, the study sample consisted of teacher education students,
trainees, and certified teachers, all relatively young of age. While this allowed for diverse perspectives
to be considered, the inclusion of older, more experienced teachers could have provided more detailed
insight into the challenges faced in everyday school life. Future studies should aim to recruit a more
diverse sample of participants. The study's validity was also affected by several factors. For instance,
not all participating students had taught during the first lockdown, even though they had practical
experience. Additionally, certain individuals dominated the discussion in focus group interviews, which
only became apparent during the data analysis phase. To address this issue, future moderators of focus
groups should employ measures to ensure equitable participation among participants. Finally, the
study employed non-standardized measurement instruments, which may have resulted in selective
item selection. Future studies should validate the measurement tools used or only use validated as-
sessment instruments to ensure that the study results are comparable across different research set-
tings. By addressing these limitations, future research can build upon the findings of this study and

provide more comprehensive insights into the digital health literacy of mid-adolescents.

Finally, the strengths and limitations of the randomized controlled trial are presented. To the best of
our knowledge, this is the first mHealth intervention of this quality and complexity in the healthcare
setting, demonstrating initial effects in the area of physical effectiveness despite a small sample size
and high dropout rates. Moreover, it is the first mHealth intervention including multiple study-arms
with different levels of individualization demonstrating differences in effectiveness. However, the con-
ditions of data collection were difficult, which may have contributed to the high dropout rates. The
dropout rate of 74% was almost four times higher than expected due to the inability to establish per-
sonal contact with participants during the COVID-19 pandemic. Email-based communication appeared
to be ineffective in the healthcare setting, resulting in the exclusion of 113 individuals due to non-
response. A potential contributor to communication issues and technical inconsistencies was the low
level of digital literacy among the nurses. Although these circumstances were considered when design-
ing the intervention, pre-interventional training to develop digital literacy could be provided in future

interventions. The intervention or measurement procedure may also have contributed to the high
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dropout rate. Excessive demands were placed on healthcare workers due to the numerous extensive
guestionnaires, autonomous sensor ordering, and proprietary installation of the app. Additionally, the
app did not support push notifications, and synchronization problems between the app and sensor
occurred frequently. In terms of the measurement procedure, it should be noted that the intervention
had different initiation times and durations for all participants. Participants were instructed to wear
the sensor during working hours and for at least 48 hours. The timing of sensor wearing, and vacation
periods were not identifiable from the data. Within the scope of this dissertation, it would have been
ideal to incorporate a study population exclusively comprising individuals in the late adolescent phase.
However, due to the limitations imposed by the pandemic, this was only feasible to a certain extent.
As a result, any inferences derived from the outcomes pertaining to late adolescent youths should be

approached with prudence.

3.3 CONCLUSIONS AND PERSPECTIVES
The aim of this dissertation was to investigate the impact of individualization on the effectiveness of

mHealth interventions for children and adolescents at different developmental stages. The results re-
vealed that each developmental stage of children has unique requirements. For instance, in early child-
hood and adolescence, it is beneficial to involve the social environment of the family, whereas in mid-
dle adolescence, the development of digital health literacy for independent use of mHealth interven-
tions becomes more relevant. In late adolescence, individualization of interventions through biofeed-
back or more complex methods such as machine learning becomes significant. The results obtained
from the late adolescent population are likely transferable to adult populations, including healthcare
professionals. Furthermore, the findings suggest the existence of an optimal level of individualization,
beyond which the inclusion of additional individualized elements does not necessarily enhance the
intervention's efficacy. Despite several limitations, the individualized mHealth interventions were
found to influence the PA and health behaviors of children and adolescents more than non-individual-
ized interventions, provided that they appropriately address the digital health literacy according to the
child's developmental stage, involve social systems, and are based on central theories of health behav-
ior change and have an educational approach. Future approaches should focus on the appropriate use
of health data to develop context-specific and relevant interventions that act according to gender,
culture, and digital health literacy. Therefore, individualization alone appears to be a partial aspect of
the effective application of mHealth interventions, but it does not solve all problems. These aspects
are combined in the proposed Youth mHealth Behavior Change Model, which combines the HAPA
model with the self-Efficacy model and study findings, providing a framework for movement-related

health behavior change for children and adolescents through mHealth interventions.
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3.3.1 Theoretical development of mHealth interventions for children & adolescents

To further enhance the development of mHealth interventions, an advancement of existing theories
like the self-efficacy model and the HAPA model as well as of the key findings of this Dissertation is
provided. As introduced above, the self-Efficacy model emphasizes the crucial role of self-belief in pre-
dicting and changing health behaviors. It proposes that individuals with high self-efficacy for a specific
behavior are more likely to initiate and maintain that behavior. On the other hand, the HAPA model
identifies two distinct phases of behavior change: the motivational phase and the volitional phase. The
motivational phase involves forming an intention to engage in a behavior, while the volitional phase
involves translating that intention into actual behavior change. By integrating the Self-Efficacy and
HAPA models along with key findings of this thesis, the proposed Youth mHealth Behavior Change
Model (YMHBCM) (figure 9) provides a comprehensive framework for PA-related health behavior
change in children and adolescents through mHealth interventions. This integrated framework offers
amore thorough understanding of the processes involved in behavior change and provides an effective
approach for designing mHealth interventions that encourage PA-related health behaviors in children
and adolescents. This proposed model complements existing theories insofar as the sub-components
for promoting self-efficacy are mapped to the stages of the HAPA model based on the study results,
and relevant core elements for mHealth interventions for children and adolescents are extended on

the various stages of behavior change.

Pre-intentional children and adolescents are best reached through verbal persuasion based on the re-
sults of the sub-studies, using pedagogical approaches and interventions that match the developmen-
tal stage. However, the challenge lies in translating intention into action. Here, the digital health liter-
acy of children and adolescents, the social environment, and vicarious experiences are particularly im-
portant, as well as setting common goals. Intentional children and adolescents should therefore be
encouraged by mHealth content tailored to their needs to actually implement and maintain their in-
tention. Solely in the post-intentional phase it becomes relevant to integrate more complex mecha-
nisms of physiological feedback such as biofeedback, JITAI, or machine learning content to ensure a

long-term impact of the intervention.

The proposed YMHBCM has several potential implications for different target groups, including chil-
dren and adolescents, parents, and mHealth intervention developers: For children and adolescents,
the model suggests that mHealth interventions should be tailored to their developmental stage and
digital health literacy and involve their social environment to provide support and motivation. The
model also emphasizes the importance of setting common goals and providing interventions that

match their specific needs to help them initiate and maintain behavior change. Therefore, mHealth
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interventions can be designed to effectively target and support children and adolescents in adopting

PA-related health behaviors.

YOUTH MHEALTH BEHAVIOUR CHANGE MODEL “
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Figure 9: Suggested Youth mHealth Behavior Change Model (YmHBCM)

Parents can also benefit from the proposed model, as it highlights the importance of involving them in
mHealth interventions and setting goals together with their children. Parents can play a significant role
in providing support and motivation for their children and can be valuable partners in the process of
behavior change. Additionally, parents can improve their own digital health literacy, which can have a
positive impact on their children's health behavior. For mHealth intervention developers, the proposed

model provides a comprehensive framework for designing effective interventions that promote PA-
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related health behaviors in children and adolescents. The model emphasizes the importance of tailor-
ing interventions to the developmental stage of children and adolescents, as well as their digital health
literacy, and involving the social environment to provide support and motivation. The model also high-
lights the importance of integrating more complex mechanisms of physiological feedback in the post-

intentional phase to ensure long-term impact.

In summary, the proposed YMHBCM can help guide the development of effective mHealth interven-
tions that target PA-related health behaviors in children and adolescents. It highlights the importance
of considering the specific needs of different target groups and involving their social environment to
provide support and motivation. By using this model, mHealth interventions can be individualized to
effectively target and support children and adolescents in adopting and maintaining PA-related health

behaviors.

3.3.2 Methodological development of mHealth interventions for children & adolescents

mHealth interventions for children and adolescents have the potential to provide efficient and acces-
sible healthcare services. However, there are challenges associated with the design and implementa-
tion of these interventions and methodological advancements are necessary. Several strategies have
been suggested to improve the methodological aspects of mHealth interventions for children and ad-
olescents, including the use of mixed methods approaches, stakeholder involvement in the interven-
tion development process, and rigorous testing and evaluation of the interventions (Schmidt et al.,
2022). One promising avenue for methodological improvement in mHealth interventions is the use of
user-centered design (UCD) principles (Boudreaux et al., 2014), which represent a special case of indi-
vidualization. UCD emphasizes the involvement of end-users, including children and adolescents, in
the design and development process to ensure that the interventions are tailored to their needs and
preferences. The use of UCD has been shown to enhance the effectiveness and acceptability of
mHealth interventions for children and adolescents (Boudreaux et al., 2014). Another methodological
approach that could enhance mHealth interventions for children and adolescents is the use of more
adaptive designs. Adaptive designs allow for modifications to be made to the intervention in response
to participant feedback or changes in the study environment (Collins et al., 2004). This approach could
enable the tailoring of interventions to individual needs and preferences, leading to increased engage-
ment and effectiveness. Two special cases for this kind of individualization are JITAl or adaptive assess-
ment (Hardeman et al., 2019). JITAl allows for interventions to be delivered at the right time and in the
right context based on the individual's current situation and needs. Adaptive assessment, on the other
hand, involves collecting data from multiple sources, such as wearable devices and smartphones, to
provide a comprehensive understanding of the individual's behavior patterns. The use of JITAIl and

adaptive assessment can help mHealth interventions to better address the unique needs of children
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and adolescents by providing interventions that are tailored to their specific context, behavior pat-
terns, and preferences (Nahum-Shani et al., 2018). For example, a JITAl intervention can deliver a re-
minder to a child to engage in PA when they are in a setting that is conducive to PA, such as a play-
ground. Similarly, adaptive assessment can collect data on the child's PA patterns throughout the day

and provide personalized feedback and recommendations for increasing PA.

Research has shown that the use of JITAl and adaptive assessment can lead to improved intervention
outcomes and user engagement in mHealth interventions for children and adolescents (Lathia et al.,
2017). Therefore, further development and integration of JITAl and adaptive assessment into mHealth
interventions can enhance the effectiveness and usability of these interventions for promoting healthy
behaviors among children and adolescents (Wang & Miller, 2020). Wunsch et al. (2022) proposed a
conceptual framework for the integration of JITAl into mHealth interventions. The framework posits
five factors that should be taken into consideration during the development of JITAls, which include
responsiveness in real-time, adaptability to input data, system-triggered responses, goal-oriented de-

sign, and customization to user preferences.
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Figure 10: Conceptual framework of JITAls: On the left, this figure indicates the theoretical limplications of mHealth for certain
outcome variables (on the right). Here, just-in-time adaptive interventions (JITAls) as an mHealth special feature are described
thoroughly concerning their key facets tailoring variables and decision points and rules for targeted behaviour attainment.
(Excerpted from Wunsch et al. 2022.)

These findings align with the primary findings of this dissertation (see figure 9) and once again highlight
the need for individualization on various levels. Additionally, the framework identifies two significant
challenges associated with JITAI interventions, namely the identification of opportune moments and

the potential of machine learning approaches for further individualization of mHealth interventions.

As highlighted in the framework, machine learning (ML) as well as artificial intelligence (Al) algorithms

have the potential to enhance the effectiveness of mHealth interventions for children and adolescents
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by enabling individualized and adaptive interventions (Khan & Alotaibi, 2020). ML and Al can be used
to analyze data collected from the interventions, such as user engagement and activity levels, to opti-
mize the intervention content and delivery in real-time (Triantafyllidis & Tsanas, 2019). By analyzing
large amounts of data and identifying patterns, these tools can help to individualize interventions and
improve their effectiveness. One way machine learning can enhance mHealth interventions is through
its ability to predict and prevent relapses. By monitoring individual data patterns over time, machine
learning algorithms can recognize patterns of behavior that precede relapse, enabling timely interven-

tions to prevent relapse (Fond et al., 2019).

Another way in which machine learning can improve mHealth interventions is through its ability to
identify individuals who are most likely to benefit from specific interventions. For example, in a study
by Maniruzzaman et al. (2022), machine learning algorithms were used to predict which children with
attention-deficit/hyperactivity disorder (ADHD) would benefit from a specific mHealth intervention.
The results showed that children who were identified as likely to benefit from the intervention had
significantly greater improvements in ADHD symptoms compared to those who were not identified as
likely to benefit. In addition, machine learning algorithms can be used to improve the accuracy of di-
agnoses and identify comorbidities. In a study by Aleem et al. (2022), machine learning algorithms
were used to predict which individuals with depression would also have anxiety disorders. The results
showed that the algorithm was able to accurately identify individuals with comorbid anxiety disorders,
demonstrating the potential for machine learning to improve the accuracy of diagnoses and identify
comorbidities. This concept must be contextualized within the domain of PA. Overall, machine learning
and algorithms have the potential to significantly enhance mHealth interventions for children and ad-
olescents by individualizing interventions, predicting and preventing relapses, identifying individuals
who are most likely to benefit from specific interventions, and improving the accuracy of diagnoses

(Aleem et al., 2022; Maniruzzaman et al., 2022; Wunsch, K., Fiedler, J., Eckert, T., & Woll, A., 2022).

More recently, Al integrations into mHealth interventions have emerged, which can be used even more
efficient to analyze large amounts of data collected from sensors and mobile devices, identify patterns,
and provide personalized feedback to users (Khan & Alotaibi, 2020). It identifies individual health be-
havior patterns and provides tailored feedback and recommendations, which can improve the effec-
tiveness of mHealth interventions as well as changes in health status. Moreover, itcan detect early
signs of disease, and therefore alert healthcare providers when interventions may be needed (Kumar
et al.,, 2022). Furthermore, Al can automate routine tasks and decision-making processes, thereby im-
proving the efficiency of healthcare delivery and reducing the burden on healthcare professionals
(Bohr & Memarzadeh, 2020). While there is great potential of these technologies for improving health
outcomes, it is also important to consider potential risks and challenges. One key concern is the accu-

racy and reliability of Al algorithms, which can be influenced by biases in data collection and algorithm
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design (Belenguer, 2022). Additionally, the implementation of Al in healthcare settings may lead to
issues with privacy and security, as well as ethical considerations surrounding data ownership and con-

sent (Bélisle-Pipon et al., 2021)

Moreover, the integration of Al may exacerbate existing health disparities, as it may not be accessible
or effective for all populations, particularly those with limited access to technology or resources (Chen,
Joshi, Ghassemi, 2020). Therefore, while Al integration in mHealth interventions has the potential to
revolutionize healthcare delivery, it is important to approach these innovations with a critical lens and
consider the potential risks and challenges associated with their implementation. Both JITAls and ap-
proaches utilizing Al and machine learning share a common objective of extracting meaningful utility

from continuously gathered health data, thereby promoting individualization for the user/patient.

To ensure an even more precise utilization of health data, an additional critical component in the meth-
odological advancement of movement-related mHealth interventions, apart from User-Centered De-
sign (UCD), JITAIs, ML, and Al, is the quantification of PA. Contemporary methods depart from conven-
tional metrics such as step count, MVPA, and SB, emphasizing a more comprehensive approach that
scrutinizes the entire diurnal routine, including recovery periods: the 24-hour physical activity circle
approach. This could be a promising method to develop mHealth interventions for children and ado-
lescents, as it considers PA across the entire day, including both structured and unstructured activities,
and SBs (Rosenberger et al., 2019). It has become more common to use this approach in research
studies, but its implementation in clinical practice and public health initiatives is still limited. In some
countries, such as Canada (CSEP, 2023) and Australia (Australian Government & Department of Health,
2023), the approach is consistent with PA guidelines and can be used to support policy development.
It involves examining the full range of PA behaviors during the day, such as sleep, leisure time, active
transportation, and school time, and implementing interventions that target different components of
the PA circle (Rosenberger et al., 2019). A core component included in the 24-hour physical activity
circle approach is the incorporation of recovery periods. This is also being reflected in newer parame-

ters in the field of HRV (Schaffarczyk et al., 2022).

To further develop mHealth interventions using the 24-hour physical activity circle approach, research-
ers can utilize wearable technology and mobile applications to track and provide real-time feedback
on PA behaviors as well as recovery periods throughout the day (Peterson et al., 2018). Additionally,
interventions can be tailored to the specific needs and preferences of children and adolescents, incor-
porating fun and engaging activities to promote sustained participation (Leblanc et al., 2013). Collab-
oration with parents and schools can also enhance the success of interventions by promoting a sup-

portive environment for PA across different settings (Jago et al., 2014).
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Figure 11: lllustration of the final conceptual model of movement-based terminology arranged around a 24-h period (Tremblay
etal., 2017)

In conclusion, the 24-hour physical activity circle (Tremblay et al., 2017) approach provides a compre-
hensive perspective for developing effective mHealth interventions for children and adolescents. By
considering the full range of PA behaviors and utilizing technology and tailored interventions, mHealth
interventions can promote sustained PA and reduce SB among young people. The trend in the meth-
odological advancement of mHealth applications for children and adolescents is moving towards more
holistic approaches to human movement, in addition to the growing possibilities of individualization
through complex techniques such as JITAl and gamification, as well as increasing automation through

ML and Al.
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3.3.3  Further differentiation of mHealth interventions for children & adolescents

Overall, a more differentiated approach like individualization to mHealth intervention development
and implementation can help to address the diverse needs and preferences of children and adoles-
cents and promote sustainable behavior change over time. This includes (1) adapting the complexity
of mHealth interventions, as well as (2) accommodating diversity and heterogeneity, and (3) integrat-
ing children and adolescents into the development of mHealth interventions through participatory ac-

tion research.

(1) Adaption of intervention complexity: It is important to adapt the content complexity of mHealth
interventions for children and adolescents to ensure that they are appropriate and effective for
this age group. Children and adolescents have different developmental needs and abilities com-
pared to adults, and therefore, interventions designed for adults may not be suitable or engaging
for young people. By adapting the content complexity, mHealth interventions can be tailored to
the cognitive and emotional developmental stages of children and adolescents, making them more
accessible, understandable, and engaging. This can increase the likelihood of successful behavior
change and promote long-term adoption of healthy behaviors, leading to better health outcomes.
For example, complex indices and health parameters may be difficult for younger children to un-
derstand and may not be motivating. To address this, the effectiveness of gamification elements
is evident (Suleiman-Martos et al., 2021), as well as the use of avatars or particularly visual content.
Special attention should also be given to educationally disadvantaged populations, where lan-
guage barriers may exist, and the parents of children may only be able to provide limited support.

(2) Adaption to diversity and heterogeneity: Adapting mHealth interventions for children and adoles-
cents to diversity and heterogeneity is important for several reasons. First, children and adoles-
cents come from diverse backgrounds, including different cultures, socioeconomic status, and
health conditions. Therefore, interventions need to be adapted to meet the unique needs and
challenges of different subgroups within this population. Second, adapting mHealth interventions
to diversity and heterogeneity can help to reduce health disparities and promote health equity.
Certain populations may face greater barriers to accessing and utilizing mHealth interventions,
such as language barriers, lack of technological access, or limited digital health literacy. Adapting
interventions to address these barriers can improve the reach and effectiveness of interventions
for these populations. Third, by adapting mHealth interventions to diversity and heterogeneity,
interventions can be more engaging and relevant to the needs and interests of the target popula-
tion. This can increase motivation and adherence to the intervention, leading to better health out-
comes. From a differentiational perspective, the development of mHealth interventions for chil-

dren and adolescents requires a focus on individual differences and the recognition that there is
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(3)

no one-size-fits-all approach. Differentiation theory suggests that individuals have unique devel-
opmental trajectories, and therefore, interventions should be tailored to meet individual needs
(Labouvie et al., 1991). One strategy to accomplish differentiation is through the implementation
of adaptive interventions that are customized to suit the specific characteristics and requirements
of each individual. Another approach to achieve differentiation involves emphasizing the hetero-
geneity of the intended audience. This could involve the use of culturally sensitive and linguistically
appropriate interventions, as well as interventions that are tailored to specific sub-groups within
the population (e.g., individuals with different levels of digital health literacy or those with differ-
ent mental health needs). It is important to acknowledge that not all interventions are amenable
to customization, as the process of tailoring interventions to accommodate the unique attributes
and requirements of each individual is often laborious and resource intensive. Individualized inter-
ventions may require additional assessments and analyses to determine the most appropriate and
effective strategies for each individual. This can increase the complexity and cost of the interven-
tion, making it less feasible for some interventions or populations. However, as technology and
data analytics continue to advance, there is increasing recognition of the importance of individu-
alized interventions for maximizing effectiveness and promoting sustained behavior change. As
such, efforts are being made to develop more efficient and cost-effective ways to individualize
interventions and tailor them to the unique needs and characteristics of each individual.

Participatory action research: This approach can be utilized in the development of mHealth inter-
ventions for children and adolescents and involves the active participation of stakeholders, includ-
ing children and adolescents themselves, as well as parents, educators, and healthcare providers,
in the development process. This approach can help ensure that the intervention is sensitive to
the needs and preferences of the target population, particularly as children and adolescents are
the end-users of these interventions. The involvement of children and adolescents in the develop-
ment process can promote ownership and engagement with the intervention, increasing their mo-
tivation to use it and thus leading to better outcomes. Additionally, participatory action research
can help identify and address potential barriers to implementation and uptake of mHealth inter-
ventions, including cultural, social, and technological factors that may influence their willingness
and ability to use the intervention. By tailoring interventions to meet the unique needs of individ-
uals and the diversity of the target population, mHealth interventions can be made more engaging
and effective. In summary, utilizing a participatory action research approach in the development
of mHealth interventions for children and adolescents can promote stakeholder involvement, in-
crease motivation and ownership, and identify and address potential barriers to implementation

and uptake. These efforts can lead to the development of interventions that are more tailored to
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the needs of individuals and the diversity of the target population, improving the effectiveness of

mHealth interventions for children and adolescents.

In conclusion and in addition to the study results, this thesis proposes a Youth mHealth Behavior
Change Model that integrates the Self-Efficacy and HAPA models with key findings to provide a com-
prehensive framework for designing mHealth interventions that promote PA-related health behaviors
in children and adolescents. The model emphasizes the importance of considering the specific needs
of different target groups and involving their social environment to provide support and motivation
and can guide the development of effective mHealth interventions. Additionally, the thesis suggests
several methodological advancements for future mHealth intervention developments, including user-
centered design principles, JITAI, machine learning algorithms, and a 24-hour PA circle approach. Col-
laboration with parents and schools can also enhance intervention success. To address the diverse
needs and preferences of children and adolescents, a differentiated approach that adapts intervention
complexity, accommodates diversity and heterogeneity, and involves children and adolescents in the
development process through participatory action research is important. This approach can promote
ownership and engagement, identify and address potential barriers, and lead to more tailored inter-

ventions that ultimately improve effectiveness.
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Abstract

Background: Children and adolescents increasingly do not meet physical activity (PA) recommendations. Hence, insufficient
PA (IPA) and sedentary behavior (SB) among children and adolescents are relevant behavior change domains for using
individualized mobile health (mHealth) interventions.

Objective: Thisreview and meta-analysisinvestigated the effectiveness of mHealth interventions on |PA and SB, with a special
focus on the age and level of individualization.

Methods: PubMed, Scopus, Web of Science, SPORTDiscus, and Cochrane Library were searched for randomized controlled
trials published between January 2000 and March 2021. mHealth interventionsfor primary prevention in children and adol escents
addressing behavior change related to |PA and SB were included. Included studies were compared for content characteristics and
methodological quality and summarized narratively. In addition, a meta-analysis with a subsequent exploratory meta-regression
examining the moderating effects of age and individualization on overall effectiveness was performed.

Results: Onthebasisof theinclusion criteria, 1.3% (11/828) of the preliminary identified studieswere included in the qualitative
synthesis, and 1.2% (10/828) were included in the meta-analysis. Trials included atotal of 1515 participants (mean age (11.69,
SD 0.788 years, 65% male and 35% femal e) self-reported (3/11, 27%) or device-measured (8/11, 73%) health dataon the duration
of SB and IPA for an average of 9.3 (SD 5.6) weeks. Studieswith high levels of individuaization significantly decreased insufficient
PA levels (Cohen d=0.33; 95% CI 0.08-0.58; Z=2.55; P=.01), whereasthose with low levels of individualization (Cohen d=-0.06;
95% Cl —0.32 to 0.20; Z=0.48; P=.63) or targeting SB (Cohen d=-0.11; 95% Cl -0.01 to 0.23; Z=1.73; P=.08) indicated no
overal significant effect. The heterogeneity of the studies was moderate to low, and significant subgroup differences were found
between trials with high and low levels of individualization (x?,=4.0; P=.04; 1°=75.2%). Age as a moderator variable showed a
small effect; however, the results were not significant, which might have been because of being underpowered.

Conclusions: Evidence suggests that mHealth interventions for children and adol escents can foster moderate reductionsin 1PA
but not SB. Moreover, individualized mHealth interventions to reduce IPA seem to be more effective for adolescents than for
children. Although, to date, only afew mHealth studies have addressed inactive and sedentary young people, and their quality
of evidence is moderate, these findings indicate the relevance of individualization on the one hand and the difficultiesin reducing
SB using mHealth interventions on the other.
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Introduction

Rationale

“Inactivity is the epidemic of the 21st century” [1]. The
preval ence of insufficient physical activity (IPA; defined as not
meeting the specified physical activity [PA] guidelines[2]) in
children and adolescents is >80% worldwide, which is mainly
attributable to time spent on sedentary behavior (SB; defined
as any waking behavior characterized by an energy expenditure
<1.5 metabolic equivalents of task [METs] while in a sitting,
reclining, or lying posture[2,3]) and hasincreased continuously
over the past decades[4]. Thistrend remains unbroken, although
the health benefits of at |east 60 minutes of moderateto vigorous
PA (MVPA; defined as any activity withaMET value between
3 and 5.9; vigorous-intensity PA is defined as =6 METs [5,6])
on average per day for children and adolescents are
well-established [7].

Although SB and IPA may be used synonymously, and indeed
by definition, they refer to the same energy expenditure
spectrum, it should still be noted that they are not necessarily
correlated [8], and both have severe health consequences [9].
For example, children and adolescents may exhibit high levels
of SB (driving to school, sitting in class al day, and playing
video games in the evening) while simultaneously meeting the
recommended PA guidelines (going to soccer practice for an
hour in the evening). In this case, the health consequences of
SB timewould be occurring, although the PA level issufficient.
If IPA and SB are performed in childhood and adolescence, it
is assumed that these behavioral patterns will endure until
adulthood [10], which is why, from a global perspective, it is
important to target young populations with strong IPA and SB
patternsin the context of primary prevention.

Given the increasing digitization in health care and the
proliferation of smartphones [11], mobile health (mHealth)
interventions have been shown to be effective and of scopein
reducing IPA and SB in children and adolescents [12], as well
as in adults [13]. A more detailed glance at the contents of
mHealth interventions reveals that SMS text messaging
interventions are one of the most common methods used for
delivering mHealth interventions[14], which has been recently
criticized [15]. Instead, personalized approaches should focus
on responding appropriately to therealities of everyday lifeand
addressing the diversity of modern societies[16]. Key facets of
effective mHealth interventions depict the integration of
behavior change techniques (BCTs) [17] and the foundation
upon existing theoretical approaches [18]. Furthermore, there
is empirical evidence that just-in-time interventions [19,20],
individualized or tailored interventions [21], and interventions
that incorporate multiple BCTs[22] show large potential inthis
respect. However, Chen et al [23] highlight that the design of
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mHealth interventions often lacks a theory-driven approach
[24,25], and thereis little emphasis on evidence-based content
[26]. Another difficulty with mHealth interventions occurswhen
existing evidence is summarized in meta-analyses and refersto
outcomesthat are coreported as secondary outcomes but do not
constitute the core of the intervention [27].

Until recently, there have been far more mHealth interventions
for healthy adultsaiming to reduce | PA and SB than for healthy
children and adol escents[13,28]. In one of the very few reviews
on healthy children and adolescent target groups, Schoeppe et
al [12] demonstrated an overall moderate quality of health apps
and found a positive correlation between app quality and the
number of app features and BCTs, therefore suggesting that
future apps should target user engagement, betailored to specific
populations, and be guided by health behavior theories. B6hm
et a [28] furthermore criticize the quality of mHealth
interventions for children and adolescents in this respect and
suggest that more age-appropriate solutions are needed. The
results of other reviewsindicate that smartphone-based mHealth
interventions (especialy apps) are a versdtile strategy for
increasing PA and steps in children and adolescents [29]. For
example, Laranjo et a [30] found an average increase of 1850
steps per day after an mHealth intervention. However, it isalso
occasionally mentioned that the use of mHealth could lead to
a further increase in the already high screen time of children
and adolescents [31,32], which needs to be taken into
consideration when planning and implementing mHealth apps.
Although mHealth can increase screen time, it may not
necessarily do so. The representative and longitudina
Motorik-Modul study demonstrated that increased screen time
does not correlate with PA minutes, opening various
opportunities for digital interventions and potential ways for
new approaches to target the IPA and SB of children and
adolescents [33,34].

In the context of mHealth, individualization is defined as an
adaptation to the needs or special circumstances of anindividual
and is cited as one of the main barriers that prevent patients
from changing their health behavior [23,35]. Individualized
interventions (sometimes also called adaptive, needs-specific,
target group—specific, tailored, or personalized interventions)
offer apotential way of delivering person-centered interventions
by varying levels of individua needs and empowering
individuals to monitor their health actively [21]. Non-mHealth
interventions have sometimes used individualized one-on-one
meetings, showing high effectiveness but consuming much time
and resources. Therefore, this approach has been criticized as
time consuming and resource burdening [36,37]. Apps can apply
this approach in a much more ecological way by being easily
accessible to a wide variety of populations. The enhanced
efficacy of individualized interventions compared with
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nonindividualized interventions has been repeatedly
demonstrated in various populations [30,38,39], especialy in
adults [40], but not yet in children or adolescents, although
several randomized controlled trials address this matter. For
example, the MOPO study examined the effects of a gamified
and individualized mHealth intervention and has not been cited
in any meta-analysis to date [41]. Another example of thisis
theintervention of Moreau et al [42], whichisafully automated,
theory-driven, tailored intervention. In addition, there is no
existing taxonomy for individualized app elements as there is,
for example, for behavior change mechanisms[17], from which
derives the urgent need for further systematic reviews and
development of ataxonomy for individualized elements.

Objective

Although several reviews [12,28,29,43] have been published
on mHealth-based PA promotion in children and adolescents,
and some of them also include studies with IPA and SB as
outcomes, none of the existing reviews ensures (1) aclear focus
on the at-risk target group of children and adolescentswith high
IPA and SB levels and (2) a separate analysis of effects of
mHealth on | PA and SB. Therefore, thisreview might contribute
to a better understanding of the needs of children and
adolescents who engage in IPA and high SB. For this reason,
thisreview’s aims were 3-fold.

First, there is a need to identify and describe existing SB and
IPA mHealth interventions that address PA for children and
adolescents. Second, this review sought to answer whether and
how mHealth interventions are effective in reducing 1PA and
SB in healthy children and adolescents. Third, there is a need
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Baumann et al

to explore whether age and individualization are moderators of
the overal effectiveness of the mHealth interventions. This
leads to the following main research questions:

1. What are the characteristics of effective existing mHealth
interventionsfor children and adol escentsto reduce SB and
IPA?

2. How effective are existing mHealth interventions for
children and adolescents in reducing SB and IPA?

3. What moderating effects do individualization and age have
on the effectiveness of mHealth interventions for children
and adolescents to reduce SB and IPA?

Methods

This systematic review and meta-analysis was conducted
according to Cochrane methodology, and the results were
reported following the PRISMA (Preferred Reporting Itemsfor
Systematic Reviews and Meta-Analyses) 2020 statement [44].

Eligibility Criteria

The criteriafor eligible studies are defined in accordance with
the population, intervention, comparison, and outcomes criteria
[45] and are presented in Textbox 1. In line with World Health
Organization (WHO) recommendations [5], IPA was defined
as <60 minutes of MV PA per day or insufficient step count per
day (<5000 steps per day) [46], and SB was defined as any
waking behavior characterized by an energy expenditure of <1.5
METs while in a sitting, reclining, or lying posture [2,3].
Alternative measures can be screen time and sitting time.
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Textbox 1. Summary of the population, intervention, comparison, and outcomes and eligibility criteria.

Participants and population

« Inclusion: healthy children and adolescents (aged 0-21 years) without physical or psychological morbidities that would influence the realization
of behaviors targeted by the respective interventions and studies that include participants with any physical or psychological morbidities (eg,
populations with obesity) and provides a subgroup analysis for the healthy population separately

«  Exclusion: children and adolescents with any physical or psychological morbidities, populations with mean age >21 years, studies conducted
within clinical settings, and studies focusing on populations whose insufficient physical activity (IPA) or sedentary behavior (SB) is influenced
by disease-specific recommendations or health status

I ntervention or interventions and exposure or exposures

« Inclusion: mobile health (mHealth) interventions with healthy children and adolescents where the primary or secondary outcome measure was
IPA or SB, mixed interventions, and family-based interventions

« Exclusion: studies without mHealth interventions

Comparator (s) and control
« Inclusion: active or passive control groups

«  Exclusion: studies without a control group

Outcomes
. Inclusion:

« IPA, whichisdefined as <60 minutes of self-reported or accelerometry-measured moderate to vigorous physical activity per day or insufficient
step count per day (<5000 steps per day); therefore, various physical activity measures (min/week of physical activity, steps, counts, metabolic
equivalents of task [MET] minutes, screen time, and sitting time) need to be included

«  SB, which isdefined as any waking behaviors characterized by an energy expenditure of <1.5 METs while in asitting, reclining, or lying
posture; alternative measures can be screen time and sitting time

«  Exclusion: mHealth intervention studies that do not involve IPA or SB as a primary or secondary outcome

Types of study to beincluded

« Inclusion: randomized controlled trials (RCTs) that include individual or cluster randomization, clinical trials, feasibility studies with an RCT
design, and just-in-time adaptive interventions; for a potential meta-anaysis, only RCTs were included

«  Exclusion: nonexperimental study designs (eg, observational or case studies, studies reporting prevalence or trend data, measurement studies,
and theoretical papers), non—peer-reviewed studies, and nonprimary studies (eg, | etters, comments, conference proceedings, reviews, and narrative
articles)

Selection Process

The identified literature was imported to the reference
management software Zotero (Roy Rosenzweig Center for
History and New Media). After removing duplicates, the first
: author (HB) and a coauthor (JF) screened titles and abstractsto
g‘gong?t;'l'f: doéofumt;'r\]"eef;br?;pus' Web of Science, ;o ify all potentially eligible studies based on the inclusion

' ' and exclusion criteria (the detailed study flow is presented in
Search Strategy the PRISMA flowchart in Figure 1). Full-text articles were
retrieved for eligible abstracts and reviewed by the same 2
authors before inclusion in the review. The first author (HB)
and a second reviewer (JF) independently assessed full paper
copies of remaining potentialy eligible studies to determine
included studies, and if no consent was reached, athird reviewer
(KW) resolved the disagreement by discussion and arbitration.

I nformation Sources

After group discussion among the research team, a systematic
search for randomized controlled trials in English between
January 1, 2000, and January 29, 2021. was conducted using

The search termswerereviewed by 3 authors (HB, JF, and KW),
and the search was conducted by 1 author (HB) in March 2021.
Thefollowing vital constructs, aswell as numerous synonyms,
were used: (children OR adolescents) AND (mHealth) AND
(IPA OR SB). The entire search strategy can be found in the
Availability of Data, Code, and Other Materials section.
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Figure 1. Flowchart and study selection process (adapted from Page et al

Baumann et al

[45]). IPA: insufficient physical activity; SB: sedentary behavior.
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L

Data Collection Process and Data | tems

On a study level, data, including the name of the author, year
of publication, study type, study aim, information about the
mHealth intervention, duration of intervention, follow-up period,
target population or setting, integration of parents, country,
sample size, age (range, mean, and SD), gender, IPA or SB
criterion, relevant outcomes, measurement method, treatment
effects, individualized elements, BCT elements, and theoretical
foundation were extracted. To identify interventions with high
and low levels of individudization, we quantified the
individualized elements and defined low level of
individualization as the number of individualized items below
the IQR of the evaluated interventions and high level of
individualization as the number of individualized items within
or above the IQR of the evaluated interventions.

Study Risk of Bias Assessment

The risk of bias (ROB) in individual studies was evaluated
independently by 2 reviewers (HB and KW) using the
5-dimensional ROB 2 tool [47]. In this procedure, the overall
ROB is classified as low if all dimensions indicate low risk.

https://mhealth.jmir.org/2022/5/€35920

Once =1 dimension is rated as unclear, the entire trial is rated
the same way. Furthermore, if =1 dimension is classified as
being high risk, the overall ROB is rated high. Disagreements
between the authors concerning the ROB were resolved by
discussion, with the involvement of another author where
necessary.

Effect M easures

To perform a meta-analysis, the sample sizes, means, and SDs
of measurement time points 1 and 2 were extracted from the
intervention and control groupsof all included studies (or study
arms) for both IPA and SB. For reasons of comparability in the
meta-analysis, follow-up data were not extracted, as not all
studies included a third or fourth measurement point. When
multiple primary outcome measures were presented, the most
conclusive measure to our research questions was identified by
JF and HB. Quality of information and the orientation toward
WHO guidelines played a critica role in this process. It was
defined that |PA was most likely to be modeled by minutes of
MVPA per day, as suggested by the WHO, followed by minutes
of light MVPA per day, minutes of PA per day, and number of
steps per day. For SB, minutesin SB per day was preferred over
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the proxy measures of minutes of sitting time per day and
minutes of screen time per day.

Synthesis M ethods

If data for the meta-analysis were not available in the original
manuscripts, the study authors were contacted. The last search
was conducted in March 2021. Extracted data were then
weighted by sample size (splitted shared group procedure was
used in studieswith multiple study armsto avoid unit of analysis
error [48]), converted into Cohen d, and integrated into a
meta-analysis with random effects using RevmanWeb [49]
calculator. We used the following benchmark to interpret the
effect sizes: effect sizes >0.50 are interpreted as large, effect
sizes of 0.50 to 0.30 as moderate, and effect sizes of 0.30 to
0.10 as small or <0.10 as trivial [50]. Tests for heterogeneity,
overal effects, and subgroup differences were also calculated
using RevmanWeb.

Reporting Bias Assessment and Certainty Assessment

To assess publication bias, funnel plots were compiled using
RevmanWeb to determine asymmetric shapeswithin the natural
statistical dispersion [51]. If the plot is asymmetric because of
many large effect sizes on one side of the mean, it strongly
suggests unpublished or unconducted studies with contrary
results. To provide certainty of the evidence, the Grading of
Recommendations, Assessment, Devel opment, and Evaluations
approach [52] was used as an extension of the ROB assessment.
The following five factors were examined to obtain a
well-founded assessment: individual study limitations (ROB),
inconsistency of results (heterogeneity), indirectness of evidence
(external validity), imprecision (small sample size and wide
Cl), and publication bias.

Additional Analyses

An additional meta-regression was performed in R-Studio [53]
using the Metafor package [54] to relate the estimated effect
sizesto the mean age of the samples. We di stinguished between
primary outcome (IPA or SB) and level of individualization
(low or high). Theincluded trials (and their multiple arms) were
divided into trials with high (number of individualized items
within or above the IQR of evaluated interventions) and low
levels of individualization (number of individualized items
below the IQR of evaluated interventions) to conduct a
meta-analysis. For both IPA and SB outcomes, a separate
meta-analysis was conducted to provide the comparability of
effects. To visualize the results, a grouped bubble plot was
created in Microsoft Excel [55], plotting the weighted
standardized mean differences of the individual trials and the
average age of the participants. Group differentiation was based
on the primary outcome (IPA and SB).

Registration and Protocol

The protocol for this systematic review and meta-analysis was
prospectively registered on PROSPERO (International
Prospective Register of Systematic Reviews) and can be
accessed using registration number CRD42020209417.
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Availability of Data, Code, and Other Materials
The search string (Medical Subject Headings) was as follows:

(Child[MeSH] OR Adolescent [MeSH]) AND (Health
Promotion] MeSH] OR School Health Serviceqd MeSH]
ORPrimary Prevention MeSH] OR Health Behavior
Change) AND (Telemedicine [MeSH] OR
Patient-Specific Modelingf MeSH] OR Individuali*
ORtailored Intervention OR digital health OR Mobile
ApplicationfMeSH] OR mobile phone* OR
smartphone* OR iPhone* OR iPad* OR tablet* OR
android OR SMS OR text message* OR App OR
Reminder Systems [MeSH]) AND (SB[MeSH] OR
Physical Fithessf MESH] OR Exercisef MESH] OR
energy expenditure) / Filter applied: years 2010-2020,
only RCT and Clinical Trials

Results

Study Selection

Theinitial database search generated 828 articles, of which 125
(15.1%) were duplicates (Figure 1), and the study screening
identified 11 (1.35) studies as eligible for qualitative analysis
and 10 (1.2%) articles for quantitative synthesis.

Study Characteristics

A total of 11 randomized controlled trialswere included (n=10,
91%, paralel and n=1, 9%, crossover trial), with a duration of
9.3 (SD 5.6) weeks, of which 3 (27%) [56-58] included a
follow-up measurement. Eligible trials included samples of 40
to 496 participants (mean 138, SD 145), with amean age range
of 3.5t0 17.8 years (Table 1). In 9% (10/11) of studies, both
genderswere approximately equally represented. A single study
[41] only included male adolescents, resulting in an overall
gender distribution of 975 boys and young men to 540 girlsand
young women. Approximately 27% (3/11) of trials with young
children (aged <5 years) included parent integration, whereas
others focused on children and adolescents only. The target
population and study aims varied across studies, and the
countries were exclusively Western nations. The mHealth
interventions ranged from basic SMS text messaging
interventionsto web-based mobileinterventions, individualized
and gamified apps, and wearable interventions. In addition, of
the 15 interventions, 3 (20%) used self-reported measures, and
8 (53%) interventions used device-based measures of health
data on the duration of SB and IPA. Furthermore, it should be
mentioned that not all studies focused on reducing SB or IPA
astheir primary objective. Approximately 45% (5/11) of studies
aimed to promote PA [41,57-60], 9% (1/11) aimed to improve
fat mass index [61], 9% (1/11) aimed to reduce BMI [62], and
9% (1/11) aimed to change behavior [56] as a primary study
aim.

The quantitative results of the individual studies are presented
in the forest plots in Figures 2 and 3. To describe each
intervention (or study arm) in detail, the number and content of
individualized elements, BCTs, and theoretical foundationsare
presented in Table 2.
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Table 1. Study characteristics.
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Study Study type Study aim Description of Population (set- Sample  Age (years) sgb (unit) and IPAC
(durationin mHeath?intervention ting), region, and  size(N) outcomes (unit); mea-
weeks) country surement method

Values, Val-
mean ues,
(SD) range

Chenetal 2-armparalel Decrease BMI i Start Smart for Chinese American 40 (male  14.9 13-18 SB (hours per day)

[62] RCTY with Teens: asmartphone-  adolescentswho  23andfe-  (1.67) and PA® (day's per
follow-up (12) based, culturally ap-  are overweight, male 17) week); questionnaire

propriate, andtailored  California, United (CdliforniaHealth In-
educational program  States terview Survey)
for weight manage-
ment
Nystromet 2-arm parallel Reduce obesity ~ Web-based apptode- Healthy children  313(male 4.5(0.1) 4-5 SB (min/day) and
a [61] RCT (24) (improve fat liver MINISTOPinter-  (preschool; 170 and Mvpaf (minutes per
mass index) vention, which provid- garental support), femae day); ActiGraph
ed an extensive pro-  Ostergdtland, Swe-  143) WGT3x-BT accderom-
gram of information  den eter
and behavioral sup-
port
Direitoet  3-arm paralel Improve PA lev- AIMFIT trial com- Healthy adoles- 51 (male 15.67 14-17  SB (minutes per day)
a [58] RCT (8) elsin hedthy pared theapps“Zom- cents, Auckland, 22andfe- (1.2) and MVPA (minutes
young people bies, run” and “ Get New Zeadland male 29) per day); accelerome-
who areinsuffi-  Running” with a con- ter (ActiGraph
ciently active trol group (device GT1M) and PAQ-AY
measured)

Downing  2-arm pilot Reducing chil- Mini-Movers: SMS  Young children 57 (male 3.05 2-4 Sitting time (minutes

et d [63] RCT (6) dren'sSBinear- text messaginginter-  (playgroups; 26andfe- (0.75) per day) and no |PA

ly age vention to providein- parental support), male 31) outcome; ActivePAL
formation and practi- Melbourne, Aus-
cal support tralia

Fassnacht  2-arm parallel Promote health ~ Daily behavior report- Healthy children 49 (male 9.6(0.4) 8-19  Screentime(hoursper

et a [59] RCT (8) with  behavior in ing and feedback vis  (elementary 23andfe- day) and PA (hours
2follow-ups  school-aged chil- SMStext messaging  school), Braga, male 26) per day); Family Eat-
(4 and 4) dren Portugal ing and Activity

Habits questionnaire
Gaudetet  Crossover Increase PA in Wrist-worn PA track- Young adolescents 46, (male 13.0 13-14 SB (minutes per day)
a [57] RCT (6) young adoles- er (Fitbit, model (schoal), New 22andfe- (0.35) and MVPA (minutes
cents Charge HR)+web- Brunswick, Canada male 24) per day); Actical ac-
based Fitbit user ac- celerometer
count

Hammers- 2-arm parallel Reduce obesity  Parent focused; Childrenwhoare 86 (male 3.46 2-5 SB (minutes per day)

ley et al RCT (11) with  behaviorsin Time2bHealthy On-  overweight 43andfe- (0.92) and MVPA (minutes

[64] 2follow-ups  preschool chil-  line Program with (preschool; male 43) per day); ActiGraph
(12 and 24) dren Fakebook integration  parental support), GT3X+ accelerometer

Wollongong, Aus-
tralia

Mendoza  2-arm parallel Promote PA Wearable PA-tracking  Childhood sur- 59 (male 16.6 14-18 SB (minutes per day)

et a [60] RCT among adolescent  device (Fitbit Flex) vivors of cancer, 24andfe- (1.5) and MVPA (minutes
(10) and young adult  and apeer-based web-  Seattle, United male 35) per day); ActiGraph

survivors based support group  States GT3X+ accelerometer
(a Facebook group)

Pyky etal  2-arm parallel Promote PA and Game-based persua=  Young adolescent 496 (male 17.8 16-20 SB (minutes per day)

[41] RCT (6) social activity sion, for example, by  men (military), 496 and  (0.6) and MVPA (minutes

physically moving Ouly, Finland female 0) per day); Polar Active

within the districts of
thecity; playerscould
earn points and claim
areasfor their clanin-
game

Accelerometer
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Study Study type Study aim Description of Population (set- Sample  Age (years) sgb (unit) and IPAC
(durationin mHeath?intervention ting), region, and  size(N) outcomes (unit); mea-
weeks) country surement method

Values, Val-
mean ues,
(SD) range

Sirriyeh et 4-arm ex- PA behavior Daily SMStext mess Lateadolescents  128(mae 17.3 16-19 IPAQh questionnaire;

a [56] ploratory RCT change sages, whichincluded (state schools), 38andfe- (0.68) no outcomes; time
()] manipulationsof affec-  Yorkshire, United male 90) point 0 data missing

tive or beneficial be-  Kingdom
liefs

Van 2-arm clus- Promote PA Smartphone-based Influential adoless 190(male 12.7 11-19 SB (minutes per day)

Wouden-  tered RCT NI with MyMovez2 cents (schoal), 88andfe- (0.50) and MVPA (minutes

bergeta  (10) Wearable Lab—a Venlo, Netherlands male102) per day); accelerome-

(65] smartphonewith atai- ter (Fitbit Flex)

lor-made research app

@mHealth: mobile health.

bsp: sedentary behavior.

CIPA: insufficient physical activity.

9RCT: randomized controlled trial.

€PA: physical activity.

fMVPA: moderate to vigorous physical activity.

9PAQ-A: Physical Activity Questionnaire for Adolescents.
hy PAQ: Internationa Physical Activity Questionnaire.
ISNII: social network intervention.

Figure 2. Forest plot for effect size comparison of high-individualized versus low-individualized mobile health interventions on decreasing |PA
[42,58-63,66]. IPA: insufficient physical activity.
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(F) Overall bias

https://mhealth,jmir.org/2022/5/635920 JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 5 | €35920 | p. 8

X SL F (page number not for citation purposes)
-FO

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Baumann et al

Figure 3. Forest plot for effect size comparison of high-individualized versus low-individualized mobile health interventions on decreasing SB
[42,58-64,66]. RCT: randomized controlled trial; SB: sedentary behavior.
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDEF
1.1.1 high level of individualization
+ Downing 2013 -248 14528 30 -3.7 140.845 29 51% -0.15[-0.66 , 0.37] N 2700 @
v Mendoza 2017 -45 825491 29 1 56.5068 30 51% -0.08[-0.59, 0.43] —t— R +
 Direito A2 2015 (1) 1699 96.19 16 1875 94.375 9 21% -0.02[-0.83, 0.80] @ [ ]
+ van Woudenberg 2018 12.185 102533 382 2144 1MH 330 325% -0.00 [-0.15, 0.15] - e e @
+ Gaudet A1 2017 (1) -213 75 23 261 7345 12 29% 0.06[-0.64, 0.76] — o®e ]
v Gaudet A2 2017 (1) 82 789 23 85 69.1 12 28% 0.22[-0.48,0.92] —_—t o® . [ ]
+ Fassnacht 2015 -0.3 0.75 20 0.5 1 24 39% 0.22[-0.38, 0.81] PR o® e [ ]
+ Hammersley 2019 203 8325 42 017 7095 44 T72% 024[-0.19, 0.66] —— @ @ @
+ Pyky 2017 2647 137.25 87 184 12444 80 126% 0.34[0.03, 0.65] —— 200 ?
v Chen 2019 097 0715 23 008 1.1425 17 31% 0.95[0.28, 161] — @720 )
Subtotal (95% CI) 645 587 T1.4% 0.14[-0.02, 0.31] >
Heterogeneity: Tau® = 0.02; Chi* = 12.45, df =9 (P = 0.19); I* = 28%
Test for overall effect: Z = 1.70 (P = 0.09)
1.1.2 low level of individualization
+ Direito A1 2015 (1) 859 1101 17 1875 94375 9 22% -0.09[-0.90, 0.71] _t [E XN KN ]
+ Delisle Nystrom 2017 3 485 156 -0.6 55 159  205% 0.07[-0.15, 0.29] —- e e
Subtotal (95% Cl) 173 168  22.6% 0.06 [-0.16 , 0.27] ’
Heterogeneity: Tau® = 0.00; Chi*=0.14, df = 1 (P =0.70); I*= 0%
Test for overall effect: Z=0.53 (P = 0.59)
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(F) Overall bias
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Table 2. Mobile health intervention characteristics: study aims, BCT? cluster, theoretical foundation, and individualization.

Baumann et al

Study (RCTb and protocol) and BCT_ta>_(onomy cluster, according  Theoretical foundation  Individualization (N) L_evel pf indi-
intervention (study arm) to Michieet a [17] (N) (N) viduaization
Chen et al [62]

Fitbit app and Facebook  Goals and planning, feedback and  Not mentioned (0) Competitions with community or ~ High
monitoring, socia support, shaping friends, individual goal setting, task
knowledge, comparison of behavior, adjustment in relation to BMI, direct
reward and threat, and associations biof eedback and real-time coaching,

(7) goal-specific motivational coaching,
personalized advice, and guidance
(6)
Nystrém et al [61,66]

MINISTOP app Feedback and monitoring and asso- Not mentioned (0) Individual feedback (1) Low

ciations (2)
Direito et al [58]

Zombies, Run! app (1) Goals and planning and feedback  Self-regulatory behav-  Audio instructions, missions and Low

and monitoring (2) ior change theory [67]  defense bases, and web-based races
1 (©)

Get Running app (2) Goals and planning, feedback and ~ Self-regulatory behav-  Human voice coach, training path, High
monitoring, comparison of behavior, ior changetheory [67]  friend integration, low threshold
and reward and threat (4) @ approach, recovery periods, and

music (6)
Downing et al [63,68]

Mini-Movers SMStext Goals and planning, feedback and ~ Social cognitive theory Individua goal setting; goal-specific  High

messaging-based interven- - monitoring, and reward and threat  [g9], SMART® goal feedback; tailored SM S text mes-

tion ©)] framework [70], and ~ S29€s; and just-in-time delivery of

d SM S text messages based on pre-
CALO-RE" taxonomy . -
ferred time, date, and activity (4
7 @ Y@
Fassnacht et al [59]

SMSS text messag- Goals and planning, feedback and ~ Not mentioned (0) Individual goal setting, task adjust- High

ing—based feedback inter-  monitoring, and associations (3) ment in relation to BMI, tailored

vention feedback messages, and goal -specif-

ic motivational coaching (4)
Gaudet et al [57]

FitBit appimmediateinter- Goals and planning, feedback and ~ Not mentioned (0) Competitions with community or ~ High

vention (1) monitoring, social support, shaping friends, individual goal setting, task
knowledge, comparison of behavior, adjustment inrelation to BMI, direct
reward and threat, and associations bi of eedback and real-time coaching,
@) god -specific motivational coaching,

personalized advice, and guidance
(6)

FitBit appdelayedinterven- Goals and planning, feedback and ~ Not mentioned (0) Competitions with community or ~ High

tion (2) monitoring, social support, shaping friends, individual goal setting, task
knowledge, comparison of behavior, adjustment inrelation to BMI, direct
reward and threat, and associations biofeedback and real -time coaching,

@) god -specific motivational coaching,
personalized advice, and guidance
(6)
Hammersley et al [64,72]
Time2b-Healthy Facebook Goal setting, revision of goals, Self-efficacy model Tailored reminder emails, aFace-  High

and on the web

Mendoza et al [60]

feedback, and challenges (4)

[73] and SMART goals
framework [70] (2)

book group with individual goal
setting, and goal -specific motivation-
a coaching (4)
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Study (RCT? and protocol) and BCT taxonomy cluster, according  Theoretical foundation  Individualization (N) Level of indi-
intervention (study arm) to Michieet a [17] (N) (N) vidualization
Fitbit app and Facebook  Goals and planning, feedback and ~ Not mentioned (0) Individual awards in a Facebook High
monitoring, socia support, shaping group, competitionswith communi-
knowledge, comparison of behavior, ty or friends, individual goal setting,
reward and threat, and associations task adjustment in relation to BMI,
@) direct biofeedback and real-time
coaching, god -specific motivational
coaching, personalized advice, and
guidance (7)
Pyky et al [41,74,75]
Clans of Oulu gamified Goals and planning, feedback and ~ Transtheoretical Model ~ Stage of behavior change, individual  High
app and web-based MOPO  monitoring, socia support, compar- of Behavior Change feedback on physical activity and
portal ison of behavior, comparison of [76] (1) sitting time, GPS-based tasks, com-
outcomes, reward and threat, associ- petitions with community, and peer-
ations, identity, and covert learning referenced comparison (5)
©)
Woudenberg et al [65,77]
App-based socia network Comparison of behavior, revardand Theory of Planned Be-  Content tailored to influential High
interventionr—MyMovez  threat, and identity (3) havior [78], Self-Deter-  youths, comparing individual scores
mination Theory [79],  with others, individual rewards, and
and Self-Persuasion individual identification with health
Theory [80] (3) behavior (4)
Sirriyeh et al [56]
Instrumental SM S text Goals and planning, shaping Theory of Planned Be- Individual goal setting (1) Low
message intervention knowledge, and identity (3) havior [78] (1)
Affective Goalsand planning, self-belief,and Theory of Planned Be-  Individual goal setting (1) Low
SM Stext messageinterven- identity (3) havior [78] (1)
tion
Combined Goals and planning, shaping Theory of Planned Be- Individual goal setting (1) Low
SM Stext messageinterven- knowledge, self-belief, and identity havior [78] (1)
tion 4

3BCT: behavior change technique.

PRCT: randomized controlled trial.

CSMART: Specific, Measurable, Achievable, Relevant, and Time-Bound.
4CALO-RE: Coventry, Aberdeen, and L ondon-Refined.

Among the 11 included studies, 3 (27%) had multiple study
arms [56-58], resulting in atotal of 15 mHealth interventions.
In studies with multiple arms, each study arm represented a
subintervention. Unfortunately, the subtrials of Sirriyeh et al
[56] could not be integrated into the meta-analysis because of
missing data. Overall, 33% (5/15) indicated a low level of
individualization, and 66% (10/15) of interventions showed a
high level of individualization. Individual goal setting was the
most common technique used to individualize mHealth
interventions. If thelevel of individualizationin the studieswas
low, there was also alow use of BCTs in these interventions.
The reporting of the theoretical foundation was not mentioned
in 40% (6/15) of interventions and was therefore generally poor,
although the interventions of Downing et a [68] and
Woudenberg et a [65] were each based on 3 underlying theories.
The most common theories were self-regulatory BCT [67];
Specific, Measurable, Achievable, Relevant, and Time-Bound
goas framework [70]; Theory of Planned Behavior [78];
Self-Determination Theory [79]; Self-Persuasion Theory [80];
Transtheoretical Model of Behavior Change [76]; socid
cognitive theory [69]; and the Coventry, Aberdeen, and

https://mhealth.jmir.org/2022/5/€35920

L ondon-Refined taxonomy [71]. The number of behavior change
elements correl ated with the number of individualized elements.
Of the 12 included interventions, 2 (17%) were SMS text
messaging based, 5 (42%) included some form of social media
(eg, Facebook), and 4 (33%) used the Fithit app.

ROB in Studies

Across the 11 studies, 7 out of 60 ratings (5 dimensions x12
studies) indicated high ROB, and 7 ratings showed an unclear
ROB, resulting in an overall rating of 3 (27%) studieswith low,
2 (18%) studies with unclear, and 6 (55%) studies with a high
ROB. Potential biases frequently occurred in dimensions A
(bias arising from the randomization process) and D (bias in
the measurement of the outcome). More detailed ROB
information for each study can be found in Multimedia
Appendix 1[41,57-65] and Multimedia Appendix 2 and isalso
integrated into the forest plots for the meta-analysis.
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Synthesis of Results

Effects of High-Individualized and Low-Individualized
mHealth I nterventions on Decreasing | PA

Approximately 82% (9/11) of studies evaluated the effects of
mHealth interventions on decreasing I PA levels, of which 22%
(2/9) included multiple study arms [57,58]. Notably, the
nonimmersive app of Direito et a [58] (arm 2) contributed to
areductionin IPA, whereastheimmersive app (arm 1) increased
IPA. One of thetrials[56] was hot included because of missing
dataon |PA. Splitted shared group procedure was used in studies
with multiple study arms to avoid unit of analysis error [48].
As shown in Figure 2, the meta-analysis of IPA demonstrated
asignificant, small overall effect size (Cohen d=0.23; 95% CI
0.02-0.45; Z=2.13; P=.03). Trids with high levels of
individualization (9/11, 82% of studies) significantly decreased
IPA levels, with amoderate effect size (Cohen d=0.33; 95% ClI
0.08-0.58; Z=2.55; P=.01). In contrast, those with low levels of
individualization (2/11, 18% of studies) indicated no overall
effect or even anonsignificant increasein IPA (Cohen d=-0.06;
95% CI -0.32 to 0.20; Z=0.48; P=.63). A test for subgroup
differences indicated that the described difference between
interventions with high and low levels of individualization was

statistically significant (x%,=4.0; P=.04; 1°=75.2%). The overall
heterogeneity was moderate (1°=0.02; x%=1.1; P=.002; 1>=64%),
and several ROB dimensions indicated a high ROB. As can be
seen in Figure 2, dimensions A (bias arising from the
randomization process), C (bias because of missing outcome
date), and D (bias in the measurement of the outcome) were
most frequently represented.

Effects of High-Individualized and Low-I ndividualized
mHealth I nterventions on Decreasing SB
Overall, al 10 included studies eval uated the effects of mHealth

interventions on decreasing SB time, and 2 (20%) studies
included multiple study arms [57,58]. The results showed a

Baumann et al

difference in positive effect sizes between the 2 arms of the
Gaudet et a [57] study, although it was a crossover trial. In
contrast, the Direito et a [58] immersive app (arm 1) showed
a dlight reduction in SB, whereas the nonimmersive app (arm
2) showed a dlight increase. In contrast to the meta-analytic
outcome measure IPA, the analysis indicated neither a
significant subgroup difference between interventionswith low

and high levels of individualization (x%=0.4; P=.54; 1°=0%)
nor ageneral, significant effect within each subgroup (Z=1.70,
P=.09; Z=.53, P=.59). Of the 15 interventions, 8 (53%)
demonstrated a small increase in SB time. The heterogeneity
of the included studies was overall low to moderate (1°=0.01;
X%1,=12.7; P=.31; 1>=13%) but varied by subgroup (trials with
high levels of individualization: 12=0.02, x%=12.5, P=.19,
12=28%; trials with low level of individualization: 1°=0.00,
x%=0.1, P=.70, 1°=0%). As demonstrated in Figure 3, several
ROB dimensionsindicated an unclear or high ROB. Dimensions
A (biasarising from the randomization process), C (biasbecause

of missing outcome date), and D (bias in the outcome
measurement) were the most frequently represented.

Reporting Biases
Publication bias between studies was assessed using funnel
plots for the 2 outcomes of IPA and SB. Statistical tests (eg,

Egger regression [81]) for publication bias were not performed
because of the small number of included studies.

Visual inspection of funnel plots (Figures 4 and 5) indicated no
serious publication biasin either case. The results of the study
by Chen et al [62] occurred outside of the 95% Cls for both
outcomes but for high-individualized trials only. Low-level
individualization showed a smaller effect, and no results were
outside the 95% CI. This a so appliesto the result of Pyky et al
[41] for the IPA outcome. Therefore, it isparticularly important
to critically reflect on the results reported by Chen et al [62]
and Pyky et al [41].

Figure 4. Funnel plot of comparison: insufficient physical activity outcomes. SMD: standardized mean difference.
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Figure5. Funnel plot of comparison: sedentary behavior outcomes. SMD: standardized mean difference.

SE(SMD)
ﬂ T L}
M\
N
P
r I \‘
1 : A
01+ oo
4 A
r' ] ‘\
! | ch
’ ] ]
n’" . ‘\
02+ 1’ : \\
! : \
/ ! \
J m Y
’ : \
i} 31' t‘ | ‘\
i 1
[l | \
Fl ! . O (Chen, 2019)
4 O O \
)“ ' ‘\
04t / : '
N Ao, Y
i I \
r 1
' 1 A
s i ‘: N SMD
-2 -1 0 1 2

Subgroups
|E high level of individualization A low level of individualization |

Certainty of Evidence

As shown in Table 3, moderate confidence was evident in the
meta-analysis effect estimate for |PA. The true effect is likely
to be close to the estimate; however, there is a possibility that
it is substantially different. By contrast, our confidence in the

estimated effect isvery limited for the primary outcome of SB,
and the true effect may be substantially different. This potential
biasisreinforced by the studies of Chen et al [62] and Pyky et
al [41], which have above-average effect sizes while being
severely weighted.

Table 3. Summary of findings based on Grading of Recommendations, Assessment, Development, and Evaluations approach (N=11).

Subgroup Studies,n  Study Risk of Inconsistency Indirectness Imprecision  Publication Relativerisk  Certainty
(%) design  bias bias (95% CI)

IPA? highlevel of 7 (64) RcTP  Notserious Notserious — Notserious Serious(-1) Probablynot 0.25(0.02to  Moderate

individualization 0.47)

IPA, low level of in- 3 (27) RCT Not serious  Not serious Not serious  Serious (-1) Probably not -0.05(-0.24 Moderate

dividualization t0 0.15)

SBS highlevel of ~ 8(73) RCT Notserious Not serious  Not serious  Serious(-1) Probably yes  0.12(-0.07to Low

individualization -1 0.32)

SB, low level of indi- 4 (36) RCT Notserious Serious(-1)  Notserious Serious(-1) Probablyyes 0.74(-1.08to Verylow

viduaization -1 2.55)

& PA: insufficient physical activity.
BRCT: randomized controlled trial.
CSB: sedentary behavior.

Additional Analyses

In an exploratory approach, the effect sizes obtained from the
highly individualized interventions were further explored in a
meta-regression analysis with age as a moderator variable to
explain the moderate heterogeneity between studies and
incorporate developmental psychological aspects of children
and adolescents. Therefore, Figure 6 shows aweighted grouped
scatter plot of the standardized mean differences (Cohen d) of
individual interventions (including multiple study arms) and
the mean age of participants. Group differentiation was based
on the primary outcomes (IPA and SB). Meta-regression analysis
results indicated that effect sizes were negligible for children
(aged 1-14 years). Therewere nonsignificant differencesin IPA
in the adol escent age groups (14-18 years). Although the effect
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size (Cohen d) of highly individualized interventions with
respect to SB remained approximately the same across age
(1?=0.0115, SE 0.0226; 1=0.1071; 1%=21.23%; H?*=1.72;
Re=0.00%; test for residual heterogeneity: QE,;;=11.8472, P=.30;
test of moderators: QM;=0.1451, P=.70) the effectiveness of
highly individualized interventions of IPA increased slightly
but not significantly across age (1°=0.0564, SE 0.0546;
1=0.2375; 1=57.01%; H?=2.33; Re=28.47%; test for residual
heterogeneity: QE,=20.3088, P=.02; test of moderators:
QM;=2.0165, P=.16). Although the small number of included

interventions allowed only descriptive conclusionsto be drawn,
the underlying tendency is evident in the data and needs to be
examined in future studies.
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Figure6. Grouped bubble plot of weighted standardized mean differences of individual trials and mean age of participants. Group differentiation based
on the primary outcome (IPA and SB). High-individualized trials included only.
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Discussion

Principal Findings

Thisreview and meta-analysisaimed to identify and characterize
existing mHealth interventions for children and adolescentsin
the context of primary prevention of IPA and SB. In addition,
this analysis aimed to provide clarity on whether and how
effective mHealth interventions are in reducing IPA and SB in
healthy children and adol escents. Asabroad objective, we aimed
to examine whether age and individualization influenced the
overall effectiveness of mHealth interventions.

Summary of Evidence

Out of 828 identified studies, atotal of 11 (1.3%) wereincluded
for the qualitative synthesisand 10 (1.2%) for the meta-analysis
based on theinclusion criteria. Trialsincluded 1515 participants
(mean age 11.69, SD 0.788 years, 65% male and 35% female)
with self-reported (3/11, 27%) or device-measured (8/11, 73%)
health data on the duration of SB and IPA for an average
intervention period of 9.3 (SD 5.6) weeks (excluding
follow-ups). Studies with high levels of individualization
decreased IPA levels significantly (Cohen d=0.33; 95% CI
0.08-0.58; 7=2.55; P=.01), whereas those with low levels of
individualization (Cohen d=-0.06; 95% CI -0.32 to 0.20;
Z7=0.48; P=.63) or addressing SB (Cohen d=-0.11; 95% ClI
-0.01 to 0.23; Z=1.73; P=.08) indicated no overall significant
effect. Heterogeneity was moderate to low, and a test for
subgroup differences indicated significant differences between

trials with high and low levels of individualization (x21:4.0;
P=.04; 1°=75.2%). Age asamoderator variable showed aminor
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moderating effect; however, the results were not significant,
which might have been because of being underpowered. This
review is the first to examine the age and
individualization-dependent  effectiveness of mHealth
interventionsto reduce IPA and SB in children and adol escents
and strengthensthe evidence of moderate mHeal th effectiveness.
Thisisin line with existing research on mHealth for children
and adolescents [12,28].

Characteristics of Observed mHealth | nterventions

One of the main qualitative results concerning the first research
guestion isthat gamified approachestend to have ahigher effect
in this population, and several previous interventions have
already been shown to be effective [82,83]. The 18% (2/11) of
trials showing the highest effectiveness in this meta-analysis
(Fitbit and Facebook intervention by Chen et al [62] and the
Clans of Oulu intervention by Pyky et a [41]) used this
approach. However, it should be mentioned that the intervention
Zombies, Run! by Direito et a [58], which showed a very low
effect size, was also a gamified approach; however, it is hardly
individualized and usesfew BCTs. Therefore, the results suggest
(in line with existing research [82]) that gamified approaches
can be effective for children and adolescents but only if
individualization, theoretical foundation, and integration of
BCTs occur simultaneously. However, the 2 most effective
interventions mentioned above are united by a distinguishing
feature in addition to gamification. Both involve the social
component and integrate community-based systems of social
participation and association with real-world PAs in the
surrounding environment. Hammersley et a [72] and van
Woudenberg et a [65] integrated similar approaches. This may
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suggest that friends, family, and surrounding environments are
relevant determinantsfor children and adolescentsin the context
of mHealth and should be considered in the development of
mHealth interventions to reduce inadequate PA and SB.

This review also demonstrates that mHealth interventions for
children and adolescents are rarely theory based [18,24,25],
although theories were occasionally mentioned, and therefore
reinforce the need for enhanced theoretical substantiation inthe
development of mHealth interventions. The consequences of
non-theory-based approaches include low effect sizes and
methodological deficiencies, at least in self-developed
interventions[59,61]. No negative effect of missing theoreticity
could be shown when already existing and evaluated apps (eg,
Fitbit app) were used [57,60]. In this respect, another striking
aspect of the resultsisthat most of the considered interventions
used commercially available apps (especially Fithit modelsand
the corresponding app) or self-developed approaches. Models
from other well-known commercial providers were not used.
Data transfer software was often cited as a reason in some
studies. From a scientific point of view, one of the problems
may be that Fithit does not disclose the mechanisms and
underlying theories behind its development.

Regarding the quality of the integrated data, it should be
mentioned that many trials addressed multiple outcomes [84]
and used questionnaire data as outcome parameters[85]. A more
appropriate approach would be to focus only on objective data
or consider a combination of objective and subjective data,
similar to the approach of Chen et a [62]. The use of only
gualitative data can become a problem if an objective
comparison with WHO recommendations has to be provided
[86]. Therefore, we encourage researchers in the field of
mHealth to use accelerometry-based measurements and more
standardized outcome measures in future intervention studies.

Another key aspect of qualitative analysis is the
individualization of the included mHealth interventions. It is
noticeabl e that the type of individualization varies considerably
between techniquesthat are frequently used (eg, individual goal
setting) and other techniques that are unique to one of the
interventions (eg, individualization based on the stage of
behavior change). Similar to existing ideas in the field of
behavior change mechanisms [17], a consistent taxonomy is
needed and should be a part of future research.

Effectiveness of Observed mHealth I nterventions

Across al interventions, it appears that mHealth interventions
to reduce IPA in children and adolescents showed an overall
significant moderate effectiveness, whereas interventions to
reduce SB showed no overall significant effect. Accordingly,
it appears easier to change IPA than SB in children and
adolescents. More structural changes are probably necessary to
reduce SB, which include educational policiesfor schools. For
instance, it is harder to reduce sitting timein class, at lunch, at
home while doing homework, or during transportation than it
is to do another hour of sports in the evening. Potential ideas
that could be implemented in the context of mHealth would be
just-in-time adaptive interventions with reminders for small
exercise breaks[20]; in the school context, the use of automated
standing desks to interrupt sitting times; or the assignment of
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physically activating homework that encourages children and
adolescents to explore their invigorated environment.

It should be further discussed that the considered mHealth
interventions had no or even a small reverse effect on the
reduction of SB. Although it has been shown that screen time
and PA are independent constructs [33,34], it becomes evident
that the use of appsleadsto as much or slightly moretime spent
in SB, athough IPA decreases. Thus, thereis presumably a shift
in time resources among children and adolescents through the
use of mHealth intervention. A similar finding emerged for the
game Pokémon Go [82]. The consequences of thisfinding are
far-reaching and suggest that the use of mHealth in adol escence
and childhood deserves careful consideration. For younger age
groups, in particular, the use of an app as a family or with
parental support could make sense but resultsin low effect sizes,
as shown by 20% (3/15) of the considered interventions
[61,64,68].

M oder ating Effects of Individualization and Age

Looking at the average age of the target groups in the
interventions used in the meta-regression, it is noteworthy that
the highest effect sizes were evident in adolescent age groups.
Therefore, it isreasonableto assumethat participantsin different
age groups are differently impressionable by mHealth. There
are multiple explanationsfor thisfinding. First, aschildren age,
unhealthy behaviors may be established, and apps may need to
become more individualized to be effective [21]. Second, the
more the child evolves into an individual, the more important
it becomesto addresstheir individuality in health interventions.
The second hypothesisis supported by one of the key findings
of the meta-analysis that individualized mHealth interventions
to reduce IPA differ significantly from nonindividualized
interventions with the same objective. This is in line with
previous research on other populations [21]. However, it is
interesting to note that interventionswith the most individualized
elements are not the most effective [60]. Thus, more
individualization does not necessarily lead to higher
effectiveness; rather, the selection of particular relevant
parameters in combination with the rest of the intervention
characteristics seems to result in an effective intervention. For
example, the development of a new intervention could be
accompanied by a kind of intervention mapping [87]
accompanied by atarget group analysis. Thiswould reveal the
needs and requirements of the target group of an mHealth
intervention. Future research should aim to deepen these
partialy exploratory findings and identify the underlying
psychological mechanisms. We hypothesize that thereis a sweet
spot at which the addition of further mechanisms for
individualization and behavior change no longer leadsto alarger
effect, which would have severe implications for the
development of mHealth interventions. Furthermore, based on
the results of this review, we would like to point out that the
content and functions of mHealth interventionsfor children and
adolescents should always be adapted to the age of the target
group to avoid possible devel opmental psychological difficulties
and associated low effect sizes. It should also be mentioned that
the results of the metaregression, as suggested in the
Introduction section, again indicate that SB and IPA are not
correlated constructs. Therefore, PA promotion does not
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necessarily imply SB reduction. Therefore, mHealth should be
addressed separately.

Strengths and Limitations

This review is the first to differentiate between SB and 1PA
when considering the effects of mHealth on children and
adol escents and contrast both study effects and bias. Moreover,
no other review inthefield to date includes anarrative analysis
of individualized elementsin mHealth interventions and rel ates
them to intervention effectiveness. Another unique feature is
the exploratory meta-regression. In addition to these strengths,
this review has numerous limitations, both at the study and
review levels.

At thestudy level, apart from the studies by von Pyky et al [41],
van Woudenberg et al [65], and Nystrém et al [61], the sample
size was generally moderate to small, which may have biased
the results. It should also be noted that most of the studies
included multiple outcome parameters and that the primary
objective of these studies was not to decrease |PA and SB. As
aconsequence, we assume that the observed effect sizes do not
fully reflect the magnitude of the true effect. If all theincluded
mHealth interventions were targeted at reducing IPA or SB
alone, the results would certainly be more conclusive.
Conspi cuous among studies with small sample sizes compared
with those with larger samples is the lower rating in the ROB
assessment. In addition, there was a small number of included
studies and partly considerable heterogeneity because of
deviants, for example, the results of the study by Pyky et a [41].
Thiscould be because of the mgjor variahility inthe study design
or the diverse target and age groups.

Atthereview level, the asymmetries observed in the funnel plot
of the SB outcome indicate a publication bias. Thisis probably
because of the study by Pyky et al [41], athough the ROB
assessment in this study was positive. Furthermore, it should
be noted that the study results of Sirriyeh et a [56] could not
beincluded in the meta-analysis because of alack of reporting
and as the authors did not provide any data when asked
repeatedly. As the study was a 4-arm randomized controlled
trial, this would certainly have been insightful for the review.
In the included studies with several study arms, such as that of
Direito et a [58], it was observed that the results of individual
studies sometimes differed considerably. In this case, the
immersive app Zombies, Run showed a substantialy smaller
effect than the nonimmersive app Get Running. Although other
existing meta-analyses in the field of mHealth for children and
adolescents similarly integrate multiple study arms (eg, He et
al [29]) and we attempted to avoid potential overpowering by
using the splitted shared group procedure [48], this approach
should be considered controversial. Arguably, 1 author team
was responsible for an excessive degree of evidence. For
example, if a study shows a high ROB and includes 4 study
arms, it leads to a globally insufficient certainty of evidence.
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As the only way to avoid this potential bias is to deliberately
exclude existing evidence, further research should focus on
minimizing the number of study arms and developing new
statistical methods to address this issue. Another limitation of
this review was that follow-up data were not extracted. As
mHealth in children and adolescents is still arelatively young
field of research, we did not consider there to be enough studies
with follow-up measurementsfor ameta-analysisand therefore
decided not to include follow-up measurements for reasons of
evidence comparability. However, concerning mHealthin adults,
it has already been shown that the effects of the interventions
decrease in the long term [13]. If more mHealth trials with
children and adolescents become published, we suggest
replicating this review, including its follow-up effects. We
assume that the long-term effects are considerably stronger in
children and adolescents than in adults, as they may not yet be
as well-established as for adults.

In general, the results of this review and meta-analysis should
be interpreted with caution, as only moderate to low certainty
of evidence is warranted based on the Grading of
Recommendations, Assessment, Devel opment, and Evaluations
rating. In addition, many publicationsidentified in the systematic
literature screening were excluded asthey were study protocols
or small pilot studies. Therefore, this review should be updated
at alater date. Furthermore, there is also limited comparability
between the included studies, as the mechanisms of the
considered mHealth interventions certainly move al ong disparate
causal pathways in different age groups.

Conclusions

Thefindings of thisreview suggest that the considered mHealth
interventions for healthy children and adolescents can foster
low to moderate reductionsin I PA but not SB. Asno significant
effects were shown for SB, future studies should identify how
targeted SB can bereduced using mHealth. In the future, it may
also be useful to test the described interventions in clinica
populations (eg, children and adolescents diagnosed with obesity
or metabolic syndrome), as distressing pressure may be greater
here, potentially increasing adherence to use. Moreover,
individualized mHealth interventions to reduce IPA are more
effective for adolescentsthan for children. Although only afew
mHealth studies have addressed inactive and sedentary young
people, and their quality of evidenceis moderate, these findings
indicate the relevance of individualization in the period of
adol escence on the one hand and the difficultiesin reducing SB
with mHealth interventions on the other. Future research and
policy makers should aim to strengthen the evidence and
systematically evaluate individualized mHealth interventions
for children and adolescents. Especially in multidisciplinary
collaborations among app development, science, and
engineering, there is great potential for high-quality mHealth
intervention devel opment.
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Abstract: Background: Health benefits from physical activity (PA) can be achieved by following the
WHO recommendation for PA. To increase PA in inactive individuals, digital interventions can provide
cost-effective and low-threshold access. Moreover, gamification elements can raise the motivation for
PA. This study analyzed which factors (personality traits, app features, gamification) are relevant to
increasing PA within this target group. Methods: N = 808 inactive participants (f = 480; m = 321;
age = 48 + 6) were integrated into the analysis of the desire for PA, the appearance of personality traits
and resulting interest in app features and gamification. The statistical analysis included chi-squared
tests, one-way ANOVA and regression analysis. Results: The main interests in PA were fitness (97%)
and outdoor activities (75%). No significant interaction between personality traits, interest in PA
goals, app features and gamification were found. The interest in gamification was determined by
the PA goal. Participants’ requirements for features included feedback and suggestions for activities.
Monetary incentives were reported as relevant gamification aspects. Conclusion: Inactive people can
be reached by outdoor activities, interventions to increase an active lifestyle, fitness and health sports.
The study highlighted the interest in specific app features and gamification to increase PA in inactive
people through an app.

Keywords: gamification; app features; physical activity; personality; mhealth; health app

1. Introduction

Physical inactivity can be regarded as a major risk factor to develop chronic diseases like diabetes
mellitus, high blood pressure, and cardiovascular diseases. Hence, it can be considered a global cause
of death [1]. The growing incidence of cardiovascular, musculoskeletal, and mental illnesses results in
medical costs amounting to billions of euros [2,3]. These negative effects have led to a global interest
in reducing health risks, identifying protective factors, and promoting physical activity (PA) [1,4].
However, the main reasons for insufficient PA are complex. According to the ecological approach,
the interrelation between the individual and the environment and the exchange relationship between
people, values and norms of society cannot be disregarded [5,6]. If, for example, children at school
observe that other children are rewarded for walking around quietly during breaks, they are likely
to also walk more quietly and thereby meet the teacher’s expectations (depending on the children’s
commitment to the school). In this way, children can learn that children who are less active enjoy
a higher reputation than those with a tendency to be more active [5,6]. In addition, inactivity can
be attributed, for example, to scheduling problems, unwillingness, too little awareness about the
relevance of PA, s lack of access to programs and interventions and insufficient diversity [7-9].
Furthermore, other personal factors and individual motives can be prerequisites for action to increase
PA. For instance, Sudeck, Lehnert and Conzelmann (2011) classified motives for health-related PA
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in terms of (1) fitness/health, (2) figure/appearance, (3) activation/joy, (4) distraction, (5) aesthetics,
(6) contact motive and (7) competition/performance [10,11]. This means that that different aspects might
determine individuals’ goal setting and encourage them to increase PA in relation to motivational factors.
However, these motives might not be sufficiently addressed in common interventions. Even though
programs might address individual motives, the problem of reaching inactive people remains.

A contribution to the solution might be the development of individualized mhealth (mobile health)
and health applications (apps) which integrate features like pedometers and other gamification elements
to increase motivation and volition [12]. Reports based on common gaming apps (e.g., Pokémon Go,
Ingress and Zombie run) showed positive effects on PA by, e.g., increasing the daily number of steps [13].
In particular, the Pokémon Go app developed by Niantic 2016 has millions of active users worldwide.
Therefore, this app can be considered as an intervention that might help to increase PA. The mobile
game connects the Pokémon world with the real world. Its goal is to capture Pokémon through an
individualized avatar. The Pokémon then are used in battles against other users, who all have the
common goal of reaching new levels through various tasks and by visiting different locations [13,14].
A study by Althoff (2016) shows that by using the app an increase of more than 25% is achieved
in a period of 30 days, compared to the activity level before. In particular, inactive people felt
motivated by the gamification elements of the app. This motivation was irrespective of personality
traits [13]. In order to maintain user motivation, newer editions of the game are planned with additional
sensors, thematic challenges and rewards. The Pokémon Go exemplar demonstrates the possibilities
of increasing PA through digitalization, e.g., in the form of apps [15].

However knowledge of (a) the appropriate amount of PA, (b) the influence of personality
traits, and (c) suitable gamification elements and app features are necessary to develop an app that
appropriately promotes PA, and reaches physically inactive people.

1.1. A. Physical Activity

The positive effects of PA on health (e.g., on self-efficacy, wellbeing and quality of life) have been
widely investigated over the last decades [16,17]. A certain amount of PA supports body weight
control, cognition, self-efficacy, wellbeing, quality of life and mortality [16-21]. In addition, a reduction
in the development of chronic diseases such as diabetes mellitus, hypertension and cardiovascular
disease has been demonstrated [19,22]. The health-promoting physiological, as well as psychological,
effects of PA can be achieved if the World Health Organization’s (WHO) recommendations for PA
(for adults: >30 min of moderate daily exercise and >150 min of exercise per week) are fulfilled [23].
In accordance with Krug et al. [24], who state that three quarters of men and four fifths of women
are not sufficiently active according to WHO recommendations, actual results in a study within
the age groups 40-50 years showed that the majority of respondents (80.2%) did not reach WHO
recommendations [25]. However, with this age group, the prevalence of developing a chronic disease
like diabetes mellitus or hypertension is rising. Nevertheless, 50.2% of the respondents who did not
follow the WHO recommendations consider the improvement of their health to be very important and
are willing to enter into the process of health promotion. Thus, 65.6% of the respondents who did not
meet the WHO recommendations wanted to improve their fitness, 60.4% aspired to an improvement in
mobility, 63.2% to an improvement in endurance, 40.8% to a more active lifestyle and 47% to improved
performance. Another 57.5% would like to do more outdoor activities [25]. To achieve the current
WHO recommendations and to establish a sustainable level of PA, a willingness to change one’s
behavior, increased motivation and measures to promote sport and PA are required [23,26].

1.2. B. Personality

To enable an individualized approach in an app, it is first necessary to understand the personality
traits of the app users. There are different methods to classify personality traits. A conventional
personality theory is the big five personality theory, which was not used in this study because the
neuropsychological approach is disregarded and does not take motives and emotions into account [27].
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The situation is different with the Personality System Interaction Theory (PSI), according to Kuhl [28],
which takes into account both motivational and emotional components and thus allows conclusions
to be drawn about the actions of personality types. Therefore, a recent study by Brand and Cheval
recommends not only taking the big picture into account, but also considering the current sensations in
the change of behavior and the emotions [29]. In PSI theory, the personality of an individual is divided
into four dimensions [30]. According to PSI theory, there are two emotional systems and two cognitive
systems. The two emotional systems are (1) the need for stimulation and (2) the need for security,
the cognitive system includes (1) the need for information and (2) information processing [31]:

e The need for stimulation can be low or high. If the need for stimulation is classified as low,
the person needs freedom in their life, which enables them to have strength, assertiveness and
positive interactions with other people. If the need for stimulation is high, the free space is not
necessarily needed, energy is drawn from the action itself.

e The need for security is also characterized by a high or low level of expression. For example, if the
need for security is low, goals, structures and plans are perceived as obstructive. In addition,
people quickly deviate from their goals and strategies. In contrast, structures and plans are
regarded as beneficial and adhered to by individuals with a high need for security when
implementing goals.

e  Persons who, when difficulties arise, attribute the errors to themselves and justify them can be
assigned to the specific information intake. Persons with specific information acquisition have a
distinctive eye for detail in comparison to automatic information acquisition, to which a perception
of the big picture and the recognition of obstacles provide the potential for action.

e Information processing can be based on objective or personal perception. A person with the
personality trait of objective information processing conducts conversations on a factual level,
acts with foresight and on the basis of an analytical approach. The characteristic of personal
information processing is ascribed to people with a great need for harmony and high importance
in communication [30].

These findings about personality theory can be used to ensure targeted communication in digital
applications [31]. Moreover, the integration of these aspects in combination with health behavior
change theories and gamification might increase adherence to the long-term use of applications to
increase PA [32].

1.3. C. Digitalization, Appfeatures and Gamification

In addition to club sports or fitness studios, digitalization already plays an essential role in
prevention and health promotion and enables new access to PA [33,34]. Digitalization through e-health
or mhealth creates a low-threshold offer and cost-efficient interventions [35-38]. A common form of
application is the smartphone, into which additional applications can be integrated. Possible applications
include health apps, which can support a health-promoting lifestyle, improve care, promote self-help,
provide information and autonomy [39,40].

According to the Motivation-Volition (MoVo) process model [41], the continuous perception of
a movement intervention, in this context an app to increase PA, depends on the patient’s state of
health. The model depends on five psychological factors (strong goal intention, high self-accordance
of the goal, realistic implementation plan, strategies of action control, and expectation of positive
consequences) [41]. Furthermore, motivation should not be ignored. The self-determination theory of
Deci and Ryan identifies three essential needs for intrinsic motivation: self-determination/need for
autonomy, characterized by free choice (e.g., without pressure to choose an intervention that increases
PA), the need for competence with optimal challenge and feedback, and social integration [42] and can
be satisfied by the use of gamification [43].

For a targeted approach to the individual in a health app, an analysis of personality structures can
reveal the necessary contents of individualization aspects in an app. For example, a study by Fahr
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and Stevanovic (2018) [44] shows that the personality traits of a person (e.g., personal information
processing) are decisive in their usage behavior when it comes to apps. According to Becker (2013),
the interest in an app decreases after a short time, which can result in a high drop-out rate in app
usage [45,46]. The individualization of content through the targeted implementation of personality
theories makes it possible to reduce the drop-out rate in app usage [38]. App developers are thus faced
with the great challenge of increasing the user’s motivation to commit to an app.

Inaddition to the individualization of an app and a targeted approach, app features can maintain the
motivation to use the app through an interesting interface, technically flawless use, intuitive operation
and automated customization. Furthermore, content and features such as gamification elements
are recommended to increase motivation [47]: Gamification is defined as “[ ... ] the use of game
design elements in non-game contexts” [48] (p. 2) and describes the use of game content to integrate
people into processes and motivate them to act, solve problems or learn [49]. A variety of game-based
elements are used, such as reminders, level upgrades, avatar design, leaderboards and competitions.
The positive effects on motivation and behavioral change through gamification have been shown in
various studies [50-54]. In summary, gamification is used in many apps to motivate app users to
change their behavior, e.g., to increase PA, and to ensure their motivation for the long-term use of
the app.

The German CASPAR study (coaching app for setting oriented prevention work) examined in
more detail the gamification elements that can lead to an increase in PA among users [25] and came to
the conclusion that the currently available game elements of an app mainly reach those who already
meet the WHO recommendations on PA. Contrary to expectations, the target group that has PA as
its goal but does not meet the guidelines cannot be addressed in the same way with the existing
elements [25]. Here, a lack of health literacy is to be assumed, which would enable the individual
to behave in a healthy way and positively influence his or her own health [25,55]. According to the
Physical Activity-Related Health Competence Model (PAHCO), the competences include movement
competence, control competence and self-regulation competence [55]. These enable the implementation
of motor skills, the training of specific knowledge and regular PA [55]. The study also left open
the question of whether the motivational aspects that can lead to an increase in PA depend on the
personality type [25]. This contribution follows up this open topic. For the development of an app to
increase PA for inactive people, the most important research questions of this study are:

(1) Which PA activities are of the most interest for physically inactive participants?

(2)  Are desires for PA programs dependent on personality traits?

(3) Which factors (e.g., personality aspects) determine the resulting interest in features and
gamification and which elements are especially relevant for physically inactive people?

The underlying research hypothesis of this study was the assumption that PA is not determined
by personality, whereas the interest in app features and gamification elements is associated to
personality traits.

2. Materials and Methods

2.1. Study Design

The cross-sectional study was part of a project which aims to develop a health app and to design
health promotion offers in a sustainable manner. This study design procedure was approved by the
local ethics committee (file reference: AZ: 2019_270).

2.2. Sample

A German health insurance company recruited the study participants in the summer of 2019.
A total number of N = 18,000 insured persons were contacted via email. Included participants had to
be adults and had to be contractually capable. A number of n = 808 (80.2%) of the 1008 respondents did
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not comply with WHO recommendations and were integrated into the analysis of this study (Figure 1).

persons addressed

(n = 18.000)
persons attending .| persons who dropped out
(n=1357) g (n =349)

¥

people who met the WHO
reference values for
physical activity
(n=200)

people who completed
the online survey
(n=1008)

Y

people who did not meet
the WHO reference values
for physical activity
(n =808)

Figure 1. Study process.
2.3. Measures

The web-based questionnaire was tested, improved and validated by a research team from the
University of Hamburg. The questionnaire integrates the reference values of the WHO [23] and the
German Society for Nutrition [56]. Furthermore, the questions are based on the CALO-RE Taxonomy of
Behaviour Change [57] and the Baecke questionnaire for the measurement of a person’s habitual physical
activity [58]. Moreover, relevant key aspects related to personality traits and requirements for app
features and gamification were extracted from 36 qualitative interviews. Furthermore, these interviews
were used to validate the determination of the personality traits by using the Visual Questionnaire
(ViQ) [30]. In the last step, the online questionnaire was finalized with an expert rating by six experts
of different disciplines (psychology, sports science, app development, health insurance). The resulting
instrument was divided into five sets of questions (the questionnaire can be requested from the authors).

(1) Sociodemographic (4 items): The sociodemographic questions covered the number of the
respondents living in the household, their age and sex.

(2) Health status and fields of action (5 items), included physical activity (6 items), nutrition (6 items)
and relaxation (6 items): In the health status and fields of action thematic block, a survey was
conducted on health potentials and deficits in the areas of exercise, nutrition and stress/relaxation
(including compliance with WHO criteria). Further questions in the individual fields of action
reflected the interest and objectives of the interviewee.

(3) Personality and motivation (4 items): The personality questions were derived from previous
qualitative interviews and checked for construct validity in a validation study using the Visual
Questionnaire (ViQ) [30]. The ViQ is a validated survey instrument. The results showed a high
correlation between the two survey instruments. The implied personality analysis included
health-specific questions, which resulted in a manifestation in the four personality dimensions
(need for stimulation, need for security, information acquisition and information processing).
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(4) Smartphone use (2 items): The questionnaire section on smartphone use was designed to generate
information about which mobile devices the participants own and whether health apps are
already in use.

(5) App feature (3 items): The questions were aimed at the wishes, ideas and needs of the respondents
to design the app in a user-friendly way, adapted to their needs. These were relevant functions,
such as the possibility of linking the app with other devices (trackers, smartwatches).

(6) Gamification (3 items): The question block gamification asked about the interest in gamification
elements, such as the possibility of progress control or a level increase.

(7) App usage (9 items): The block on app usage enabled an assessment of the interviewee’s usage
time, intensity and preferences.

This study focused mainly on interests in PA, personality, app features and gameplay elements.
For the evaluation of gamification elements and app features, the results of the previous evaluation
were used [25]. In this evaluation, the interest in different gamification elements was retrieved. A story
in an app, the creation of an avatar, rating other users, comparing rankings, sharing results and tasks
and completing tasks under time pressure were of little interest (mean value < 3). For this reason,
only those elements that the majority of respondents considered interesting were considered further
(mean value > 3). These were:

- receiving feedback,

- immaterial rewards,

- leveling up,

- monetary incentives,

- diaries or strategy documentation,

- suggestions for activities,

- earning points,

- fulfilling weekly goals and tasks,

- information or instruction videos,

- reminders,

- knowledge about a healthy lifestyle,
- connection to their health insurance company’s bonus program,
- progress,

- individualization of app content.

In addition, individuals” wishes for improvements in the field of PA were collected in the first step.
For further investigation, in the second step, they were combined into four groups: fitness offers, outdoor
exercise, a more active lifestyle, and health sports. In a previous publication [25], respondents who did
not meet the WHO recommendations expressed a desire to improve fitness, mobility, endurance and
performance. These were summarized here in the category “fitness”. Further goals that were named
were a more active lifestyle as well as increased outdoor activity and health sports. These three headings
were adopted to the additional analysis of this article.

2.4. Procedures

The online questionnaire (created with the software Questback) was introduced with notes on
participant information, anonymity, voluntariness and data protection. The participants received an
invitation to complete the questionnaire via mail. Completing the questionnaire took about 30 min.
Only surveys that were completely filled out were included in the data analysis.

2.5. Analyses

The evaluation was carried out using descriptive statistics and mean value comparisons. The data
analysis was conducted in four steps:
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1. A frequency analysis and a chi-square calculation of the desires for sports (fitness, more active
lifestyle, nature activities and health sports) and the appearance of personality traits was
carried out.

2. The personality traits were then examined with regard to their sport desires using the
chi-squared test.

3. Inafurtherstep, a one-way ANOVA (personality trait, app feature or gamification) was performed
to find out which personality traits determine the resulting interest in app features and gamification.
For the evaluation, personality traits, app features and gamification elements were divided into
three blocks:

Block I: Personality traits (stimulation needs, security needs, information acquisition and
information processing).

Block II: App features (individualization of app content, coupling the app with trackers or
smartwatches, diaries or strategy documentation, suggestions for activities, information or
instruction videos, reminder, e.g., setting targets, knowledge about a healthy lifestyle, connection to
a health insurance company’s bonus program).

Block III: Gamification elements (comparison in a ranking or ladder format, progress checks,
earning points, collecting points with family, immaterial rewards, monetary incentives,
connection to a health insurance company’s bonus program, own avatar, tasks under time
pressure (e.g., countdown), level advancement, sharing and comparing goals, history in the app,
auditory, haptic or visual feedback, evaluating other family members).

4.  Inthe final step, a logistic regression analysis was performed to check the correlation between the
identified variables.

The statistical calculations were done with SPSS Statistics (IBM SPSS Statistics, Version 25.0, NY).

3. Results

The analysis of preferred sports activities showed that 97% of the participants would like to
increase their fitness, 75% would like to do more outdoor activities, 54% would like to be more active
in their lifestyle and 49% would like to do health sports.

The sports goals do not differ from the personality traits (Table 1). People with a high level of
information processing show the most interest in sports goals (41% fitness, 45% more active lifestyle,
42% nature activities, and 44% health sports).

Table 1. Targets for an increase in physical activity depending on personality traits.

Personality Trait Fitness More Active Lifestyle Nature Activities Health Sports
need for security 23% 21% 24% 22%
information 9% 8% 9% 9%
acquisition
need for stimulation 6% 5% 5% 5%
information processing 41% 45% 42% 44%
Not quoted 21% 21% 20% 20%
i 2y.
Chi ;?;fgfa‘rﬁ‘l(‘;‘; 0 2 _ 7353 x2 = 7535 x2 = 3200 x2 = 4163
Coefficient p=0.118 p=0.110 p=0.525 p=0.384

. C=0.096 C=0.097 C=0.063 C=0.072
of contingency (C)

The desire for app features and gamification elements in an app to increase PA is also independent
of personality traits.

Further analysis of whether the interest in app features and gamification content can be traced
back to the type of sports objective yields significant results, which can be seen in Table 2.
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Table 2. Targets for an increase in physical activity and interest in app features and gamification.
App Feature Fitness More Active Lifestyle Nature Activities Health Sports
individualization of F(5.818); p = 0.016 F(15.888); p = 0.000 F(3.921); p = 0.048 F(5.411); p = 0.020
app content eta? = 0.007 eta? = 0.020 eta? = 0.005 eta? = 0.007
diaries or F(4.181); p = 0.041 F(22.032); p = 0.000 F(13.181); p = 0.000  F(12.478); p = 0.000
strategy documentation eta? = 0.005 eta? = 0.027 eta? = 0.016 eta? = 0.016
. L F(4.506); p = 0.034 F(36.159); p = 0.000 F(17.938); p = 0.000  F(12.778); p = 0.000
suggestions for activities 0510 o - 0,04 ot 2 0,022 ota® £ 0,016
connect the app with F(2.306); p = 0.129 F(9.445); p = 0.002 F(2.556); p = 0.110 F(3.747); p = 0.053
tracker or smartwatch eta? = 0.003 eta? = 0.012 eta = 0.003 eta? = 0.005
information or F(4.617); p = 0.032 F(24.998); p = 0.000 F(19.048); p = 0.000  F(12.566); p = 0.000
instruction videos eta? = 0.006 eta? = 0.030 eta? = 0.023 eta? = 0.016
reminders, e.g., F(8.812); p = 0.003 F(33.138); p = 0.000 F(18.958); p = 0.000  F(18.457); p = 0.000
to set targets eta? = 0.011 eta?= 0.040 eta? = 0.023 eta? = 0.023
knowledge about F(.923); p =0.337 F(11.946); p = 0.000 F(6.938); p =0.009  F(12.083); p = 0.001
healthy lifestyle eta® = 0.001 eta? = 0.015 eta? = 0.009 eta® = 0.015
Clirsmre;:coenc?n? };enali‘ F(2.505); p = 0.114 F(13.370); p = 0.000 F(3.563);p = 0.059  F(14.127); p = 0.000
hy pany eta? = 0.003 eta? = 0.016 eta? = 0.004 eta? = 0.017

Gamification

receiving feedback

F(8.646); p = 0.003

F(25.367); p = 0.000

F(12.652); p = 0.000

F(6.289); p = 0.012

eta® = 0.011 eta® = 0.031 eta? = 0.016 eta® = 0.008
. . F(5.032); p = 0.025 F(17.322); p = 0.000 F(4.048); p=0.045  F(17.713); p = 0.000
immaterial rewards eta?2 0,006 ot 2 0,021 eta” = 0,005 ota® 20,022
level up F(5.003); p = 0.026 F(14.677); p = 0.000 F(3.303); p=0.070  F(1.778); p = 0.002
eta® = 0.006 eta?=0.018 eta?= 0.004 eta® = 0.183
monetary incentives | F(12:339); p = 0.000 F(11.885); p = 0.001 F(4.150); p = 0.042  F(14.741); p = 0.000
y eta? = 0.015 eta?=0.015 eta?=0.005 eta? = 0.018
by earning points for F(3.929); p = 0.048 F(23.492); p = 0.000 F(2.566); p=0.110  F(12.964); p = 0.000
my performance eta?= 0.005 eta? = 0.029 eta® = 0.003 eta® = 0.016
by monitoring F(9.084); p = 0.003 F(21.869); p = 0.000 F(0.84); p = 0.772 F(7.706); p = 0.006
my progress eta? = 0.011 eta® = 0.027 eta® = 0.000 eta? = 0.010

According to statistical ANOVA calculations, the individualization of an app, a diary function,
videos and reminder functions as well as suggestions for activities, turned out to be mandatory for
all four target areas. For the target areas of fitness, nature activities and health sports, linking the
app to a tracker or a smartwatch was not of interest. For the target area fitness, the acquisition of
knowledge for a healthier lifestyle via an app was not relevant. A link to a bonus program was also not
relevant for those interviewees who had the aim to increase their fitness and who pursued activities
in nature. Gamification elements considered relevant were feedback, level ups, immaterial rewards,
monetary incentives, point accumulation, and progress towards the goals of fitness improvement,
more active lifestyles and more health sports. Level advancement, collecting points and progress were
considered irrelevant to nature activities (Figure 2).

In the next step, all metrically scaled app features and gamification variables were converted into
four binary logistic regression models. For the four overall models the following values were obtained:
fitness (chi?(18) = 20,267, p = 0.317, n = 705, pseudo R? = 0.125); active lifestyle (chi®(18) = 56.754,
p = 0.000, n = 705, pseudo R? = 0.103); outdoor activities (chi?(18) = 53.53, p = 0.000, n = 705,
pseudo R? = 0.111) and health sports (chi?(18) = 39.524, p = 0.002, n = 705, pseudo R? = 0.073).
Within the model for fitness goals, “monetary incentives” proved to be a significant coefficient (forest
(1) =7.301, p = 0.007, b = 0.489); for goals of a more active lifestyle, the coefficients “suggestions for
activities” (forest (1) = 12.222, p = 0.000, b = 0.255) and “receiving feedback” (forest (1) = 0.124, p = 0.049,
b = 0.124) were significant. For the model on nature activity objectives, the coefficients “proposals for
activities” (forest (1) = 8.200, p = 0.004, b = 241) and “reminder function” (forest (1) = 6.306, p = 0.012,
b = 276) were significant. The coefficient “progress” is, in contrast to this, a negative significant
regression coefficient in this model (forest (1) = 11.051, p = 0.001, b = —0.310). None of the coefficients
integrated in the model are significant for the target area of health sport (Figure 3).
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Figure 2. Interest of inactive persons in app features and gamification elements in an app to increase
physical activity.
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Figure 3. Interest of inactive persons in app features and gamification elements in an app to increase
physical activity after conducting a regression analysis.

4. Discussion

For the development of an app to increase PA in inactive persons, the goals to increase PA that
existed among the inactive persons who took part in the survey were investigated. In a further step,
participants” wishes for a sports program were analyzed by taking personality traits into consideration.
Furthermore, we examined whether personality traits determined participants’ interest in app features
and gamification elements and which features and elements are relevant for physically inactive persons
to increase PA. The underlying assumption was that PA is not determined by personality and that
personality traits determine the interest in app features and gamification elements.

4.1. Physical Activity Interests of the Inactive Participants

Overall, the results showed that 97% of the inactive people wanted to improve their fitness and
75% wanted to increase their PA through outdoor activities. Nearly half wanted to achieve a more
active lifestyle and engage in health sports. These results fit to the contents of most apps for increasing
PA and addressing fitness in the form of running and workouts or by increasing the number of steps in
everyday life [15,59-61]. However, it remains unclear why the existing apps to increase PA were not
used by our participants. The reasons for this observation might be complex and could be interpreted
through certain aspects of the ecological approach [5,6]. However, this integrative concept was not the
main focus in the area of app development and design. On the other hand, the specified requirements
and needs of the individual were addressed in order to identify relevant contents for app development.
Thus, a central aspect might be that the first step, the motivation and volition to increase one’s own
fitness with an app, is not fulfilled; however, this is only speculative. Another aspect might be the
missing knowledge about relevant or suitable apps. Third, the development of apps does not always
follow the concept of user integration [62], a lot of apps are not based on an analysis of user-specific
requirements and the effects on PA are not always evaluated sufficiently [63]. In addition, the increase
in PA through nature activities and lifestyle changes has been found to be low so far, but by moving
around outdoors, e.g., in the Pokémon Go app, positive effects are shown, especially among inactive
people [15].
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4.2. Influence of Personality Traits on PA Goals

The statistical analysis revealed that the sports goals of the inactive participants are not dependent
on personality traits. The four personality traits were equally distributed within this group of inactive
participants. Therefore, goals for physical activity might not depend on these personality aspects.
This leads to the assumption that individual interests and motives for behavioral changes as well
as the pursuit of competence, autonomy and social integration are more important than personality
traits [10,42]. Following a recent review to understand persuasion contexts in health gamification [32],
an understanding of the contextual factors makes gamification successful. We hypothesized that
these factors are mandatory for increasing PA as well. Moreover, other theoretical models might
help to explain the motivation to be active or inactive, e.g., a behavioristic learning perspective,
in which motivation is influenced by positive and negative reinforcements from the past [43].
Cognitive motivation theories also assume that motivation depends on situation-specific goals
or expectations and internal processes [43]. In addition, the perspectives of interests, motives and
individual preferences, which might include contextual aspects, have to be considered [11,43]. Therefore,
one might conclude that, for the sports goals of these inactive participants, motivational as well as
contextual aspects are more important than personality traits.

4.3. Factors Determining Interest in Features and Gamification to Increase PA

The results regarding app features and gamification elements again did not show an association
to personality traits. These results are in line with findings by Rasche and colleagues, who examined
different aspects on the motivation to play the Pokémon Go game, including personality traits [4].
Exergaming aspects like leveling up or doing activities with family and friends were more important
than personality traits [4]. Moreover, new features and unknown technologies, as well as features linked
to real life activities, can promote the motivation to use an app [4]. Furthermore, an appealing app
design and the consideration of individual preferences as well as contextual factors are crucial [4,32].
In contrast to our results, previous studies found a correlation between the interest in app features
or gamification elements and personality traits [64,65]. However, these studies were conducted
according to the big five model and analyzed player types, not physically inactive participants [64,65].
To create a successful app, including features and gamification aspects to increase health-related
behavior, Alahdivéld and Oinas-Kukkonen [32] described eight relevant aspects in the conclusion of
their systematic literature review. These are:

(1) Identifying potential outside persuaders, (2) deciding and/or recognizing what change is
targeted and which gamification strategy has to be used based on it, (3) understanding the area of
application, and finding the right actions to apply gamification, (4) being mindful of the potential
effects of user demographics, (5) deciding which technologies to use, based on contextual factors,
(6) using appropriate persuasion routes, (7) using theories of health behavior change for guidance,
(8) choosing gamification strategies based upon the aforementioned matters. In summary, we suggest
including these aspects into the development of an app to increase PA.

Our results, after performing the one-factorial ANOVA on the elements and features that
are especially relevant for physically inactive persons, highlighted that these contents need to be
regarded with respect to the individual’s goals for PA (fitness, nature, lifestyle or health). For example,
“Pairing the app with a tracker or smartwatch”, “knowledge about a healthy lifestyle,” and “connection
to a health insurance company’s bonus program” were considered to be relevant for increasing an
active lifestyle (cf. Figure 1). In contrast, to increase PA through nature activities, these features,
except “knowledge about a healthy lifestyle”, were irrelevant. Most apps for increasing PA include
feedback, self-monitoring and goal setting as elements for behavioral change and show positive effects
on PA and weight reduction [65-68]. These elements were also rated as relevant by the participants of
this study. Moreover, according to Deci and Ryan'’s theory of self-determination, the use of features and
gamification elements can satisfy needs by, for example, using the gamification element “feedback” to
satisfy the need for competence, the creation of an “avatar” or the “choice of one’s own paths in a story”
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to satisfy the feeling of autonomy and “team tasks” to fulfill the need for social inclusion [43,51,69].
The most desired gamification elements highlighted in this study could be considered as “connection
to a health insurance company’s bonus program”, “immaterial reward” and “monetary incentives”.
We assume that including these elements would also increase the extrinsic motivation to increase PA in
our study population. “Instructional videos”, “imparting knowledge”, “level ascent” and “feedback”
might enable orientation to help participants choose the right amount and content of PA. Moreover,
these aspects could help to can satisfy the need for competence in the form of intrinsic motivation.
Finally, app features like individualization will address the need for autonomy:.

Interestingly, gamification elements that address social interaction like comparing one’s own
results with others or competitions were not considered to be relevant by our study participants.
This might be explained by different aspects. First, one might assume that people who are inactive
might have a lower health literacy and are more likely to neglect WHO recommendations than those
who fulfil them [25]. In turn, they might be more unfit and afraid to compare their results to highly
active participants. Moreover, they might have less health competencies (movement, control and
self-regulation) according to the PAHCO model [25,55]. Thus, the motivational elements in an app
(such as level up) and elements that enable competence development (feedback, instruction videos) are
more relevant than competitions. Overall, the use of comparative or competitive features should be
avoided for inactive persons. These features might confront the participants with negative emotions
about their own performance or unfavorable behavior [70]. In addition, various studies provided
evidence that a fear of threats and experience can occur in a competitive environment [71]. In the
interaction between different complex negative experiences, users’ emotions can be negatively affected.
However, the emotions of the user are related to the experience and long-term use of an app [43].
As various studies have already shown that gamification can positively influence motivation and
behavioral change [26,33,51], negative emotions according to inappropriate gamification elements or
app features should be avoided [43]. In addition, behavior patterns also depend on external factors [6].
Knowledge or the development of competences can be influenced by external factors, e.g., by the
community, school and parental home. The extent to which the environment can be involved in the
promotion of PA via an app remains undetermined.

Single-factor ANOVA considers the variables independently, explaining the number of variables
that were identified as relevant. The additional regression analysis provided an indication of the main
internal subjective effects. It revealed the variables that are essential and must be integrated into an
appropriate app design. These are monetary incentives, suggestions for activities, receiving feedback
and reminders, e.g., to set targets. However, it seems to be obvious that these variables might influence
each other. This aspect resulted in less significant values in comparison to the more conservative
ANOVA analysis. Interestingly, only four game elements are relevant to achieve the goals for PA:
monetary incentives, suggestions for activities, receiving feedback and reminders, e.g., to set targets.
Gamifying elements to encourage more PA in the form of health sports seem uninteresting for the
inactive respondents. This may be due to the fact that, in Germany, health sports in particular, e.g.,
in the form of bonuses for health behavior from statutory health insurance, are already available [72].
However, to fulfill the criteria of individualization [12,38], the ANOVA analysis revealed additional
relevant aspects that have to be taken into account for successful app development.

Overall, this study indicates that inactive persons, regardless of their personality traits, can be
addressed by the appealing design of an app that includes app features like suggestions for
activities, information or instruction videos, diaries and gamification elements like immaterial rewards,
monetary incentives, progress and level ups in order to achieve the goal of increasing PA. Nevertheless,
these elements are dependent on the PA goals. However, it remains unclear whether gamification
elements and features have a different relevance in inactive persons depending on gender and age.
Other features, such as calendar functions, could also be included in further studies. These aspects
were not controlled within this study design. Further studies could also aim to confirm the results
found here in a targeted manner, using a comprehensive battery of questionnaires. The questionnaire
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of this study used only contained parts of validated questionnaires (e.g., the Baecker questionnaire
with a sufficiently high degree of reliability [58]) and was further developed with a team of experts
and adapted to the needs and requirements of the health insurance company. The full use of the
original questionnaires (e.g., the Coventry, Aberdeen, and London — Refined (CALO-RE) Taxonomy
of Behaviour Change) would probably have resulted in a large number of respondents not feeling
addressed by the questions. This would probably have led to a significantly smaller sample size. As an
outlook for further investigations, the validation of game elements could be achieved in the form of
an analytical factor reduction. Future studies should also address the extent to which gamification
elements in other digital media and channels, e.g., streaming services or YouTube channels, are suitable
to increase PA in inactive persons. A design of how an app for inactive persons could be designed is
shown in Figure 4.

1) Identifying potential outside persuaders

2) decide and/or recognize what change is targeted and which gamification strategy
has to be used

3) understand the application area, and find the right actions to apply gamification

4) mind the potential effects of the user demographics

5) decide what technologies to use, based on the contextual factors

6) use appropriate persuasion routes

7) use theories of health-behavior change for guidance

8) choose the gamification strategies based upon the mentioned matters

|

- competence (e.g. feedback) extrinsic - user specific
motivation

- autonomy (e.g. avatar) — (e.g. 1 - new functions
immaterial

- relatedness (e.g. community) reward) - unknown technologies

specific game
element

SN

outdoor activities fitness active lifestyle health sports

Figure 4. Design of an app to increase the physical activity (PA) of inactive persons.

In addition, further studies for sustainable app development and to support behavioral change
processes should identify the competencies as well as the environmental aspects that may have an
impact on inactivity and objectives.

5. Conclusions

This study determined the interest of inactive individuals in sporting goals to increase PA
and whether personality traits determine interest in sporting goals, app features and gamification.
The results show that interest is mainly in the area of fitness, followed by the goal of increased outdoor
activities and a more active lifestyle. This study also shows that, in addition to the goals of increasing
PA, interest in app features and gamification elements is not determined by personality traits. On the
other hand, the perceived relevance of the elements and features are related to the goals for PA. For a
demand-oriented approach, gamification elements and characteristics are highly relevant to achieving
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goals in the areas of fitness, outdoor activities, lifestyle and health sports. These elements and features
enable the provision of feedback and competence promotion (e.g., through instructional videos) and
the prospect of rewards in the form of monetary incentives or immaterial rewards. At this point,
the study shows that gamification and app functions that promote competence development can
provide hints and guidance and, taking into account motivational aspects (both intrinsic and extrinsic),
can arouse interest in PA in inactive individuals. There is a need for further research in this area to
provide sustainable evidence of gamification aspects, with the goal of developing health competences
according to age and gender requirements and to enable a transfer to other digital media.
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Abstract

Background: Families experiencing high levels of psychological distress are considered a particularly vulnerable population
for adverse effects on mental and physical health. Moreover, highly stressed individuals engage less in mental health promoting
activities and show low stress management competencies. App-based stress interventions seem promising for the treatment and
prevention of stress outcomes and might be alow-threshold solution.

Objective: Theaim of thisstudy wasto identify the requirements for atailored app to reduce stressin a cohort of highly stressed
families that have low stress management skills.

Methods: Parents (n=1008; age: mean 47.7 years, SD 6.1; female: 599/1008, 59.7%) completed an extensive web-based survey
and were subdivided into atarget (stressed individual swith low stress competency) and nontarget group according to their reported
stress level and stress management competencies. Group differences were analyzed using analysis of variance. In principal
component analysis with Kaiser varimax rotation, personally defined stress management goals were grouped into components.
Linear regression models were also calculated.

Results: A 3-factor solution cumulatively explained 56% of the variance in personally defined goals of interest for stress
management with (1) active strategies (25.61% explained variance), (2) general competency (17.95% explained variance) and
(3) passive strategies (12.45% explained variance). The groups differed in age (F; g76=27.67, P<.001), healthindex (F g55=246.14,
P<.001), personally defined general-competency goal (F; g5g=94.16 P<.001), aswell as“information acquisition” (Fy g7,=14.75,
P<.001) and “need for stimulation” (F; ¢g;=54.49, P<.001) personality traits. A regression model showed that for the active

strategies goals of interest, only app feature information or instructional videos had a significant effect (P=.02). The general
competency factor showed none, and the passive strategies factor showed significant effects for 2 app features—suggestions for
planning possible activities with the family (P=.01) and diaries for documentation and development of strategies (P=.03).

Conclusions: Theresults of this survey study highlight the need to devel op an app to increase stress management competencies
that takes into consideration perceived stress level, stress management skills, personality, and personally defined goals of the
user. The content of the app should betailored to previously detected personality traits, especially selectiveinformation acquisition
and low need for stimulation. Furthermore, personally defined stress management goals seem to affect interest in some features.

(J Med Internet Res 2021;23(7):€26376) doi: 10.2196/26376
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Introduction

Background

Stress is associated with heightened risks of adverse physical
and mental health consequences, such as impaired sleep [1],
gastrointestinal diseases[2], diabetes[3], coronary heart disease
[4], or depression [5]. These consequences are a tremendous
burden from a societal, personal, and economical perspective.
Families experiencing high levels of psychological distress are
considered avulnerable population [6]. Melchior et a [7] found,
for example, that participants who are simultaneously exposed
to elevated levels of work stress and high family demands have
heightened rates of sickness absence dueto psychiatric disorders.
Studies investigating work—family spillover effects show that
perceived stress at work can be transferred to family members
[8-10]. In accordance with the work—family spillover theory,
parents play a significant role in their children's health and
coping by implementing or reinforcing certain behaviors[11,12].
Family stresswas, for example, predictive of less adequate child
dietary intake, with one effect occurring indirectly viaimpaired
parent—child relationship quality [13]. In general, hedth is
subject to sociostructural and milieu-specific dependencies for
which the family is an important influencing factor [14-18]. It,
therefore, seems to be of the utmost importance to create
effective interventions to manage high stresslevelsin families.

Stress M anagement Competencies

An increasing amount of literature suggests that interventions
using different stress management techniques, such as
mindfulness, lead to significant psychological health benefits
in a wide range of populations [19-22]. Various stress
management techniques have been applied and evaluated in
diverse populations over the last decades in in-person settings
or digital interventions. Active techniques, such as physical
activity, can lead to a reduced perception of stress. Regular
endurance and strength training, as well as yoga, have been
shown to be effectivein reducing stress[23-25] aswell asacting
as buffer against stress appraisal in times of elevated stress
[25-27]. Similar results can be found for breathing exercises
[28,29] and mindfulness training [30,31], with heterogeneous
results for meditation exercises [32,33]. However, these active
stress management techniques require regular practice. In
comparison, passive but effective ways of managing stress and
improving well-being are wellness and sauna[34] and spending
time in nature [35,36].

In this study, we define the subjective ability to apply and
perform such stress management techniques according to
personal demands and stress level as stress management
competencies. It should, however, be noted that highly stressed
individuals arelesslikely to engagein mental health promoting
activities [37-40]. Consequently, families reporting high stress
levels presumably also have less stress management
competencies. Thus, low-threshold options are needed (1) to
support family members experiencing high levels of stressand
(2) to teach stress management techniques.

https://www.jmir.org/2021/7/e26376
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Tailoring in Mobile Health Stress Reduction
I nterventions

In an increasingly computer-educated European population,
information and communication technology might provide
unique and low-threshold opportunities to engage parents and
families in mobile health (mHealth)—related services and
encourage behavior change, to improve health and reduce stress
[41-43].

New concepts, such asthe PSY CHE system [44], have emerged
astechnology aidsin order to improve or sustain mental health
or stress monitoring [45]. Such wearables include personal
health records and are designed to encourage health-related
behaviors. Various mobileinterventionswith different guidance
formats (eg, self-help, adherence-focused, eCoaching) have
been devel oped to date and have been shown to be effectivein
the treatment of diabetes [46], depression [42,47], or Sleep
disorders [48]. Moreover, web-based stress management
interventions seem promising for the treatment and prevention
of detrimental stress-related outcomes [49]. Nevertheless, 2
meta-analyses [42,49] show that apps incorporating cognitive
behavioral therapy or aspects of mindfulness training yield
heterogeneousresults. Infact, one of the biggest concerns about
the usage of mobile interventions for health promotion is low
adherence, which can be associated with reduced effectiveness
[50,51]. For thisreason, research has called for the examination
of suitable components that could help to overcome this
challenge.

Tailoring [52] was identified as having positive effects on the
health outcomes of web-based interventions. Tailoring isdefined
as

any combination of information or change strategies
intended to reach one specific person, based on
characteristicsthat are unique to that person, related
to the outcome of interest, and have been derived from
an individual assessment. [53]

A meta-analysis on tailored print health behavior change
interventions has demonstrated that tailored messages were
superior compared to generic messages and were associated
with larger effect sizes[52]. Moreover, variables such as gender
or ethnicity did not moderate this effect which underlines the
potential of tailored health communication to rai se health-related
awareness and knowledge about health for various target
populations. To further capture theimpact of tailoring, research
has expanded to using the web as delivery mode, which again
demonstrated the superiority against nontailored interventions
[54,55]. Next to personalized messages, tailored web-based
interventions often include gamification elements such as
receiving rewards or social comparisons[56]. A comprehensive
systematic review identified engagement promotion and
enhancement of effectiveness as main reasonsfor the application
of gamification [57]. Another systematic review on gamification
demonstrated that, on average, only one gamification element,
such as stories, themes, or display of progress was applied in
web-based mental health interventions, with a maximum of 3
applied [56]. Altogether, these studies underline the vast
opportunities for tailoring and the inclusion of gamification
features and that users might perceive such interventions as
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more personally relevant and credible which again could have
a significant impact on health outcomes.

Research ontail ored web-based stress management interventions
is scarce, yet tailoring could be an effective tool to empower
users in their stress management skills and to reinforce
self-determined health-related behaviors.

Per sonality Traits

On the other hand, studies show that certain personality traits
are associated with specific coping behaviors [58,59] and app
usage behaviors[60,61], aswell asthe responseto gamification
elements[62]. Individualswith personality factors such ashigh
neuroticism, for example, show more vulnerability toward high
stress values and problem coping strategies such as wishful
thinking, withdrawal, and emotion-focused coping [58,59].
Notably, personality might predict coping strategies in highly
stressed samples more accurately than in less stressed samples
[58]. Furthermore, conventional personality theories such as
the Big Five Personality theory focus on cognitive or emotional
contents to explain motivation and self-regulation. The
Personality System Interaction (PSI) theory, on the other hand,
focuses on:

functional relationships among affective and cognitive
macrosystems, i.e, the dynamic processes that
underlie human mental functioning [ 63]

and might be more suitable to detect and predict self-regulation
and volitional aspects of health behavior. PSI theory
distinguishes between 2 emotional—(1) the need for stimulation
and (2) the need for security—and 2 cognitive systems—(1)
the need for information and (2) information processing [64].
Meixner et a [65] investigated the associations between
personality traits assessed via PSI theory, interest in app-based
monitored physical activity goas, app features, and gamification
in order to create tailored mHeath content and found no
significant interaction. Furthermore, they concluded that the
problem of inactive participants should, in fact, be addressed
with app features and gamification elementsin accordance with
their prior defined goal s rather than with their personality traits.
Nevertheless, with respect to earlier studies suggesting
personality traits being associated with higher stress
vulnerability and potentially different stress management
competencies, we hypothesize that the results by Meixner et al
[65] might not be transferable to stress outcomes and tailored
app features.

Study Objectives

To develop and implement a tailored mobile app that
appropriately reaches vulnerable und highly stressed families
in order to improve their stress management competencies, the
following aspects should be addressed: (1) existing stress
management techniques and perceived stress management
competenciesin families, (2) theinfluence of personality traits,
and (3) potentially suitable features for a mobile stress
management intervention such as gamification and (4) defined
goals of interest in order to individually manage stress.

Previous studies have focused on evaluation of the usage and
tailoring effectiveness; however, evidence on the assessment
of users needs and preferences is limited. Given the adverse
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impact of low adherence on treatment outcomes, understanding
technological and content-rel ated factorsiscrucia for thedesign
and large-scale implementation of app-based stress reduction
interventions into routine health care, and ultimately, to help
usersto interact in a health-promoting way. With respect to the
health impairing consegquences of high stress levels for each
family member, it seemshighly relevant to evaluate the families
needs and preferences for mHealth approaches.

Therefore, the aim of this exploratory study was to identify the
requirements of an individualized app to reduce stressin acohort
of highly stressed families that have low stress management
skills.

The main research questionswere (1) Which characteristics can
be identified that describe stressed individuals with low stress
competency? (2) Which app features and gamification el ements
are of the most interest for highly stressed participantswith low
stress-management competency? (3) Which app features and
gamification elements are relevant for different types of stress
management goals?

Methods

Study Design

This cross-sectional study was part of a project that aims to
develop a tailored mHealth intervention for family members
and to design health promotion in a sustainable manner. This
study was approved by the University of Hamburg ethics
committee (file reference: AZ: 2019 _270).

Sample

Every family insured by a small German health insurance
cooperative (approximately 18,000 families) was invited by
post to participate in a web-based survey. Participation in the
study was voluntary, in accordance with the principles for
medical research involving humans, and participation was not
rewarded in any way. The questionnaire development process
included several team-internal evaluation procedures and was
implemented using Questback software [66], which allowed
individual accessviaQR code. To avoid biasdueto involuntary
disclosure of sensitive information, there was a no disclosure
option for each question. There were no mandatory questions
for data protection reasons.

Measures
The questionnaire is available as Multimedia Appendix 1.

Sociodemographic and Health Variables (8 items)

Age in years (1 item) and gender (1 item) were assessed. In
order to provide a holistic framework, the concept health
behavior was based on self-assessment in the dimensions of
physical activity (2 items), dietary behavior (2 items), and stress
(2 items).

For dietary behavior and physical activity, in each case, 2
guestions from the CALO-RE taxonomy of behavior change
[67] and the Baecke questionnaire [68] for measuring habitual
physical activity were used in combination with the reference
values of the World Health Organization [69] and the German
Society for Nutrition [70].
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A health behavior index was developed based on the physical
activity, dietary behavior, and stress questions. For this purpose,
each question wasfirst evaluated on a scale of not achieved (0),
partially achieved (1) and achieved (2) based on the reference
values mentioned above. These values were added, resulting in
ascore between 0 and 12—if all questionswere consistent with
the proposed reference values in all 3 dimensions, a person
reached an overall healthindex of 12. Thismeansthat the higher
the health index, the more health-promoting a person's behavior.

Personally Defined Goals of I nterest for Stress
Management (10 items)

Thefollowing itemswere extracted from qualitative interviews:
performance of meditation exercises, performance of breathing
exercises, performance of yoga exercises, performance of
mindfulness exercises, performance of relaxation exercises,
improvement of stress management competencies, improvement
of the ability to perform stress management techniques from
anywhere, improvement of personal resilienceto stress, spending
time in nature, benefit from wellness and sauna offers. Wefirst
conducted interviews and then devel oped a quantitative survey
withitems extracted from theinterviews. A query of theinterest
for these items was conducted using multiple checkboxes.

Personality Variables (16 items)

The personality questionswere derived from previous qualitative
interviews and checked for construct validity using the Visual
Questionnaire [65]. The persondity analysis included
health-specific questions, which resulted in a manifestation of
4 personality dimensions (need for security, information
acquisition, need for stimulation, and information processing).
Each dimension was described by 4 items, each rated on a
6-point Likert scale that ranged from 1 (agree) to 6 (disagree).

App Feature Variables (9 items)

These variables were integrated into the web-based survey to
identify tailoring requirements in accordance with our
exploratory approach. The questions focused on preferences,
ideas, and needs of the respondents in order to design an app
inauser-friendly way that was adapted to their needs. Theitems
wereindividuaization of app content, fulfilling common weekly
goals and tasks, connecting the app with wearables, increasing
knowledge about a healthy lifestyle, suggestions for activities
with the family, diaries for documentation and devel opment of
strategies, reminders of goals, informational or instructional
videos, and analog format for children. Each item was rated by
participants on a 6-point scale that ranged from 1 (totally
irrelevant) to 6 (totally relevant).

Gamification Feature Variables (14 items)

Questions asking which gamification elements respondents
found appealing—comparison with others, in a ranking or on
ahigh score list; controlling and checking progress; collecting
points for performance; collecting shared points with other
family members, receiving awards, recognition, or
encouragement; monetary incentivesfor achieving goals; linking
to the bonus program of the heath insurance company;
designing an avatar; completing tasks under time pressure, for
example, acountdown; advancing to another level or increasing
thelevel of difficulty; sharing and comparing my achieved goals
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with others; an accompanying storyline; receiving auditory,
haptic, or visual feedback; and rating other family
members—were rated on a 6-point scale from 1 (would not
appeal to me) to 6 (would appeal to me very much). Similarly,
these were integrated into the web-based survey in an
exploratory manner.

Procedures

The web-based questionnaire (EFS Questback; 2019 version
[66]) was preceded by participant information including
instructions on anonymity, voluntariness, and data privacy. The
participants received an invitation by post to complete the
guestionnaire. Compl eting the questionnaire took approximately
30 minutes. Only fully completed surveys were included in
analysis.

Statistical Analysis

We used SPSS software (version 27.0; IBM Corp) for statistical
analyses.

Step 1

All variables of the questionnaire that asked for personally
defined goals of interest for stress management were
factor-analytically reduced to 3 factors (active strategies, general
competency, passive strategies) in principal component analysis
with Kaiser varimax rotation. Bartlett and Kaiser-Meyer-Olkin
measure of sampling adequacy tests were performed to test the
suitability of variables for factor analysis.

Step 2

Perceived stress level and stress-management competency
variables were dichotomized in order to identify stressed
individuals with low stress competency as atarget group. The
characteristics of thetarget group and the rest of the participants

were descriptively characterized. We compared groups using
analysis of variance.

Step 3

In order to analyze which app and gamification characteristics
arerelevant for stressed individual swith low stress competency,
the data set was then reduced to only those participants, and to
reduce data to relevant variables, al feature and gamification
variables with amean value <3.5 in the target group, indicating
irrelevant features, or that did not differ significantly between
groups were excluded.

Step 4
We performed 2-way correlation analysis between app and
gamification feature variables not excluded in step 3 and the 3

stress reduction target factors (active strategies, general
competencies, passive strategies) from step 1.

Step 5

Three linear regression models were cal culated, each with 1 of
the 3 target factors for stress management strategies (active
strategies, general competencies, passive strategies) as a
dependent variable. As independent variables, the remaining
variablesfrom step 3 (individualization of app content, fulfilling
common weekly goals and tasks, increasing knowledge about
a hedlthy lifestyle, suggestions for activities with the family,
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diaries for documentation and development of strategies,
reminders for objectives, informational or instructional videos,
and controlling and checking progress) were included.

Power

In order to be able to demonstrate the anticipated small effect
sizes (<0.05) in a multiple linear regression model with 95%
power and 8 predictors, a minimum sample size of 463 was
calculated (G* Power; version 3.1 [71]).

Data Exclusion

Only fully completed questionnaireswereincluded. For bi- and
multivariate analysis procedures, list-wise case exclusion was
used.

Results

Of 18,000 families invited by post to participate in the
web-based survey, 1008 families completed the questionnaire

Bischoff et d

(aresponserate of 17.86%). The total sample consisted of 599
female, 398 male, and 7 diverse participants; 4 participants did
not give any gender information. The average age of respondents
was 47.79 years (SD 6.13).

Factor-Analytical Reduction of Personally Defined
Goalsof Interest for Stress Management

Both the Bartlett test (x%,s=2105.563, P<.001) and measure of
sampling adequacy (Kaiser-Meyer-Olkin .854) revealed that 10
stress-rel ated target variables (Figure 1) were suitable for factor
analysis. Principal component analysis, with varimax rotation
indicated the presence of 2 factorswith eigenval ues greater than
1.0, and a 3-factor solution that cumulatively explained 56% of
the variance was chosen based on the scree plot (and theoretical
considerations).

Figure 1. Rotated component matrix of the 10 stress-related target variables. Significant correlations are indicated by a continuous line.
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stress management skills, or both versus participants with high
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perceived stress and low stress management (Table 1)
demonstrated groups differed in age (F;76=21.67, P<.001,

np°=.022), hedth index (F,gs5=246.14, P<.001, np’=.214),
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active strategies (F,955=8.03, P=.01, np?=.008), generd
competency (Fygs5=94.16 P<.001, np°=.086), information
acquisition (Fyg7,=14.75, P<.001, np*=.053), and need for

stimulation (Fy ¢5,=54.49, P<.001, np*=.012). App feature and
gamification variables that met Step 3 criteria were
individualization of app content (Fy o77=8.95, P<.001, np’=.009),
fulfilling common weekly goals and tasks (F; g9,=7.80, P=.01,

np?=.008), increasing knowledge about a healthy lifestyle
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(F1,091=9.06, P<.001, np°=.009), suggestionsfor activitieswith

the family (F,e5=10.52, P<.001, np°=.010), diaries for
documentation and development of strategies (Fj g9p=12.43,

P<.001, np’*=.012), remindersfor objectives (Fy gg5=4.55, P=.03,
np?=.005), informational or instructional videos’ (F1.004=4.71,

P=.03, np?=.005), and controlling and checking progress
(F1,008=6.82, P=.01, np=.007).
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Table 1. Comparison of sociodemographic, personality, app feature, and gamification feature variables between groups.

Variables Nontarget group (n=548)  Target group (N=460) Comparison

n Mean (SD) n Mean (SD) F test (df1,df2) Pvaue np?

Sociodemographic variables

Age (years) 534 4862 (6.06) 446 46.81(6.09)  2167(1,978) <001 .022
Gender _a —
Female 294 — 305 — —
Mae 250 — 148 — —
Diverse 3 — 4 — —
Health behavior index 525 6.64 (1.71) 435 5.06 (1.36) 24614 (1,978) <.001 214
Personally defined goals for stress management
Active strategies 548 -.08 (0.04) 460 .09 (1.01) 8.03(1,978) 01 .008
General competency 548 -.26 (0.04) 460 .32(0.87) 9416 (1,978) <.001  .086
Passive strategies 548 -.02 (0.04) 460 .03 (1.01) 0.537(1,978) .46 .001
Per sonality variables
Need for security 526 3.94 (0.83) 448 3.87(0.83) 2.18(1,972) 14 .002
Information acquisition 525 3.66 (0.57) 448 3.52(0.54) 14.75(1,971) <.001 .015
Need for stimulation 531 3.55 (0.62) 452 3.26 (0.61) 54.49 (1,971) <001  .053
Information processing 526 4.10 (0.59) 451 4.07 (0.58) 0.68 (1,975) 41 .001
App feature variables
Individualization of app content 543 4.27 (1.76) 456 4.59 (1.57) 8.95 (1,978) <.001  .009
Fulfilling common weekly goals and 541 3.78 (1.58) 455 4.05 (1.48) 7.8 (1,978) .01 .008
tasks
Connecting the app with wearables 534 3.02 (1.74) 448 3.38(1.81) 10.07 (1,978) <.001 .010
Increasing knowledge about a healthy 538 4.09 (1.62) 455 4.38 (1.44) 9.06 (1,978) <.001  .009
lifestyle
Suggestionsfor activitieswiththefamily 541 3.61(1.61) 454 3.94 (1.53) 1052 (1,978)  <.001 .010
Diaries for documentation and develop- 540 3.45 (1.57) 452 3.80(1.51) 12.43 (1,978) <.001 .012
ment of strategies
Reminders for objectives 542 4.04 (1.58) 455 4.24 (1.47) 4,55 (1,978) .03 .005
Informational or instructional videos 540 4,08 (1.60) 456 4.30(1.47) 4.71(1,978) .03 .005
Analog format for children 548 1.72(0.45) 460 1.68 (0.47) 2.56 (1,978) 11 .003
Gamification feature variables
Comparison with others, inarankingor 544 2.26 (1.61) 454 2.26 (1.65) 0(1,976) .98 0
on ahigh score list
Controlling and checking my progress 546 4.25(1.76) 454 4.53 (1.60) 6.82 (1,998) .01 .007
Collecting pointsfor my performance 545 3.60(1.83) 455 3.79 (1.78) 2.66 (1,998) .10 .003
Collecting shared pointswith other fam- 541 3.50 (1.83) 453 3.59 (1.87) 0.61 (1,992) 43 .001
ily members
Receiving awards, recognition, or encour- 541 3.26 (1.77) 455 3.42 (1.76) 2.21(1,994) 14 .002
agement
Providing monetary incentives for 536 3.52 (1.88) 453 3.74 (1.82) 3.52 (1,987) .06 .004
achieving goals
Linking to the bonus program of the 541 4.16 (1.93) 456 4.40 (1.80) 3.97 (1,995) .05 .004
health insurance company
Designing an avatar 541 2.46 (1.64) 454 2.72(1.77) 5.69 (1,993) 02 .006
https://www.jmir.org/2021/7/626376 JMed Internet Res 2021 | vol. 23 | iss. 7| e26376 | p. 7

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Bischoff et al
Variables Nontarget group (n=548)  Target group (N=460) Comparison

n Mean (SD) n Mean (SD) F test (df1,df2) Pvaue np?
Completing tasks under time pressure 543 2.29 (1.50) 456 2.41 (1.58) 1.59 (1,997) 21 .002
(eg, a countdown)
Advancing to another level orincreasing 542 3.22 (1.75) 457 3.39 (1.72) 2.38(1,997) 12 .002
the level of difficulty
Sharing and comparing my achieved 542 2.18 (1.47) 456 2.22 (1.50) 0.22 (1,996) .64 0
goalswith others
An accompanying storyline 541 2.65 (1.70) 454 2.73 (1.64) 0.52 (1,993) A7 .001
Receiving auditory, haptic, or visua 539 3.06 (1.73) 455 3.27 (1.69) 3.9(1,992) .05 .004
feedback
Rating other family members 539 2.43 (1.60) 454 2.46 (1.62) 0.05 (1,991) .82 0

8Data not provided.

Correlations Between Per sonally Defined Goals of
Interest for Stress Management and App Featuresin
the Target Group

The personally defined active strategies factor was correlated
with 5 of the 8 features (increasing knowledge about a healthy
lifestyle, suggestions for activities with the family, diaries for
documentation and development of strategies, reminders for

objectives, and informational or instructional videos) (Table 2).
The general competency factor was correlated with fulfilling
common weekly goalsand tasks, diariesfor documentation and
development of strategies, and reminders for objectives. The
passive strategies factor showed the lowest correlations with
thefeatures; it wasonly correlated with suggestionsfor activities
with thefamily and diariesfor documentation and devel opment
of strategies. While some features were correl ated with several
target factors, others were specific to one factor.

Table 2. Correlations between personally defined goals and app featuresin stressed individuals with low stress competency.

Feature variables® Active strategies General competency Passive strategies
r Pvaue n r Pvalue n r Pvalue n

Individualization of app content 0.044 .35 456 0.037 43 456 0.076 A1 456
Fulfilling common weekly goals and tasks 0.086 .07 455 0.107 .02 455 0.068 15 455
Increasing knowledge about a healthy lifestyle 0.143 .002 455 0.066 .16 455 0.081 .08 455
Suggestions for activities with the family 0.158 .001 454 0.084 .07 454 0.152 .001 454
Diaries for documentation and development of 0.136 .004 452 0.104 .03 452 0.125 .008 452
strategies

Reminders for objectives 0.145 .002 455 0.135 .004 455 0.048 .30 455
Informational or instructional videos 0.201 <.001 456 0.090 .05 456 0.061 A9 456
Controlling and checking progress 0.030 .52 454 0.034 A7 454 0.005 .92 454

8A|| significant correlations were considered to have a small effect.

Integration of the Feature Variablesin Linear
Regression Models

We found that the correlations were partialy eliminated in
multivariate models (Table 3). For the active strategies factor,
only information or instructional videos had a significant effect
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(P=.02). The general competency factor showed none, and the
passive strategies factor showed a significant effect for
suggestions for planning possible activities with the family
(P=.01) and diaries for documentation and development of
strategies (P=.03).
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Table 3. Integration of the feature variablesin 3 linear regression models.

Bischoff et d

Feature variables Active strategies Genera competency Passive strategies
B P value B P value B P value

Individualization of app content -.085 21 -.042 .54 .013 .85
Fulfilling common weekly goals and tasks .003 .97 .055 A7 .025 74
Increasing knowledge about a healthy lifestyle .022 75 -.008 91 -.026 .70
Suggestions for activities with the family .085 .20 .005 .94 74 .01
Diarie§for documentation and development of .051 45 .014 .84 .149 .03
strategies

Reminders for objectives .063 46 152 .08 -.129 A3
Informational or instructional videos 154 .02 .023 .73 .023 .73
Monitoring and checking progress -.099 A1 -.086 .18 -.072 .25

Discussion

Principal Findings

The main goal of this cross-sectional study was to identify the
requirements for an app that addresses stress management
competencies in a cohort of highly stressed family members.
We analyzed the characteristics of the target group, their
individualized interestsin app features and gamification aspects,
their personality traits, and different types of personally defined
goals.

Almost half of the study sample was identified as the high-risk
population—stressed individuals with low stress competency.
Thisunderlinestheimportance of thisstudy'saim. Furthermore,
thisgroup's sizereflectsthe ever-increasing proportion of people
who feel unable to effectively cope with stressors in their
everyday and workife situations, which is why the World
Health Organization classified stress as the health epidemic of
the 21st century and called for prevention strategies [72]. As
expected, further analysis of the target group revealed a lower
health index—amarker for individual health behavior based on
physical activity, dietary behavior, and stress management—than
that of the group with lower perceived stresslevels. Thisfinding
is in line with those of prior studies, indicating that highly
stressed individuals are less likely to engage in mental health
promoting activities [37-40].

Notably, thetarget group aso differed in their personally defined
goalsof interest for stress management. The parentswho stated
that they experience high stress and have low stress management
competency aimed to achieve general competencies such as
improvement of stress management competencies, acquisition
of the ability to perform stress management techniques from
anywhere, and improvement of personal resilience to stress.
The nontarget group, however, aimed to achieve active strategies
including performance of yoga exercises. This highlights the
need to differentiate between the groups when devel oping and
implementing mobile solutions to improve stress management
competency. According to our results, the target group did not
formulate specific goals but tended to have unspecific, general
goas. Therefore, one might speculate that participants with
subjectively higher stress levels and lower stress management
competencies need more help with goal setting and more
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information about which strategies might reduce stress. These
results further emphasize the need for tailored app features for
highly stressed families. In line with Control Theory, behavior
change techniques, such as goal setting, have been associated
with increased intervention effects [73,74]. A study [75]
evaluated anewly developed internet-based stress management
intervention in a waitlist-controlled randomized tria that
included principles for health behavior change such as goal
setting, action planning, and coping planning for reducing stress
in employees with elevated stress levels; their results showed
significantly large effect differences between the intervention
and waitlist control group for perceived stress at posttest.
Goal-setting techniques features might thus be promising for
the individual needs of stressed individuals with low stress
competency.

Theanalysis of specific app featuresrevealed further differences
between the 2 groups regarding their app-related interests. The
target participants, with low stress management competencies,
indeed showed higher ratings for app features that can be used
as goal -setting techniques: weekly goal and task achievements,
diaries for documentation, and development of strategies and
reminders for objectives. Furthermore, they had higher ratings
for content individualization, connecting wearables to the app,
increasing knowledge about a healthy lifestyle, suggestionsfor
activities with the family, and informational or instructional
videos. Overdl, these results indicate that users identified as
the high-risk population, with low stresss-management
competenciesand high perceived stresslevels, wish for features
that facilitate the usage of the stress management apps. These
requested features can be primarily interpreted as a need for
coaching and instruction. In fact, such guided interventions have
been shown to be more effective compared with unguided
interventions [76]. Moreover, studies suggest guidance is
conducive to the effectiveness of stress management
interventions [49]. The support that might be provided in
eHealth interventions can be technical or content-related, in
order to ensure the correct usage [77].

A comprehensive systematic review [57] has established
engagement promotion and enhancement of effectiveness as
main reasons for the use of gamification in mental health
promotion. In an attempt to meet this call, our study investigated
the participant’sinterest in such elements. Nevertheless, among
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gamification feature variables, only controlling and checking
progress met relevance criteria. This leads to the assumption
that theinterest in gamification elementsis mostly independent
of perceived stress competencies and stress levels. The greater
interest of the target group in tracking features of their progress
further underpinsthe assumed need for coaching and instruction
aswell asgoal setting.

Interestingly, personsreporting high stresslevelsand low stress
management skills were younger than participants with lower
self-reported stress and differed significantly in 2 personality
traitsvariables. Specifically, their personality structureindicated
lower scores in information acquisition (P<.001) and need for
stimulation (P<.001). According to PSI theory, stressed
individualswith low stress competency thus have more selective
information acquisition and lower needs for stimulation than
the nontarget group members [64]. Kuhl [78] describes
individualswith selective information acquisition in accordance
with Jung [79] by pointing out their analytical and structured
thinking and their intuitive ability to control their behavior.
Unconscious perception and behavior programs may
consequently support them. A low need for stimulation, in
contrast, indicates less action-oriented and more introverted
behavior [64]. This is frequently associated, in other studies
[80,81], with the occurrence of anxiety, stress, and depression.
Thus, our results suggest that these 2 personality traits are vital
for the perception and management of stress. Literature
repeatedly demonstrated this influence of personality traits on
stress perception [82,83]. For the development of an app to
improve stress management skills, individualization of the
content based on personality structure will address individuals
in the target group more adequately. The content should be
tailored to people with selective information acquisition and a
low need for stimulation. This might be achieved by a
minimalistic user interface, decreasing the participants
stimulation, thereby focusing their attention on the essential
contents. Ervasti et a [84] were able to show, with a study on
the influence of personality on interest in stress apps that high
neuroticism levels (originated in the Big Five theory, but
conceptually comparableto low stimulation need in PS| theory)
were positively correlated with interest in stress management
apps, which is analogous to the results of this study. The
predictive value of neuroticism on stress perception was also
highlighted in a comprehensive meta-analysis [58].

Furthermore, it appearsthat interest in some featureswas higher,
depending on specific personally defined goals of interest. While
multiple correlations were found between personally defined
goals and app features, correlations were partially eliminated
in multivariate models. Nevertheless, our results indicate that
the probability of interest ininformational or instructional videos
was higher when active goals had been set. Similarly, interest
in suggestionsfor family activitiesand diarieswas higher when
personally defined goals yielded passive strategies.

Our results support the theory that creating a stress management
app requires tailored content to address the differences in
perceived stress levels, stress competencies, and personality
traits. These findings build on those of Lustria et a [54], who
pointed out that presenting general health information without
considering individual needs or personal relevance may

https://www.jmir.org/2021/7/e26376
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substantially limit the extent of health behavior change. Our
study substantiate this call for individualized messaging based
on preassessment of key individual-difference variables by
reinforcing the notion that highly vulnerable families with low
perceived stress competency need an individualized app content,
additionally tailoring different personality types. Tailoring works
by increasing the personal relevance of health messages [85]
and holds promise.

Limitations and Future Research Directions

One limitation of the study isthat only individual parentswere
surveyed. Assessing more than one family member could not
be realized at this stage of the project but will be aimed for in
future studies. With respect to spill-over effects of perceived
stress across family members [8-10], a holistic analysis of
requirements of an app that targets the entire family is needed.

A further limitation isthat the identification of our target group
was only based on 2 items. This was due to practical reasons
and thelength of the existing survey in alarger research project.
Theresults presented and discussed in this paper can, thus, only
be regarded as exploratory and should be replicated using
validated scales such as the Perceived Stress Scale [86].
Nevertheless, because of the large sample size, our results
underpin those from existing research, reinforcing the notion
of tailoring in the devel opment of web-based stress management
interventions.

Future research should bring these preliminary datainto practice
and develop and evaluate an app that adequately addresses the
stress level and stress competency as well as personality traits
and persona goals of the user. Furthermore, there is till no
evidence to support whether aready existing apps are well
accepted by our target group and whether these apps provide
motivating factorsfor long-term use to build and maintain stress
management skills. For this reason, further studies on the
sustainable development of apps and the support of behavior
change processes, in the course of stress management, should
identify the situations and conditions that can have an impact
on work-life stress, coping, and goals of individual family
members.

Thereisaso aneed for further research in this areato provide
sustainable evidence for features and gamification elements
with the aim of developing age- and gender-specific stress
coping skillsand, if necessary, to enabletransfer to other digital
media.

Practical Implications

Nevertheless, there are some important practical implications.
Health authorities and mHealth or app devel opers should take
our findings into account when planning and implementing
tailored app-based mental health promotion interventions for
families. In afirst step, target group identification is necessary.
The target sample—highly stressed families with low stress
competencies, in this case—can be characterized by age, gender,
health behavior, and personality. The design of the app, aswell
as its promotion, should address the unique characteristics of
the target group, for example, in this case, a minimalistic user
interface that decreases stimulation. In a second step, the app
should be designed in such a way that individual setting of a
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stress management goal is possible. These self-defined goals,
defined beforehand, represent specific demands and wishes for

Bischoff et d

relevant app and gamification elements (Figure 2).

Figure 2. Planned development of a tailored app to increase stress management competencies within families, based on our results. In step 2, the
continuous lines depict the significant effects of the calculated linear regression models whilst the dashed lines represent significant correlations.

1. Target group identification

Vulnerable populations with high stress
and low stress competencies

Age (rather younger than
older target group)

Gender (rather female than
male target group)

Health behavior [rather unhealthier than §
healthy target group) |

Personality (selective information
acquisition & low need for stimulation)

Conclusions

The results of this cross-sectional study show that, in order to
develop an app to increase stress management competencies
within families, the content should be based on preassessed of
competencies, goals, and personality traits of the potential user,
and thus, tailored to the user’s needs. Highly stressed parents
with low stress management skills want features in an app that
make it easier to use and include goal setting techniques. In
fact, aneed for coaching and instruction was identified, which

2. Goal-specific app-tailoring

Fulfilling weekly
goals and tasks

General
competence

Instructional
videos

Reminders for
objectives
Active TemmmTmmmomsmmomten
strategies . .
Diaries for
documentation

Knowledge about
a healthy lifestyle
Passive W S
strategies @\ |[Feeeececottiitiiiis

Suggestions for
activities

underpinned prior research showing that guided stress
management interventions have more promising results.

This study deliversfirst results and directionsto inform further
research in the growing field of mobile and web-based solutions
in mental health care. The relationship between integrated
elements of behavior change techniques, the usage of
gamification el ements, and most notably, tailoring of the content
of a web-based intervention and the resulting health behavior
change show promise that is urgently needed with respect to
increasing stresslevelsand its associated adverse health effects.
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ZUSAMMENFASSUNG

Ziel der Studie Digitale Technologien gewinnen in der pri-
maren Pravention zunehmend an Bedeutung. Die Mehrheit
digitaler Angebote richtet sich an das Individuum; Zielgruppen
wie Familien werden selten adressiert, die Ermittlung und die
Berticksichtigung des Bedarfs und der Bedirfnisse sind fiir eine
adressatengerechte Appentwicklung bedeutend. Das Studien-

ziel ist die Ermittlung der Grundvoraussetzungen und gesund-
heitsbezogenen Ziele der befragten Familien fiir die Handlungs-
felder Bewegung, Erndhrung und Entspannung sowie die
Erfassung inhaltlicher Schnittmengen der Familienmitglieder
in einer Gesundheits-App.

Methodik Die Online-Befragung erfolgte mit N=1008 Eltern-
teilen (@ 48 Jahre, 59 % weiblich, 39,3 % mannlich, 1,7 % divers)
zu deren Gesundheitszustand sowie den Themen Bewegung,
Erndhrung und Entspannung, Smartphonenutzung, Appfea-
tures und Gamification. Die quantitative Datenauswertung
(Haufigkeitsanalysen, Chi2-Test, Faktorenanalyse sowie einfak-
torielle Varianzanalyse) erfolgte mit IBM SPSS Analytics (25;
Armonk, NewYork).

Ergebnisse Der Gesundheitszustand wurde von der Mehrheit
der Befragten als positiv bewertet. Die Minderheit erfiillte die
Referenzwerte der WHO in der Bewegungsaktivitat und Erndh-
rung. Weiter berichteten die Befragten tiber ein hohes Stress-
level und niedrige Stressmanagementkompetenzen. Als Ziel-
bereiche zur Gesundheitsférderung lieRen sich vor allem
aktive EntspannungsmaRnahmen, Erndhrung, Kompetenzer-
weiterung, korperliche Aktivitat, Naturaktivitdten und Sport-
Erholungsangebote identifizieren. Signifikante Unterschiede
fur die Akzeptanz seitens der Kinder zeigten sich mit steigen-
dem Alter fiir die Bereiche aktive Entspannungsmalnahmen
[F(2)=3,367; p=,035] und Sport- und Erholungsangebote
[F(2)=7.480; p=,001].

Schlussfolgerung Die Studie deckt inhaltliche Schnittpunk-
te der Familienmitglieder fir einen Prozess der gesundheitli-
chen Verhaltensanderung mit digitaler Unterstiitzung auf. Das
Interesse an einzelnen Angeboten differiert zwischen den Al-
tersgruppen der Kinder. Weitere Forschung sollte Nutzungs-
praferenzen in einer familidren Gesundheits-App, die Nutzung
in verschiedenen Familienkonstellationen sowie eine familien-
gerechte Ansprache identifizieren.

ABSTRACT

Study aim Thereis anincrease in digital technologies to sup-
port health promotion. The majority of offerings is aimed at
the individual but are less adapted to social life constellations
such as families. The goal of this is study was to highlight the
need and the requirements for an addressee-oriented app de-
velopment. This was to be achieved by determining the initial
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situation and health goals of the surveyed families in the fields
of exercise, nutrition and relaxation, and identifying points of
intersection of the family members for a health app.
Methods The online survey was conducted with n=1008
parents (@ 48 years, 59 % female, 39.3 % male, 1.7 % diverse)
on health status as well as exercise, nutrition and relaxation,
smartphone use, app features and gamification. Quantitative
data analysis (frequency analyses, Chi? test, factor analysis, and
single-factor analysis of variance) was performed using IBM
SPSS Analytics (25; Armonk, NewYork).

Results The majority of those surveyed considered their sta-
te of health to be good. The minority met the WHO reference
values for physical activity and nutrition. In addition, the res-

pondents were exposed to a high level of stress with simulta-
neously low coping skills. The identified target areas were ac-
tive relaxation measures, nutrition, general competence,
physical activity, nature activities and sports-recreation oppor-
tunities. Significant differences were found in age, in the active
relaxation measures [F(2)=3.367; p=0.035] and sports-recrea-
tion opportunities [F(2)=7.480; p=0.001].

Conclusion The study reveals intersections of families’ con-
tent for a behavior change process with digital support. The
interest in individual offers differs between the age groups of
the children surveyed. Further research should identify health
app usage preferences in families and in different family cons-
tellations as well as a family-friendly approach.

Digitalisierung birgt groRe Chancen fiir neue Interventionen zur
Préavention und Gesundheitsforderung. Digitale Medien, z.B. Ge-
sundheits-Apps gelten als niedrigschwellige Angebote zum Einstieg
in Prozesse der Gesunderhaltung und Gesundheitsférderung [1]
und gewinnen im Zuge von Pandemien wie Covid-19 an Bedeu-
tung. Am Markt fiir Gesundheits-Apps stieg 2014-2016 weltweit
die Anzahl digitaler Gesundheitsangebote von 16.316 auf tiber
100.000 an [2, 3]. Die Mehrheit der Gesundheits-Apps richten sich
geschlechtsunspezifisch an Erwachsene sowie Jugendliche. Nur we-
nige Apps sind fiir Kinder bestimmt und bedrfen, z. B. Hilfestel-
lung eines Erwachsenen, so dass Datenschutzrichtlinien addquat
umgesetzt werden konnen. Dies betrifft die Datenerfassung, Ein-
willigung und das Léschen personenbezogener Daten. Zudem sind
viele Gesundheits-Apps nicht passfahig fiir spezifische Lebenssitu-
ationen und Zielgruppen. Aus diesem Grund bieten sich insbeson-
dere bei Kindern und Jugendlichen Potenziale. Hier lasst sich spe-
ziellin der familienbasierten Anwendung eine hohe Nutzer-Akzep-
tanz erwarten [3,4].

Pravention und Gesundheitsférderung erfordern auch im Fami-
lienkontext individuelle Verhaltensveranderungen. Die Motivati-
onsbildung bedarf hierbei positive Ergebniserwartungen, Kontrol-
liberzeugungen und Gesundheitskompetenz [5, 6]. Letztere er-
werben Kinder bestenfalls im primdren Sozialisationsort [7] sowie
im sozialstrukturellen und milieuspezifischen Umfeld der Familie
[8,9]. Insbesondere die emotionale Bindung zu einer Bezugsper-
son gilt als wichtige Voraussetzung fiir eine gesundheitsforderli-
che Entwicklung des Kindes [10, 11]. Eltern besitzen hier eine Vor-
bildfunktion (z. B. sich mit Freude zu bewegen) und kénnen das
hédusliche Umfeld anregend gestalten (z. B. Mdglichkeiten zur Be-
wegungsférderung schaffen). Andererseits wirkt sich z. B. eine ge-
ringe familidre Férderung des Gesundheitsverhaltens ungtinstig
auf das zuklinftige Bewegungsverhalten der Kinder und Jugendli-
chenaus [8,9]. Dies fiihrt dazu, dass Bewegungsempfehlungen der
Weltgesundheitsorganisation (WHO) [12] (Erwachsene 150-300
Minuten Bewegung pro Woche, in maRiger Intensitdt oder 75-150
Minuten bei intensiver aerober Betdtigung; Kinder und Jugendli-
che zwischen fiinf und 17 Jahren: tdgliche Bewegungszeit von = 60
Minuten in moderater bis hoher Intensitdt) nicht umgesetzt wer-
den. Somit bleiben gesundheitsférderliche Potenziale von Bewe-
gung ungenutzt [12-14].

Analog zu ihrem Einfluss auf die Bewegung nehmen Eltern eine
richtungsweisende Rolle fiir das Erndhrungsverhalten ihrer Kinder
ein (z.B. durch die Verstdrkung bestimmter Verhaltensweisen) [ 14—
16]. Aktuell erreichen nur 15 % der Frauen und 7 % der Manner die
von der Deutschen Gesellschaft fiir Erndhrung (DGE) empfohlenen
finf Portionen Obst und Gemiise pro Tag [17]. Zudem ist die For-
derung einer ausgewogenen Erndhrung unerldsslich. Bereits die
Frithstiicksmahlzeit ist bei Kindern und Jugendlichen von hoher Be-
deutung, daregelmaRiges Frihstiicken mit einem positiven Erndh-
rungsverhalten assoziiert ist und zur positiven kognitiven und phy-
sischen Entwicklung beitragt [18, 19]. Aktuelle Studienergebnisse
(N=4347 Kinder und Jugendlichenim Alter von 11-15 Jahren) be-
legen jedoch, dass 51 % der Mddchen und 59 % der Jungen das tag-
liche Friihstlick auslassen [20]. Als Resultat einer ungesunden und
unregelmaRigen Erndhrung erhéht sich das Risiko fiir Ubergewicht
und Adipositas, insbesondere bei jungen Menschen und sozial be-
nachteiligten Familien [8,11,14-17,21,22].

Ferner zeigen aktuelle Studien [23, 24], dass mehr als die Half-
te der deutschen Bevolkerung Stress empfindet, u. a. durch die Si-
tuation am Arbeitsplatz, Termine und Verpflichtungen, die Pflege
von Angehoérigen und die finanzielle Situation. Aber auch fehlende
soziale Unterstiitzung oder die Familie, die einerseits eine soziale
Ressource darstellt, wird aufgrund zugehériger Verpflichtungen als
Stressor angesehen (z. B. Work-Privacy Konflikte) [25]. Viele All-
tagsanforderungen fiihren schon bei Kindern zu Stressbelastungen
(z.B. Trennung der Eltern; schulischer Leistungsdruck) [13]. Somit
ist es bereits im Kindes- und Jugendalter relevant, geeignete Be-
waltigungsstrategien zu erlernen [26].

All diese Aspekte konnen in digitalen Technologien zur Praven-
tion und Gesundheitsférderung adressiert werden [27]. Da tiber
80 % der Kinder bereits mit 10 Jahren ein eigenes Smartphone be-
sitzen, ermdglichen Gesundheits-Apps einen Einstieg in die Ge-
sundheitsforderung [28]. Fiir die Handlungsfelder Bewegung, Er-
ndhrung und Entspannung sind die Potenziale fir digitale Interven-
tionen fiir Familien nicht ausgeschopft [1]. Bislang liegen nur
wenige Studien zur Nutzung von Gesundheits-Apps bei Heranwach-
senden vor. Erste Untersuchungen kamen jedoch zu dem Ergebnis,
dass Themen wie Sport/Fitness und Erndhrung als gemeinsames
Interesse bei Kindern und Jugendlichen sowie den Eltern vorliegen
[29]. Nach welchen Kriterien gesundheitsbezogene Apps dabei ge-
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wdhlt werden, und welchen Nutzen und welche Wirkung diese Apps
speziell bei Heranwachsenden erzeugen, ist noch unerforscht [30].
Im Gegensatz dazu ist der positive Nutzen von Gesundheits-Apps
bei Erwachsenen belegt: Vorteile sind u. a. die sofortige Verfiigbar-
keit von Interventionen, Gesundheitsmonitoring und Reminder-
funktionen [2]. Zudem erhéhen Gesundheits-Apps die Eigen-
motivation und eignen sich u. a. zur Steigerung der kérperlichen
Aktivitat, zur Erndhrungsaufkldrung, zum Erlernen von Entspan-
nungsiibungen und unterstiitzen somit Manahmen in der Primar-
pravention [31-33]. Die Nutzungsdauer einer Gesundheits-App ist
fiir die Umsetzung der eigenen Gesundheitsférderung entschei-
dend, um nachhaltig eine Veranderung z. B. im Lebensstil zu erzie-
len. Weiterfiihrend werden motivierende Aspekte z. B. unter Ein-
bezug von Gamification diskutiert [30,32, 34].

Zur Entwicklung nachhaltiger Praventions- und Gesundheits-
forderungsangebote ist es ein Ziel, die Beteiligten wahrend des ge-
samten Prozesses aktiv einzubinden [33]. Fiir die digitalen Zu-
gangswege der Pravention und Gesundheitsférderung fir Familien
bedarf es daher einer Ermittlung der Grundvoraussetzungen, ge-
sundheitsbezogenen Ziele und Schnittpunkte fiir alle drei Hand-
lungsfelder sowie spezielle Anforderungen an eine App. Daher ad-
ressiert diese Studie folgende Fragen:
= Wie stellt sich der IST-Zustand gesundheitsrelevanter

Merkmale (Stress, Bewegung und Erndhrung) in Familien dar?
= Welche gesundheitsbezogenen Ziele in den Bereichen

Bewegung, Entspannung und Erndhrung sind fiir Familien von

Interesse?
= Welche Schnittpunkte ergeben sich bei Kindern und Erwach-

senen fir App-Inhalte zur gemeinsamen Prévention und

Gesundheitsférderung?

Handlungsleitend fiir die Analyse war die Annahme, dass die Be-
fragten ein groBes Interesse an einer digitalen MaBnahme zur Pra-
vention und Gesundheitsférderung aufweisen, das sich in den Zie-
len einer Erh6hung der Bewegung, geslinderer Erndhrung und in
der Zunahme der Entspannungsfahigkeit als App-Inhalt widerspie-
gelt.

Methodik

Studiendesign

Die Querschnittsstudie diente der Bedarfsanalyse zur Entwicklung
einer Gesundheits-App fir Familien mittels einer quantitativen On-
linebefragung. Die Teilnahme an der Studie war freiwillig, entsprach
den ethischen Grundsétzen fiir medizinische Forschung am Men-
schen (Deklaration von Helsiniki). Die Datenerhebung erfolgte an-
onym. Das Online-Survey (01.05.2019-31.05.2019) nahm ca. 30
Minuten Zeit in Anspruch und erfolgte (iber die Software Quest-
back.

Stichprobe

Zur Teilnahme an der Befragung lud eine Krankenkasse 18.000 Ver-
sicherte mit dem Einschlusskriterium ,Kinder im Alter von 8-16
Jahren“ postalisch ein. Den Fragebogen beantworteten N=1.357
Versicherte, stellvertretend fiir die ganze Familie, wovon n=1.008

Befragte diesen beendeten (Ausftillquote von 74 %; 59 % weiblich,
39% mannlich, 2 % divers; Durchschnittsalter 48 Jahre), 349 Teil-
nehmerlnnen brachen diesen vorzeitig ab. N=619 der 1008 be-
fragten Familien hatten mindestens ein Kind im Alter von 8-14 Jah-
ren und wurden in dieser Studie inkludiert. Die verbleibenden 389
Familien hatten ausschlieRlich éltere Kinder (mindestens ein Kind
zwischen 14 und 16 Jahren), weshalb eine Exkludierung dieser Teil-
nehmenden erfolgte. 39 % der n=619 inkludierten Familien hatten
Kinder im Alter von 8-10 Jahren, 32 % Kinder im Alter von 11-12
Jahren und 29 % Kinder im Alter von 13-14 Jahren (62 % weiblich,
37 % mannlich, 1% divers). Die Studienteilnahme erfolgte freiwil-
lig. Ein positives Votum der Ethikkomission lag vor (Aktenzeichen:
AZ:2019_270).

Fragebogen

Der validierte Fragebogen erfasste soziodemografische Daten, nach
der Anzahl der im Haushalt lebenden Personen, Alter in Jahren (1
Item) und Geschlecht (1 Item). Die Angaben basierten auf Selbst-
einschdtzung eines erwachsenen Familienmitgliedes fiir die ganze
Familie. Somit zielten die Fragen in den Handlungsfeldern kérper-
liche Aktivitdt (7 Items), Erndhrung (6 Items) und Stress (5 ltems)
auf die Einschdtzung des Befragten sowie auch auf andere Famili-
enmitglieder (Partnerln und Kinder) ab [35-37]. In den drei Dimen-
sionen wurden Gesundheitspotentiale und -defizite (inkl. Einhal-
tung der WHO-Kriterien) sowie Fragen zur Zielsetzung der Famili-
enmitglieder fiir die drei einzelnen Handlungsfelder (10 Ziele pro
Handlungsfeld) erfasst (weitere Informationen siehe ergdanzendes
Material). Die prasentierte Auswahl der 30 Ziele resultierte aus vor-
her gefiihrten qualitativen Interviews mit Eltern und Fokusgrup-
peninterviews mit Kindern verschiedener Altersstufen (N =40).
Handlungsleitend hierbei waren Aktivitdten, die sich eine Familie
gemeinsam vorstellen kénnten.

Um Verzerrungen durch die unfreiwillige Offenlegung sensibler
Informationen zu vermeiden, gab es fiir jede Frage die Option
~keine Offenlegung” und es wurde auf Pflichtfragen verzichtet.

Der vollstandige Fragebogen kann (iber die korrespondierende
Autorin bezogen werden.

Datenanalyse und Statistik

Die quantitative Datenanalyse umfasste vier Schritte:

1. Der erste Schritt beinhaltete eine Haufigkeitsanalyse zur Erfiil-
lung der WHO-Empfehlungen fiir Bewegung, welche alle 1008
Befragten inkludierte [12] (Erwachsene 150-300 Minuten Bewe-
gung pro Woche, in maRiger Intensitdt oder 75-150 Minuten bei
intensiver aerober Betdtigung; Kinder und Jugendliche zwischen
fiinf und 17 Jahren: tagliche Bewegungszeit von =60 Minuten in
moderater bis hoher Intensitat), Erndhrung und Entspannung
sowie Ziele in den Handlungsfeldern.

2. AnschlieRend wurden die Angaben der Befragten und deren
Familienmitglieder (n=619) zu den 30 mdéglichen Gesundheits-
zielen mit Chi2-Tests auf den Zusammenhang mit erfillten bzw.
nicht erfiillten Empfehlungen in die Bereiche Bewegung, Erndh-
rung und Entspannung hin untersucht. Das Ziel bestand darin,
Ziele von Personen zu identifizieren, die die Empfehlungen nicht
erreichen.

I. Gesundheitsziele Bewegung: Verbesserung der Fitness, Ver-
besserung der Ausdauer, Steigerung von Beweglichkeit, Akti-
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vitdt im Freien, Steigerung der Leistungsféhigkeit, Aufbau von
Muskelmasse, Aktiverer Lebensstil, Teilnahme an Sport- und
Gesundheitskursen, Durchfiihrung von Eltern-Kind-Work-
outs, Mitgliedschaft im Sportverein.

Il. Gesundheitsziele Erndhrung: Gesiindere Erndhrung, Auspro-

bieren neuer Rezepte, Einkaufen von saisonalen, lokalen oder

Bioprodukten, Gewichtszu- oder abnahme, Erndhrungsum-

stellung, Erhohung der Fliissigkeitszufuhr, Verbesserung des

Uberblicks iiber zugefiihrte Nihrstoffe, Selber Kochen, Vege-

tarische Erndhrungsweise, Vegane Erndhrungsweise.

Gesundheitsziele Entspannung: Zeit in der Natur verbrin-

gen, Umsetzung von gezielten Entspannungsmethoden,

Erhohung der Widerstandsfdhigkeit, Wahrnehmung von

Wellness- und Saunaangeboten, Aneignen von Ubungen fiir

unterwegs, Durchfiihrung von Achtsamkeitsiibungen, Durch-

fihrung von Meditationsiibungen, Atemiibungen, Yoga-

Gibungen, Verbesserung der Stressbewadltigung.

3. In einem weiteren Schritt wurden von den 30 Gesundheitszie-
len alle 22 signifikanten Gesundheitsziele in einer Hauptkompo-
nentenanalyse mit Varimax-Kaiser-Rotation faktorenanalytisch
auf N=6 Faktoren reduziert.

4, Fur die sich aus Stufe 3 ergebenden Faktoren erfolgte eine
Uberpriifung von Unterschieden hinsichtlich der Gesundheits-
ziele als Familie, mit Kindern und Jugendlichen im Alter von
8-10, 11-12 und 13-14 Jahren mittels einfaktorieller Varianz-
analyse (ANOVA). Die statistische Auswertung erfolgte mit IBM
SPSS 25.0 (IBM Statistics fiir Windows, Version 25; Armonk, NY:
IBM Corp).

Ergebnisse

Bewegung

Die WHO-Empfehlungen im Handlungsfeld Bewegung erfiillten
20% der Gesamtbefragten (N=1008) (Selbsteinschatzung). Nach
Einschdtzung der Befragten wurden die Empfehlungen, bei 20 %
der Partnerinnen sowie bei 21 % der Kinder erfiillt. Die Bewegung
der eigenen Kinder bewerteten die Befragten iberwiegend als
»gut®, auch wenn die Kriterien der WHO nicht erreicht wurden.

Erndhrung

Im Handlungsfeld Erndhrung erfllten etwa 11 % der Befragten die
Empfehlungen zu regelmdRigen Mahlzeiten, inkl. eines Friihstiicks.
Die Angaben beruhen auf Selbsteinschatzung der befragten Per-
sonen. Insgesamt beurteilten 62 % der Befragten ihren Erndhrungs-
stil selbst als ,,gut”, erreichten jedoch nicht die Empfehlungen zu
den regelmdRigen Mahlzeiten.

Stress

Eine Dichotomisierung der Studiengruppe, in den Kategorien eher
hoch, hoch; teils teils, eher gering und gering, ergab eine Stichpro-
be von n=460 (46 %) mit hoher Stressbelastung und geringer
Stressmanagementkompetenz. Zudem beurteilten 61 % der Be-
fragten das Stresslevel bei deren Partnerin und 25 % bei den Kin-
dern als eher hoch/hoch und schatzten die Stressbewaltigungsfa-
higkeit niedrig ein.

Gesundheitliche Ziele der Befragten

Die Datenauswertung der Gesundheitsziele fiir potenzielle Hand-
lungsfelder der Familien ergab, dass 84 % der Befragten angaben,
Erndhrungsziele mit der Familie umsetzen zu wollen, gefolgt von
77 %, die fiir Bewegungs- und 69 % Entspannungsziele stimmten.
Bei einer Spezifizierung, welche Ziele konkret mit einer App unter-
stlitzt werden sollte, nannten 45 % der Befragten das Feld Bewe-
gung, 27 % den Bereich Erndhrung und 28 % das Segment Entspan-
nung.

Ziele innerhalb der drei Handlungsfelder

» Tab. 1 zeigt das spezifische Interesse an Gesundheitszielenin den
Bereichen (1) Bewegung, (2) Erndhrung und (3) Entspannung der
Familien mit Kindern im Alter von 8-14 Jahren.

Insgesamt ergaben sich somit 22 Gesundheitsziele: Bewegung
(6), Erndhrung (6), Entspannung (10). Mittels Faktorenanalyse lie-
Ren sich diese 22 Gesundheitsziele auf sechs Faktoren reduzieren
(> Abb. 1): Aktive EntspannungsmaRnahmen, Erndhrung, Allge-
meine Kompetenz, Kérperliche Aktivitat, Naturaktivitdten, Sport-
und Erholungsangebote.

Der » Abb. 1 ldsst sich entnehmen, dass als Beispiel, einer die-
ser sechs Faktoren, hier: Naturaktivitdten, die Variablen ,Zeit in der
Natur® und ,Aktivitdt im Freien“ zusammenfasst. Eine Person, die
sich Zeit mit der Familie in der Natur vorstellen kann, kénnte sich
zu einer sehr hohen Wahrscheinlichkeit auch Aktivitdten im Freien
als Familienziel vorstellen. Befragte, die Meditationsiibungen als
familidre gesundheitliche Zielvorstellung haben, wiirden sich mit
sehr hoher Wahrscheinlichkeit auch fiir Atemibungen, Yogaiibun-
gen, Achtsamkeits- und Entspannungsiibungen begeistern.

Differenzierung der Gesundheitsziele zwischen der
Altersgruppe der Kinder und Jugendlichen

Nach Einschdtzung der Befragten indizierten die Ergebnisse, dass
sowohl fiir die Familien mit Kindern in der Altersgruppe 8-10 Jahre
alsauch 11-12Jahre und 13-14 Jahre in den Bereichen Erndhrung,
Allgemeine Kompetenz, Korperliche Aktivitdt und Naturaktivitdten glei-
chermaRen Interesse besteht. Ein signifikanter Unterschied zeigte
sich zwischen den Altersgruppen 8-12 Jahre und 13-14 Jahre im
Bereich Aktive Entspannungsmalnahmen [F(2) =3,367; p=,035] mit
den Zielen der Durchfiihrung von Meditationsiibungen, Atem{ibun-
gen, Yogalibungen, Achtsamkeits- und Entspannungsiibungen (s.
> Tab.2).

Dariiber hinaus stellte sich heraus, dass sich nach Einschdtzung
der Befragten Ziele im Bereich Sport- und Erholungsangebote [F(2) =
7,480; p=,001] als Familie fiir die Altersgruppen 8-10 Jahre und
11-12 Jahre signifikant besser eignen als fiir die Altersgruppe
13-14 Jahre. In den dlteren Altersgruppen sinkt im Vergleich zu
jiingeren Altersgruppen die Akzeptanz fiir einige gesundheitliche
Zielsetzungen, die gemeinsam mit der Familie absolviert werden.

Diskussion

Das Studienziel bestand darin, inhaltliche Schnittmengen fiir die
Entwicklung einer familidren Gesundheits-App zu ermitteln. Dane-
ben wurden Gesundheitspotenziale, Ziele fiir MaBnahmen in den
drei adressierten Handlungsfeldern fiir die Gestaltung der App zwi-
schen den Eltern und Kindern identifiziert.
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»Tab.1 Gesundheitsziele der Familien, in den Bereichen Bewegung, Erndhrung und Entspannung.

Interesse an Gesundheitsziel vorhanden [Angaben in

Familienziele positiv

Prozent] bewertet [Chi2, p-Wert, C]
Befragte/r N=1008 Partner|in Kinder
N=789 N=619

(1) Bewegungsziele
Verbesserung der Fitness 77,8 63,5 49,7 Chi2=7,992 p=.005 C=.089
Verbesserung der Ausdauer 76,5 56,4 50,2 Chi2=9,718 p=.002 C=.098
Steigerung von Beweglichkeit 73,7 58,9 39,4 Chi2=4,276 p=.039 C=.065
Aktivitat im Freien 69,9 56,6 58,4 Chi2=15,663 p=.000 C=.124
Steigerung der Leistungsfahigkeit 56,7 42,4 34,5 ns
Aufbau von Muskelmasse 53,8 30,3 35,9 ns
Aktiverer Lebensstil 46,8 42,4 33,5 ns
Sport- und Gesundheitskurse 42,8 32,8 23 Chi2=9,510 p=.002 C=.097
Eltern-Kind Workouts 23,0 15,2 20,3 Chi2=69,437 p=.000 C=.254
Mitgliedschaft im Sportverein 21,5 18,5 31,6 ns
(2) Erndhrungsziele
Gestindere Erndhrung 56,9 52,4 56,5 Chi2=13,930 p=.000 C=.117
Ausprobieren neuer Rezepte 56,3 37,8 38,2 Chi2=11,485 p=.001 C=.106
Einkaufen von saisonalen, lokalen oder Biopro- 55,2 45,2 33 Chi2=5,512 p=.019 C=.074
dukten
Gewichtszu- oder abnahme 55,1 43 15,4 ns
Erndhrungsumstellung 55,1 42,1 41,4 Chi2=20,016 p=.000 C=.140
Erh6hung der Fliissigkeitszufuhr 46,1 31,7 41 ns
Verbesserung des Uberblicks iiber zugefiihrte 41,5 31,2 30,1 Chi2=11,793 p=.001 C=.108
Nahrstoffe
Selber Kochen 36,1 28,2 34,9 ns
Vegetarische Erndhrungsweise 28,1 21,6 22,4 Chi2=4,161 p=.041 C=.064
Vegane Erndhrungsweise 13,1 7,7 8,7 Ns

Interesse an Gesundheitsziel vorhanden [Angaben in Prozent] Familienziele positiv bewertet

[Chi2, p-Wert, C]
Befragte/r N=1008 Partner/in Kinder
N=789 N=617

(3) Entspannungsziele
Zeit in der Natur verbringen 79,6 67,2 64,6 Chi2=12,747 p=.000 C=.112
Umsetzung von gezielten Entspannungsme- 68,4 48 37,5 Chi2=57,386 p=.000 C=.232
thoden
Erhéhung der Widerstandsfahigkeit 63,8 52,6 43,4 Chi2=16,409 p=.000 C=.127
Wahrnehmung von Wellness- und Saunaange- 58,3 46,1 21,4 Chi2=19,289 p=.000C=.137
boten
Aneignen von Ubungen fiir unterwegs 57,4 36,9 40,6 Chi2=32,018 p=.000 C=.175
Achtsamkeitsiibungen 57,1 39,6 32,7 Chi2=26,135 p=.000 C=.159
Meditationstibungen 54,8 34,9 24,8 Chi2=22,681 p=.000 C=.148
Verbesserung der Stressbewaltigung 53,3 46,9 37,3 Chi2=43,424 p=.000 C=.203
Atemiibungen 53,1 34,6 28,8 Chi2=40,542 p=.000 C=.197
Yogalibungen 49,8 34,4 28,1 Chi2=27,561 p=.000 C=.163

Gesundheit in Bewegung, Erndhrung und
Entspannung

Analog zu einer friiheren Studie von Krug et al. (2013) [38] zeigte
auch die hier befragte Kohorte, dass 80 % der Teilnehmenden die
WHO-Empfehlungen fiir Bewegung nicht erfiillte. Im Handlungs-
feld Erndhrung verfehlen in dieser Stichprobe 89 % relevante Emp-
fehlungen zur Einnahme regelmaRiger Mahlzeiten inkl. eines Friih-
stlicks. Auch wurde das Stressniveau sowohl bei den Befragten als

auch den Familienmitgliedern als hoch eingestuft, bei zeitgleich
geringen Stressbewidltigungsfahigkeiten [26, 39]. Somit weist ein
GroRteil der Befragten Handlungsbedarf in allen drei adressierten
Handlungsfeldern auf. Im Hinblick auf die gesundheitsbeeintrdch-
tigenden Folgen mangelnder Bewegung [40], ungesunder Erndh-
rung [8, 14, 15] und eines hohen Stressniveaus [41-44] ist es rele-
vant, gemeinsam umsetzbare familidre Gesundheitsziele zu iden-
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Durchfiihrung von Meditationsiibungen

Durchfiihrung von Atemiibungen

Durchfiihrung von Yogaiibungen

Durchfiihrung von Achtsamkeitsiibungen

Umsetzung von gezielten
Entspannungsiibungen

Aktive Ent-
spannungs-
maRnahmen

(22,41%
erklarte
Varianz)

Erndhrung

Gesiindere Erndhrung

Erndhrungsumstellung
(z.B. Zucker- oder Fettreduktion)

Einkaufen von saisonalen, lokalen oder
Bioprodukten

Verbesserung des Uberblicks tiber
zugefiihrte Nahrstoffe

Ausprobieren neuer Rezepte

Vegetarische Erndhrungsweise

Aneignung von Ubungen fiir unterwegs

Erhéhung der Widerstandsfahigkeit

Verbesserung der Stressbewaltigung

Verbesserung der Fitness

Verbesserung der Ausdauer

Verbesserung der Beweglichkeit

Zeit in der Natur

Aktivitat im Freien

Durchfiihrung von Eltern-Kind-Workouts

Teilnahme an Sport- und
Gesundheitskursen

Wahrnehmung von Wellness- und

Saunaangeboten

(8,43%
erklarte
Varianz)

Allgemeine
Kompetenz

(6,35%
erklarte
Varianz)

Koérperliche
Aktivitat

(5,58%
erklarte
Varianz)

Natur-
aktivitaten

(5,16 %
erkldrte
Varianz)

Sport- und
Erholungs-
angebote

(4,66 %
erklarte
Varianz)

> Abb. 1 Die Hauptkomponentenanalyse mit Varimax-Rotation ergab eine 6 Faktoren-Losung, die kumulativ 52,59 % der Varianz erklarte. Eine hohe
Faktorladung ist hierbei durch eine durchgezogene Linie gekennzeichnet, wohingegen eine gestrichelte Linie eine partitale Faktorladung indiziert.

tifizieren und einfache Zugdnge zur familidren Pravention und
Gesundheitsférderung, z. B. (iber Apps, zu gestalten.

Inhaltliche Schnittpunkte der App

Laut Quellen des GKV Spitzenverbandes (2018) [33] werden der-
zeitim Handlungsfeld Bewegung die meisten Praventionsangebo-
te wahrgenommen (68 %), gefolgt von Erndhrung und Entspannung
[45]. Deckungsgleich stellte die Auswertung der vorliegenden Stu-

die Bewegung als zentrales Element zur Umsetzung von Gesund-
heitszielen in der Familie (iber eine entsprechende App heraus.
Interessanterweise identifizierte der erste Analyseschritt dieser
Studie, dass die Befragten alle zur Auswahl stehenden Ziele der Ent-
spannung als signifikant relevant einstuften. Dies lasst sich vermut-
lich auf das hohe Stressniveau der hier befragten Familienmitglie-
der zuriickfiihren und unterstreicht den Bedarf an Copingstrategi-
en und EntspannungsmaRnahmen. Die Evidenz beziiglich
verschiedener Techniken, z. B. fiir mehr Achtsamkeit in der Familie
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> Tab.2 Ergebnisse der deskriptiven Statistik und einfaktoriellen ANOVA der Familien mit Kindern und Jugendlichen im Altersvergleich.

Deskriptive Statistik ANOVA

8-10 Jahre n=244 11-12 Jahre n=196 13-14 Jahre n=179 Gruppenunterschiede

MW SA MW SA MW SA [F-Wert, p-Wert, eta?]
Aktive Strategien 13 1,05 1.4 1,06 .10 1,03 F(2)=3,367, p=,035, eta2=,011
Erndhrung -,04 1,02 -1,8 ,92 -,04 ,98 F(2)=1,349, p=,260, eta?=,004
Allgemeine Kompetenz -,03 .92 -,03 1,04 ,00 97 F(2)=,062 p=,940, eta?2=,000
Korperliche Aktivitdt .13 ,96 -,05 1,04 ,03 ,99 F(2)=1,337, p=,263, eta?=,004
Naturaktivitdten 11 ,95 1,8 1,02 15 ,99 F(2)=,286, p=,751, eta?=,001
Sport- und Erholungsange- ,29 1.1 ,055 1,08 -,10 1,1 F(2)=7,480, p=,001, eta2=,024
bote

zeigt, dass diese einen positiven Einfluss auf das Familienleben und
das Stressempfinden haben kénnen [46,47]. Jedoch bedarf es der
Beriicksichtigung der unterschiedlichen Anforderungen, Stresso-
ren sowie Bediirfnisse einzelner Familienmitglieder [48].

Differenzierung nach Altersgruppe

Den Mehrwert dieser Studie zu bisherigen Erkenntnissen bietet die
Identifikation der Appinhalte, in Abhdngigkeit des Alters der Kin-
der. Die Ergebnisse dieser Studie zeigen, dass mit zunehmendem
Alter der Kinder Aktive EntspannungsmaRnahmen (wie z. B. Medi-
tation, Atemiibungen) als gemeinsames Familienziel an Interesse
verlieren. Ebenso ldsst sich annehmen, dass sich die Bedeutung an
der Durchfiihrung von Eltern-Kind-Workouts, Sport- und Gesund-
heitskursen sowie Wellness- und Saunaangeboten als gemeinsa-
mes Programm, ab der Altersstufe der 13-14 Jahrigen reduziert.
Diese Ergebnisse sind vermutlich auf den Beginn der Pubertdt zu-
riickzufiihren, einhergehend mit der Abkehrvon den Eltern und der
Verdnderung des eigenen Korperbildes. Bei der Entwicklung einer
Gesundheits-App fiir Familien ist eine Individualisierung und ge-
zielte Ansprache [1,49] sowie eine entsprechende Differenzierung
der Appinhalte nach Alter ratsam.

MaRnahmen zur Steigerung der Allgemeinen Kompetenz, wel-
che hier eine Steigerung der Widerstandsfahigkeit und Verbesse-
rung der Stressbewaltigung inkludiert, werden hingegen als Fami-
lienziel, unabhangig des Alters, gewertet.

Im Erndhrungssegment sehen die Befragten ebenfalls eine M6g-
lichkeit des Setzens von Gesundheitszielen (z. B. neue Rezepte aus-
zuprobieren). Die Umstellung auf eine vegane Kost, eine Gewichts-
zu- oder -abnahme, die Erh6hung der Fliissigkeitszufuhr und selber
kochen wurden nicht als gemeinsames Familienziel benannt und
sind somit gemaRk den Gesundheitszielen der Familien in der App
nicht ausschlaggebend.

MaBnahmen der Bewegung und Naturaktivitdten wurden fiir
alle Familienmitglieder, unabhangig der Altersgruppe, positiv ein-
gestuft, sodass die Kombination eine Basis fiir eine familienorien-
tierte Pravention und Gesundheitsférderung Gber eine Gesund-
heits-App darstellt. So lassen sich die Ziele mehr Zeit in der Natur
zu verbringen mit Aktivitdten in der Natur, in Form von Bewegung,
als ein Ankniipfungspunkt umsetzen, der zum einen Bewegung als
auch die Zeit in der Natur, als passive Strategie der Stressbewdlti-
gung vereint [50,51].

Zusammenfassend wird deutlich, dass alle drei Handlungsfelder
von Relevanz und als ganzheitliche Angebote sicherzustellen sind.

Die Hypothese, dass die Befragten ein groRes Interesse an digita-
len MaRnahmen zur Pravention und Gesundheitsforderung aufwei-
sen, kann angenommen werden. Da die Entwicklungs- und Alters-
stufe der Kinder und Jugendlichen von entscheidender Bedeutung
ist, sollte eine Individualisierung und eine gezielte Ansprache der
unterschiedlichen Familienmitglieder bei der Appentwicklung Be-
riicksichtigung finden. Erfolgt ein Einstieg in die Appnutzung als
Familie mit Kindern im Alter von 10 Jahren, so ist das Vorliegen
eines gemeinsamen Interesses wahrscheinlicher, welches bei Kin-
dernim Alter von 13 Jahren nachldsst. Fir die Mediennutzungsdau-
er spricht die BZgA Empfehlungen von tédglich maximal 60 Minuten
firKinderim Alter von 6-10 Jahren aus, die in der App-Entwicklung
Berlicksichtigung finden sollte [52]. Weiter ist die Bereitstellung
von Angeboten, die Heranwachsenden Orientierung, verstandli-
che Informationen zum Thema Datenschutz sowie Schutz vor un-
seridsen Anbietern bieten, von Bedeutung, um die Chancen der
Gesundheits-Apps und die Risiken und damit verbundene Hiirden,
zu reduzieren [53].

Zu den groBten Starken dieser Studie gehort die bundesweite
Anzahl der Befragten verschiedener Familien. Nach unserem Wis-
sen handelt es sich um die erste Studie, welche neben dem gesund-
heitlichen Ist-Zustand, die Gesundheitsziele identifiziert und die
Schnittmenge zwischen den Familienmitgliedern untersucht.

Dain dieser Studie nur Versicherte einer deutschen Krankenkas-
se einbezogen wurden, war eine zufallsorientierte Stichprobenzie-
hung limitiert. Antwortverzerrungen durch den Einfluss sozialer
Erwiinschtheit sind in dieser Studie nicht auszuschlieRen. Zudem
wird durch die Freiwilligkeit an der Befragung ein Selektionsbias
nicht ausgeschlossen. Soziodemographische Merkmale, wie z. B.
der Bildungsstand fanden in der Untersuchung keine Berticksichti-
gung. Weiter erfolgte kein Riickschluss auf familidre Strukturen in
Deutschland. Da die Bearbeitung des Fragebogens durch eine Per-
son der Familie erfolgte, ist davon auszugehen, dass Einschatzun-
gen des Gesundheitszustandes und der Ziele der Familienmitglie-
der durch die subjektive Wahrnehmung der ausfiillenden Person
beeinflusst wurde. Ferner ist es moglich, dass es zu Mehrfachnen-
nungen in der Altersgruppe der Kinder kam, die aus dem Vorhan-
densein mehrerer Kinder in der Familie resultiert und somit kein
direkter Bezug hergestellt werden konnte. Die Ausfiillquote ist auf
die Instruktionen zu Beginn der Befragung zuriickzufiihren. 349
Personen unterbrachen an dieser Stelle die Studie.

Eine weitere Limitation dieser Arbeit ist der fehlende Diskurs zur
altersgerechten Nutzung von digitalen Medien. So sollten auch be-
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stehende Empfehlungen zum Umgang mit Medien in einer famili-
enbasierten Gesundheits-App Beriicksichtigung finden.

Schlussfolgerung

Die durch diese Studie gewonnenen Erkenntnisse verdeutlichen
die Potenziale fiir digitale MaBnahmen der Prévention und Gesund-
heitsforderung in Familien und decken inhaltliche Schnittpunkte
der Familienmitglieder auf. Es ist davon auszugehen, dass sich di-
gitale Angebote fiir Familien insbesondere mit Kindern unter 13
Jahren eignen. Es empfiehlt sich die Altersgruppen der Kinder zu
berlicksichtigen. Weitere Forschung sollte Nutzungspraferenzen
in einer familidren Gesundheits-App sowie die Nutzung in verschie-
denen Familienkonstellationen sowie eine familiengerechte An-
sprache identifizieren.

Interessenkonflikt

Die Autorinnen/Autoren geben an, dass kein Interessenkonflikt
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ZUSAMMENFASSUNG

Das aus der SARS-CoV-2-Pandemie resultierende Homeschooling bedarf der Entwick-
lung neuer digitaler Lehr-Lernkonzepte bei gleichzeitig mangelnder digitaler Infra-
struktur und fehlenden digitalen Kompetenzen der Lehrenden und Lernenden. Auch
fiir den Sportunterricht stellte die Umsetzung digitaler Innovationen und Methodik
eine Herausforderung dar. Neben der Entwicklung von motorischen Kompetenzen,
kommt dem Sportunterrichtim Zuge des Setting-Ansatzes auch eine Bedeutungin der
Gesundheitsforderung zu. Die Pandemiesituation offenbarte somit z.B. auch Defizite
in den digitalen Gesundheitskompetenzen von Lehrkraften und Schiiler:innen. Sport-
lehrkrdfte, deren Unterricht primar auf eine face-to-face Kommunikation ausgerichtet
ist, stehen somit vor der Aufgabe sowohl inhaltlich als auch medial Umstellungen in
ihren Lehr-Lern-Konzepten vorzunehmen.

Um geeignete Lehr-Lern-Konzepte zur Férderung digitaler Gesundheitskompetenzen
(zundchst bei Lehrenden und erst im Folgeschritt bei Lernenden) zu entwickeln,
werden in diesem Beitrag Konsequenzen aus dem Distanzunterricht bei Lehrenden
sowie Lernenden untersucht. Zudem erfasst die Studie Unterschiede der digitalen
Gesundheitskompetenz bei den Lehrenden in Abhdngigkeit des Unterrichtsfaches.
Der explorativ sequenzielle Mixed-Methods-Ansatz integrierte einen Onlinesurvey
mit n=118 Lehrenden der Facher Gesundheit, Biologie und Sport sowie sechs Fokus-
gruppeninterviews tiber die Plattform Zoom mit Lehrenden und Lernenden (n=34). Die
Befragung umfasste Fragen zur Ausstattung und Nutzung digitaler Medien, zur digita-
len Gesundheitskompetenz und zu Hiirden bei der Vermittlung digitaler Gesundheits-
kompetenzen. Die Auswertung beinhaltet Haufigkeits- und Unterschiedsanalysen. Die
qualitative Analyse erfolgte durch Inhaltsanalyse nach Mayring mit MAXQDA 2020.
Beide Befragungen ermittelten sowohl fehlende digitale Kenntnisse als auch eine
fehlende mediale Infrastruktur. Die Zielgruppen zeigten hohes Interesse und Bedarf
fiir den Ausbau digitaler Gesundheitskompetenz. Sportlehrkréfte wiesen im Vergleich
zu Lehrenden der Unterrichtsfacher Biologie und Gesundheit eine geringere digita-
le Gesundheitskompetenz und ein geringeres Interesse daran auf (F[2,99]=4,07;
p=,020; n?partiell=,107). Die Ergebnisse weisen die Erfordernis einer verbesserten
Infrastruktur (z.B. Zugang zu WLAN) nach und ermitteln einen hohen Bedarf zur For-
derung der digitalen Gesundheitskompetenzim Setting Schule. Aus der Analyse beider
Untersuchungen lassen sich fiir eine erfolgreiche Umsetzung der Vermittlung digitaler
Gesundheitskompetenzen vier Felder iibergeordneter Handlungsempfehlungen ablei-
ten: (1) Zur bendtigten infrastrukturellen Grundvoraussetzungen, (2) zu Inhalten zur
Vermittlung digitaler Gesundheitskompetenzen im Sportunterricht, (3) zur methodi-
schen Umsetzung und (4) zur Weiterbildung von Sportlehrenden.
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Abstract: The homeschooling resulting from the SARS-CoV-2-pandemic requires the
development of new digital teaching-learning concepts in the face of a simultaneous
lack of digital infrastructure and digital skills among teachers and students. The im-
plementation of digital innovations also became a particular challenge for physical
education. In addition to the development of motor skills, physical education also
plays an important role in health promotion as part of the setting approach. The pan-
demic situation thus also requires, for example, the developments of digital health
competencies in physical education. Physical education teachers, whose lessons are
primarily oriented towards face-to-face communication, are confronted with both
content-related and media-related changes in their teaching-learning concepts.

In order to develop suitable teaching-learning concepts for the promotion of digital
health competencies (first for teachers and only in a subsequent step for students),
this article examines the consequences of distance learning for teachers and students.
In addition, the study captures differences in digital health literacy among teachers
depending on the subject taught. The exploratory sequential mixed-methods ap-
proach integrated an online survey with n=118 teachers of health, biology, and physi-
cal education, and six focus group interviews via the Zoom platform including teachers
and students (n=34). The surveyincluded questions about digital media infrastructure
in schools, digital health literacy and potential barriers of health literacy promotion
in schools. The analysis included frequency analysis and ANOVA. Qualitative analysis
was conducted through Mayring content analysis using MAXQDA 2020.

Both studies identified a lack of digital literacy as well as a lack of media infrastruc-
ture. The target groups showed high interest for digital health literacy development.
Physical education teachers demonstrated lower digital health literacy compared to
biology and health teachers (F[2,99]=4.07; p=.020; n? partial=.107). The results de-
monstrate the need for improved infrastructure (e.g., access to WLAN) and identify a
high need to promote digital health literacy in the school setting. From the analysis of
both studies, four fields of overarching recommendations for action can be derived for
a successful implementation of the teaching of digital health literacy: (1) On the basic
infrastructural requirements needed, (2) on content for teaching digital health liter-
acy in physical education, (3) on methodological implementation and (4) on further
training of physical education teachers.

1 EINLEITUNG

Thematische Hinfiihrung

Im lebensweltbezogenen Settingansatz (vgl. Rosenbrock, 2015), der sich auch
auf das Setting Schule iibertragen lasst, werden Kinder und Jugendliche alters-
gerecht an MaRnahmen der Gesundheits- und Bewegungsforderung beteiligt.
Hierbei steht die Forderung der sportlichen Aktivitdt im Vordergrund (Hanssen-
Doose et al., 2018). Zudem ist die Vermittlung von Gesundheitskompetenzen (von
Segrensen et al. (2012) definiert als die Fahigkeiten, Gesundheitsinformationen zu
finden, zu verstehen, zu bewerten und fiir gesundheitshezogene Entscheidungen
anzuwenden) in den Bildungspldnen einzelner Bundeslander verortet (primar in
den Unterrichtsfachern Sport, Biologie und Gesundheit) (Topfer & Sygusch, 2014).
Die Pandemiebedingungen resultierten in Herausforderungen der Gesundheitsfor-
derung (z.B. fehlende Sport- und Beratungsangebote), die mit digitalen Gesund-
heitskompetenzen (z.B. zielgerichtete Beschaffung evidenzbasierter Gesundheits-
informationen, digitale Bewegungsférderung, Nutzung digitaler Anwendungen zur
Infektionsnachverfolgung) gezielter bewaltigt werden konn(t)en (Dadaczynski et al.,
2021). Bisher fehlt jedoch in den meisten Bundeslandern die curriculare Anbindung
digitaler Gesundheitskompetenzen, welche seit Beginn der SARS-CoV-2-Pandemie
bedingten bundesweiten Lockdowns rapide an Bedeutung gewannen (Crawford &
Serhal, 2020). Weiterhin fiihrten Kontaktbeschrankungen zur Reduktion sozialer
Interaktionen. Fiir die Vermittlungsprozesse im Schulalltag erforderte dies u.a. kurz-
fristig digitale Losungen. Der bisher auf Prasenz ausgerichtete Unterricht wurde in
ein Homeschooling tberfiihrt - eine Situation, die viele Lehrer:innen, Eltern und die
Schiiler:innen iiberforderte (OECD, 2020). Daraus resultierende sozio-affektive Kom-
plikationen und unzureichende korperliche Aktivitdt wurden inshesondere bei sozio-
okonomisch benachteiligten Kindern beobachtet (L6pez-Bueno et al., 2021).
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Zentrale Veranderungen fiir Lehrende umfassten
den bedarfsgerechten FEinsatz digitaler Lehr-
Lern-Plattformen (z.B. Iserv und Commsy), di-
gitaler Konferenztools (z.B. Zoom) oder anderen
Interaktionsformen mit kurzer Vorbereitungszeit,
um das Unterrichtsmaterial an digitale Formate
anzupassen.

Die Schiiler:innen erleben z.B. das Fehlen bekann-
ter Tagesstrukturen des Schulalltags als Uberfor-
derung (Magson et al., 2021). Homeschooling
erfordert mehr Selbstmanagementkompetenzen
(u.a. Fahigkeit zur Eigenmotivation, Festlegen
von Arbeitsstrukturen, Erstellung von Tagespla-
nen) oder Unterstiitzungsbedarf durch die Erzie-
hungsberechtigten. Dariiber hinaus mangelt es
an Zugéangen zu digitalen Endgerdten und dem
Internet. Erziehungsberechtigte, Lehrer:innen so-
wie Schiiler:innen sind somit mit der Situationen
konfrontiert, Lehr-Lern-Prozesse gemeinsam neu
zu gestalten.

Gleichzeitig wirken sich die eingeschrankten
Bewegungs- und Interaktionsmdglichkeiten auf
das physische und psychische Wohlbefinden aus,
weswegen digitaler Gesundheitsforderung in
Zeiten der Isolation mehr Bedeutung zukommt.
Unklar ist, wie vor allem im Sportunterricht eine
Forderung digitaler Gesundheitskompetenzen in
Distanzunterrichtssituationen mdglich ist. Das
Fach Sport kann dabei als Bezugspunkt fiir primar-
préventive Inhalte dienen und hat im Vergleich zu
anderen Fachern den Vorteil, dass die Wirksamkeit
zahlreicher digitaler Gesundheitsangebote in
den Bereichen Bewegung und Erndhrung bereits
belegt ist (Anshari et al. 2017). So zeigt sich bei-
spielsweise in einer Metaanalyse von Baumann et
al. (2022), dass mHealth bei der Verringerung von
Inaktivitdtszeiten von Kindern und Jugendlichen
erste positive Effekte aufweist, sofern entspre-
chende Verhaltensanderungsmechanismen in
der App enthalten sind. Daher widmet sich dieser
Beitrag der Fragestellung, mit welchen Vorausset-
zungen Lehrende fiir das Fach Sport in der Praxis
konfrontiert sind und wie die Vermittlung von
Unterrichtsinhalten zur Férderung von digitaler
Gesundheitskompetenz gelingen kann.

Theoretischer Rahmen

Digitale Gesundheitskompetenz umfasst eine
Verkniipfung von Gesundheits- und Medienkompe-
tenzen und integriert Aspekte aus e- und mhealth
Konzepten (Bittlingmeyer, et al., 2020). Grund-
lage dafiir bildet die individuelle Medienkompe-
tenz nach Blomeke (2001), welche definiert ist
als die Fahigkeit und Fertigkeit einer Person, ein
mediales Verhalten kompetent, funktional und
selbstbestimmt auszufiihren (Six und Gimmler,
2018). Lehrer:innen sollten féhig sein, digitale
Medien und deren Inhalte selbst angemessen zu
nutzen und zu gestalten. Fiir das universitdre Set-
ting zeigten Dadaczynski et al. (2021) eine enge
Verbindung von Medien- und Gesundheitskompe-
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Abb.1 Framework fiir digitale Gesundheitskompetenz (eHLF) adaptiert nach Norgaard et al (2015)

tenzen. Fiir die Autoren ist digitale Gesundheits-
kompetenz demnach die gesundheitsbezogene
Selbstfiirsorge, die im digitalen Raum durch gute
Medienkompetenz wirksam wird. Digitale Gesund-
heitskompetenz umfasst somit das Zusammenspiel
personaler und sozialer Faktoren bei der Nutzung
digitaler Technologien im Suchen, Aneignen,
Erfassen, Verstehen, Bewerten, Kommunizieren
und Anwenden von Gesundheitsinformationen in
allen Kontexten der Gesundheitsversorgung mit
dem Ziel, die Lebensqualitat iiber die gesamte Le-
bensdauer hinweg zu erhalten oder zu verbessern
(Bautista, 2015).

Auch bei Schiiler:innen besteht Handlungsbedarf
zum Aufbau digitaler Kompetenzen. Ein Drittel der
7.-8. Kléssler:innen zeigt z.B. Schwierigkeiten im
Suchen und Bewerten digitaler Gesundheitsinfor-
mationen (jeweils 42%; Endberg & Lorenz 2017).
Auch Jugendliche duRern Probleme digitale Ge-
sundheitsinformationen zu finden und deren Be-
wertung in Bezug auf Zuverldssigkeit und Relevanz
vorzunehmen (Dadaczynski et al., 2021).

Zum grundlegenden Verstandnis des Konstruktes
Gesundheitskompetenz und dessen Determinan-
ten iiber die Lebensspanne kdnnen etablierte Mo-
delle wie das integrativ konzeptionelle Modell von

DOI: 10.25847/zsl5.2021.051

Segrensen und Kollegen herangezogen werden (2012). Es beinhaltet vier erforderliche
Kompetenzdimensionen: Gesundheitsinformationen finden, verstehen, beurteilen
und anwenden. Fiir den speziellen Fall digitaler Gesundheitskompetenz, reicht die-
ses Modell jedoch nicht aus. Norgaard und Kollegen (2015) entwickelten deshalb das
konzeptionelle eHealth Literacy Framework (eHLF), welches den Fokus auf digitale Ge-
sundheitsanwendungen richtet. Es beinhaltet sieben Dimensionen (siehe Abbildung
1), verteilt auf drei Ebenen in Verbindung mit internalen und externalen Faktoren.
Das eHLF grenzt sich in der Interaktion zwischen der Ebene des Individuums und des
Systems von anderen Modellen ab: Wie eine Person mit Informationen im Kontext
eines Systems umgeht (Dimension 3) ist nicht nur durch technische Fahigkeiten deter-
miniert. Das Erleben von Sicherheit und Kontrolle (Dimension 4), Nutzen und Komfort
und die richtige Einstellung im Umgang mit der Technologie (Dimension 5) sind eben-
so relevant wie Wissen um das Innenleben der Systeme und die Fahigkeiten, sie zu
navigieren (Norgaard et al., 2015; Kayser et al., 2018). Lorenz et al. (2017) konnten
zeigen, dass Sportlehrkrifte einen sicheren Zugang zur Informationsbeschaffung mit-
tels digitaler Medien (siehe Dimension 4) als relevant ansehen und hier gesteigertes
Lerninteresse der Schiiler:innen vermuten (Lorenz et al., 2017).

Das zentrale Hindernis bei der Gestaltung digitaler Unterrichtssequenzen stellt je-
doch die technische Ausstattung an Schulen dar. Im europdischen Vergleich ist die
IT-Ausstattung in Deutschland unterdurchschnittlich (Bitcom, 2015). Auch, wenn die
grundsatzlichen Voraussetzungen fiir digitalen Unterricht technisch und organisa-
torisch erfiillt wéren, ergében sich Probleme in der direkten Umsetzung. Dies fiihren
Schulze et al. (2018) und Petko et al. (2018) auf die kritische Einstellung einiger Lehr-
krafte gegeniiber Mediennutzung und fehlende Kompetenzen im Umgang mit Medien
zuriick. Eine Mehrheit der Lehrenden spricht sich z.B. gegen die Nutzung des eigenen
Smartphones der Schiiler:innen im Unterricht, u.a. fiir Recherchetétigkeiten, aus
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(WoRBmann et al., 2017). Gleichzeitig beurteilen Lehrer:innen den Nutzen und Einsatz

digitaler Medien positiver, wenn ihre eigenen Kompetenzen hher ausgeprégt sind

(Bos et al., 2015; Kreijns 2013, Sadaf et al., 2016, Scherer et al., 2015). Als Vorteile

digitaler Methoden nennen Lehrer:innen:

»  erhdhte Kommunikationsméglichkeiten (WoRmann et al., 2017)

»  flexiblere Arbeitszeitgestaltung (W6Rmann et al., 2017)

»  verbesserter Zugang zu Materialien (Schuhknecht, 2020)

»  webbasierte Trainings- und Lernsysteme, die den Lernerfolg dokumentieren und
die Methode an den Lernstil der Adressat:innen anpassen ( Schuhknecht, 2020)

»  Open Online Kurse (Taraghi, 2013; Anhalt, 2020)

Ableitung von Forschungsfragen

Unklarist, welches Fachwissen und welche Kompetenzen Lehrkréfte im Einsatz digita-

ler Medien besitzen und ob sich fehlende Kompetenzen auf die Qualitdt des digitalen

Unterrichts auswirken. Zudem fiihren Situationen wie der Lockdown zu fehlendem Aus-

gleich zwischen Anforderungen des Lehrens und Lernens und notwendiger Erholung

z.B. durch Bewegungim Freien oderim Sportverein. RegelmaRige Bewegungistjedoch

eine wichtige Grundvoraussetzung fiir die korperliche und psychische Entwicklung von

Kindern und Jugendlichen (RKI, 2018). Die Nutzung digitaler Medien im Sportunter-

richt, um Bewegungsaktivitat in die Freizeit zu transferieren, kdnnte ein Ansatzpunkt

fiir die Ausbildung digitaler Gesundheitskompetenzen sein. Im Sinne der Definitionen
von Gesundheitskompetenz als Fahigkeit die Gesundheit aufrecht zu erhalten, zu
fordern und zu gestalten (Bittlingmeyer, et al., 2020), konnten digitale Methoden

im Sport dazu beitragen, geeignete Informationen und Angebote zu finden (z.B.

YouTube Videos mit Bewegungsanleitungen), Kriterien zur Qualitatsbeurteilung ent-

sprechender Angebote zu lernen und Angebote zu nutzen, wenn eine andere Art von

Bewegungsaktivitdt pandemiebedingt nicht mdglich ist. Derartige Ansdtze miissten

in der Aus- und Weiterbildung von Sportlehrkraften adressiert werden. Die Relevanz

digitaler Gesundheitskompetenzen von Lehrenden und Lernenden riickte die Pande-
mie besondersin den Fokus, jedoch wird dieser Aspekt iiber die Pandemiebedingungen
hinaus fiir die adoleszente Lebenswelt im Zeitalter der Digitalisierung vermutlich
zunehmend an Bedeutung gewinnen. Zusammenfassend verdeutlicht die Analyse
der aktuellen Situation, dass nicht nur digitale Kompetenzen der Lehrenden und

Lernenden bedeutsam sind, sondern dass auch eine Uberfiihrung dieser Kompetenzen

in digitale Lehr-Lern-Prozesse zur Erhhung von digitalen Gesundheitskompetenzen

von zentralem Interesse ist. Die folgende explorative Studie widmet sich daher
folgenden Fragestellungen:

»  Welche erforderlichen infrastrukturellen Grundvoraussetzungen fiir digitalen
Unterricht sind an den Schulen vorhanden und wie werden diese genutzt?
(quantitativ)

»  Unterscheidet sich die digitale Gesundheitskompetenz der Lehrenden (Fach-
kompetenz) in Abhangigkeit der Unterrichtsfacher Sport, Biologie und Gesund-
heit? (quantitativ)

»  Welche Vermittlungsmethoden und potentiellen Hiirden zur Umsetzung digitaler
Gesundheitskompetenz im Sportunterricht lassen sich ermitteln? (quantitativ)

»  Welche Verdnderungen der Lehr-Lern-Prozesse nahmen Lernende und Lehrende
wéhrend des SARS-CoV-2-Pandemie bedingten Digitalunterrichts wahr? (quali-
tativ)

»  Welche fachlichen Kompetenzen und Grundvoraussetzungen fiir die Durchfiih-
rung digitalen Unterrichts ergeben sich aus den SARS-CoV-2-Pandemie beding-
ten Verdnderungen der Lehr-Lern-Prozesse? (qualitativ)

Ein besonderer Fokus liegt bei der Beantwortung der Forschungsfragen auf der Be-

trachtung der Sportlehrenden. Ziel ist es, aus den Ergebnissen Losungen und Hand-

lungsempfehlungen zur praktischen Umsetzung geeigneter Lehr-Lern-Konzepte zur

Erhdhung digitaler Gesundheitskompetenzim Fach Sport, auch unter Pandemiebedin-

gungen, zu entwickeln.

Resultierendes Forschungsdesign

Um Handlungsempfehlungen fiir die Sportlehrkrafteausbildung abzuleiten, adressiert
das Studiendesign alle Phasen des Lehrberufs (universitare Ausbildung, Vorberei-
tungsdienst, Schuldienst). Zur Beantwortung der Fragestellungen integriert diese
Querschnittsstudie ein explorativ-sequenzielles Mixed-Methods-Forschungsdesign
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(Ethikantragnummer der lokalen Ethikkommis-
sion der Fakultdt PB der Universitdt Hamburg:
2020_296). Dies kombinierte ein quantitatives
Onlinesurvey mit einer darauf aufbauenden Fo-
kusgruppenbefragung.

2 QUANTITATIVE
TEILERHEBUNG

Methodik

Die Rekrutierung Lehrender fiir die quantitative

Teilbefragung (Onlinesurvey, April bis Juni

2020, Software Limesurvey) erfolgte nach dem

Schneeballverfahren (Hdder, 2019) im Raum

Hamburg. Als Multiplikatoren dienten bekannte

(angehende) Lehrpersonen (Studierende sowie

Freunde und Familie), welche den Surveylink

an weitere Personen der Zielgruppe leiteten.

Die Einschlusskriterien umfassten: (1) >1 Jahr

Berufserfahrung (bei Studierenden sollte das

einjdhrige Schulpraktikum absolviert worden

sein) und (2) Unterrichtserfahrung in mindestens
einem der Facher Sport, Biologie oder Gesundheit.

Insgesamt nahmen n=118 Personen (w=74, m=42,

d=2) vollstandig an der Umfrage teil (31+10

Jahre alt; 4,8+7,2 Jahre Berufserfahrung). 45%

der Proband:innen befanden sich zum Zeitpunkt

der Befragung im Studium, 11% im Vorberei-

tungsdienst, 23% in Verbeamtung und 21% im

Angestelltenverhaltnis. Insgesamt unterrichteten

n=52 befragte Personen primdr das Fach Sport

(31,4+10,5 Jahre alt; m=24 w=27 d=1), n=25 das

Fach Biologie (29,6+9,1 Jahre alt; m=20 w=5 d=0)

und n=25 das Fach Gesundheit (31,749,7 Jahre

alt; m=20 w=4 d=1); n=16 befragte Personen ga-
ben keine Fachzugehdrigkeit an. n=28 Personen
unterrichteten an einer Berufsschule, n=28 an
einem Gymnasium, n=25 Personen unterrichteten
derzeit an keiner Schule, n=11 an einer Gesamt-
schule, n=9 an einer Realschule, n=8 an einer

Hauptschule, und n=6 an einer Stadtteilschule.

Inhalte des Onlinesurveys:

»  Infrastrukturelle Grundvoraussetzungen
fiir digitalen Unterricht an den Schulen: Die
Antwortmdglichkeit integrierte Ankreuzopti-
onen (Mehrfachnennung mdglich): Laptops,
Tablets, Smartphone-Apps, Smartboards,
e-Learning, Beamer, Dokumentenkameras,
Wearables, Podcasts und Horspiele, Lehrvi-
deos, eBooks & digitale Literatur, Computer-
rdume, WLAN.

»  Digitale Gesundheitsforderung: Operatio-
nalisiert wurde dies durch eine selbstkons-
truierte fiinfstufige Likertskala von 1=sehr
niedrig bis 5=sehr hoch in den Bereichen
~Personliches Interesse an Umsetzung von
Inhalten zu digitaler Gesundheitskompe-
tenz”, ,Interesse von Lernenden an der
Umsetzung von Inhalten zu digitaler Gesund-
heitskompetenz”, ,Auspragung digitaler
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Gesundheitskompetenzen bei Lernenden”,
»Bedarf an Forderung von digitaler Gesund-
heitskompetenzen bei Lernenden” und ,Um-
setzbarkeit von MaRnahmen zur Forderung
digitaler Gesundheitskompetenz in Schulen”.

»  Digitale Gesundheitskompetenz: Die deut-
sche Ubersetzung eHLQ-G umfasst 35 fiinf-
stufige Likert Skalen von ,trifft vollig zu”
bis ,trifft liberhaupt nicht zu”. Diese Skalen
werden einerseits zu einem Gesamtscore
und andererseits zu den sieben Dimension
des eHLF zusammengefasst (Details zum
methodischen Vorgehen siehe Kayser et al.,
2018). Die oben genutzte Definition digitaler
Gesundheitskompetenz wurde als zusdtzliche
Erlduterung bereitgestellt.

»  Methoden und Hiirden bei der Vermitt-
lung digitaler Gesundheitskompetenz: Die
Antwortmdglichkeit integrierte folgende
Ankreuzoptionen (Mehrfachnennung mog-
lich): (1) Methoden: Projektorientiertes
Lernen, kooperatives Lernen, forschendes
Lernen, dialogisches Lernen, Referate und
Schiiler:innenbeitrage, spielerisches Lernen,
mehrdimensionales Lernen; (2) Hirden:
Eigene Kenntnisse, Handyverbot, Exklusion,
Schulbehérde.

Die Ausfiillzeit des Fragebogens betrug 25+10

Minuten. Die Datenaufbereitung erfolgte in SPSS

Statistics (IBM, 2020). Zuerst erfolgte die Kalku-

lation von multivariat konstruierten Variablen

wie dem eHLQ Score. Dem folgten deskriptiver

Statistiken zur Aufbereitung genannter Vermitt-

lungsmethoden und potentiellen Hiirden zur

Umsetzung digitaler Gesundheitskompetenz im

Sportunterricht. Einfaktorielle Varianzanalysen

(ANOVAs) ermittelten Unterschiede in der digi-

talen Gesundheitskompetenz der Lehrenden in

Abhdngigkeit der Unterrichtsfacher.

Ergebnisse

Infrastrukturelle Grundvoraussetzungen fiir
digitalen Unterricht an den Schulen

Die Haufigkeitsanalyse zur vorhandenen Infra-
struktur digitaler Medien und deren Nutzung
durch die Lehrkréfte zeigte, dass das Nutzungsver-
halten der Lehrpersonen von der Verfiigbarkeit der
Medien abwich. Dies manifestierte sich besonders
bei den Strukturen Computerrdaumen und Smart-
boards. So gaben von den 118 befragten Lehrkraf-
ten 101 (94%) an, einen Computerraum an der
Schule zur Verfiigung zu haben, wobei nur 59 von
101 (58%) Lehrkréften diesen auch aktiv nutzten.
Verfiligbarkeit von Smartboards gaben 71 (60%)
der Lehrkréfte an, wobei hier nur 49 von 71 (69%)
diese auch nutzten (Zusatzmaterial 2).

Ausprdgung und Interesse an digitaler Gesund-
heitskompetenz bei Lehrenden

Die Auswertung ergab ein ausgepragtes Interesse
an der Vermittlung digitaler Gesundheitskompe-
tenzen bei Lehrenden und einen hohen Bedarf fiir
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digitale Gesundheitskompetenz bei Lernenden. Sportlehrende zeigten zudem im Ver-
gleich zu Lehrkraften der anderen Facher ein geringeres Interesse an einer Forderung
digitaler Gesundheitskompetenzen und schdtzten das Interesse und die Auspragung
digitaler Gesundheitskompetenzen bei den Lernenden niedriger ein (siehe Tabelle 2).
Sportlehrkrdfte wiesen im Gesamtscore (2,85+0,25) eine geringere digitale Ge-
sundheitskompetenz als ihre Kolleg:innen in den Fachern Biologie (2,61+0,29) und
Gesundheit (2,71+0,32) auf (F[2,99]=5,48; p=,006; n’partiell=,101). Im Bereich der
eigenen digitalen Gesundheitskompetenz erzielten die Befragten den hochsten Score
in der Dimension ,Kenntnis der grundlegenden physiologischen Funktionen, des
eigenen Gesundheitszustands und der Risikofaktoren und der Mdglichkeiten, sie zu
vermeiden”. Ebenfalls unterschieden sich Sportlehrende vonihren Kolleg:innen in der
zweiten Dimension des eHLQ-Fragebogens (,,Kenntnis der grundlegenden physiologi-
schen Funktionen, des eigenen Gesundheitszustands und der Risikofaktoren und der
Mdglichkeiten, sie zu vermeiden”) (F[2,99]=7,30; p=,001; n?partiell=,177).

Methoden und Hiirden zur Vermittlung digitaler Gesundheitskompetenz

Die Lehrkrdfte gaben in absteigender Reihenfolge an, projektorientiertes Lernen
(88%), kooperatives Lernen (85%), forschendes Lernen (80%), dialogisches Ler-
nen (84%), Referate (74%), spielerisches Lernen (75%) und mehrdimensionales
Lernen (52%) als gewinnbringende Methoden zur schulischen Vermittlung digitaler
Gesundheitskompetenzen zu erachten (siehe Zusatzmaterial 3). Als groRte Hiirden
bei der schulischen Vermittlung digitaler Gesundheitskompetenzen bewerteten die
Lehrenden in absteigender Reihenfolge die fehlenden eigene Kenntnisse (71%), das
Smartphoneverbot an Schulen (65%), Exklusion durch ungleiche digitale Ausstattung
(47%) und datenschutzrechtliche Bedenken der Schulbehdrde (25%).

»  Dimension 7 eHLQ: Zugang zu digitalen Diensten haben, dieden 2,33 0,50
spezifischen Bediirfnissen und Praferenzen der Nutzer entspre-

chen.

3 QUALITATIVE TEILERHEBUNG
Methodik

Sowohl Lernende als auch Lehrende nahmen nach dem ersten SARS-CoV-2-Pandemie
Lockdown (22.03.2020 - 04.05.2020) via Zoom an sechs Fokusgruppeninterviews
(Erhebungszeitraum 01.09.2020 bis 13.09.2020) teil (n=36 Teilnehmende, n=18
Lernende und n=18 Lehrende). Die Akquise erfolgte iiber personliche Kontakte
(bekannte Lehrkrdfte und ehemalige Studierende) aus dem Raum Hamburg. Die
Lernenden unterteilten sich in drei Fokusgruppen a 6 Personen (7-8. Klasse (m=3,
w=3, Alter=13,5+0,5 Jahre), 9-10. Klasse (m=2, w=4, Alter=15,4+0,48 Jahre) und
11-12. Klasse (m=4, w=2, Alter=17,5+,5 Jahre), welche auf Gruppenebene jeweils
zu gleichen Teilen Landschulen, Stadtschulen und Schulen in sozial benachteiligten
Stadtteilen abbildeten. Analog dazu unterteilten sich die Lehrenden ebenfalls in
drei Fokusgruppen a 6 Personen. Diese wurden zwischen den Gruppen nach Erfah-
rung unterteilt (Lehrer:innen (m=2, w=4, Alter=30,6+2,28 Jahre), Lehrkrdfte im
Vorbereitungsdienst (m=3, w=3, Alter=27,8+1,34 Jahre) und Lehramtsstudieren-
de mit mindestens einjahriger Praktikumserfahrung (m=1, w=5, Alter=26,7+2,21
Jahre) und innerhalb der Gruppen zusdtzlich nach Hauptfachrichtung (Gesundheit,
Sport oder Biologie) in homogene Gruppen differenziert. Aufgrund von technischen
Problemen kam es zu zwei Dropouts bei den 7.-8. Kldssler:innen, einem Dropout bei
den 9.-10.-Kldssler:innen und einem Dropout bei den Lehrkraften im Vorbereitungs-
dienst. Final nahmen somit n=32 Personen teil. Bei den teilnehmenden Schiiler:innen
hielten sich in drei Féllen die Eltern mit im Raum auf. Der Interviewleitfaden sollte
die Vergleichbarkeit der verschiedenen Gruppen sicherstellen und wurde daher zur
Qualitdtssicherung mehrfach innerhalb des Forschungsteams und mit bekannten
Lehrpersonen und deren schulpflichtigen Kindern aus dem privaten Umfeld pilotiert.
Die finalen Fragen des Interviewleitfadens sind dem Zusatzmaterial 1 zu entnehmen.
Die Fokusgruppeninterviews moderierten jeweils ein in qualitativer Forschung er-
fahrener und in der Sportwissenschaft promovierender Mitarbeiter (29, mannlich)
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Tab. 1: Vergleich der Auspragung und der Interessen an digitaler Gesundheitskompetenz bei Lehrenden der Facher Sport, Biologie und

Gesundheit (n=118)

Sport Biologie Gesundheit F p  parti-
[n=52] [n=25] [n=25] [2,99] elles
Eta-
Qua-
drat
M SD M SD M SD
Digitale Gesundheitsforderung
»  Personliches Interesse an Umsetzung von Inhalten zu digitaler 4,21 0,96 4,36 0,81 4,84 0,89 4,07 ,020 ,107
Gesundheitskompetenz
»  Interessevon Lernenden an Umsetzung von Inhalten zu digitaler 3,27 1,04 3,79 1,14 3,96 1,17 3,91 ,023 ,094
Gesundheitskompetenz
»  Ausprdgung digitaler Gesundheitskompetenzen 292 092 296 0,89 3,57 1,04 3,96 ,022 ,084
bei Lernenden
»  Bedarfan Férderung von digitaler Gesundheitskompetenzen bei 4,40 0,91 4,04 1,17 4,74 1,03 2,86 ,062 ,067
Lernenden
»  Umsetzbarkeit von MaRnahmen zur Forderung digitaler Gesund- 3,67 1,13 3,41 1,01 4,05 0,99 2,15 ,b122 ,068
heitskompetenzin Schulen
Digitale Gesundheitskompetenz
»  eHLQ-Gesamtscore 2,48 0,25 2,61 0,29 271 0,32 5,48 ,006 ,101
»  Dimension 1 eHLQ: In der Lage sein, zu lesen, zu schreibenund 2,49 0,44 2,54 0,42 2,67 051 1,09 ,399 ,093
sich zu erinnern, grundlegende numerische Konzepte anzuwen-
den und kontextspezifische Sprache zu verstehen.
»  Dimension 2 eHLQ: Kenntnis der grundlegenden physiologischen 2,94 0,47 3,20 0,40 3,32 0,40 7,30 ,001 ,177
Funktionen, des eigenen Gesundheitszustands und der Risikofak-
toren und der Maglichkeiten, sie zu vermeiden.
»  Dimension 3 eHLQ: Vertrautheit mit digitalen Diensten zur Hand- 2,87 0,61 2,97 059 3,09 052 1,26 ,287 ,153
habung von Informationen.
»  Dimension 4 eHLQ: Das Gefiihl haben, dass Sie der Eigentiimerder 2,31 0,52 2,38 0,61 2,52 2,31 1,29 ,278 ,(124
in den Systemen gespeicherten personlichen Daten sind und dass
die Daten sicher sind.
»  Dimension 5 eHLQ: Das Bewusstsein, dass die Nutzung digitaler 2,45 0,54 2,34 0,62 2,57 2,45 1,02 ,364 (144
Dienste fiir sie beim Umgang mit ihrer Gesundheit von Nutzen
sein wird.
»  Dimension 6 eHLQ: Zugang zu digitalen Diensten haben, beide- 2,20 0,46 2,27 0,39 2,39 2,20 1,66 ,195 ,206

nen die Nutzer darauf vertrauen, dass sie funktionieren, wenn sie
sie brauchen und wie sie erwarten, dass sie funktionieren.

und eine wissenschaftliche Hilfskraft aus dem Studiengang Gesundheitswissenschaft
(23, weiblich), wobei keine der teilnehmenden Personen den Interviewenden
bekannt war. Die durchschnittliche Dauer der Interviews betrug 50+10,3 Minuten. Die
Teilnahme an der Studie erfolgte freiwillig. Es wurde von allen Proband:innen eine
Einverstdndniserkldarung eingeholt (Bei Schiiler:innen eine Einverstdndniserklarung
der Eltern). Die simultanen Bild- und Tonaufnahmen stellten die Basis fiir die
anschlieRende qualitative Inhaltsanalyse (Mayring & Fenzl 2019) mit MAXQDA 2020
(VERBI Software, 2019) dar. Nach dem Import in MAXQDA codierten eine Autorin
und ein Autor unabhdngig voneinander das transkribierte Interview-Material. Das
zugrundeliegende Codesystem umfasste die zundchst deduktiv gebildeten Subcodes:
Organisation, Technik, Kommunikation, Unterrichtsinhalt, Motivation und (digitale)
Kompetenzen. Diese wurden nach den Interviews induktiv erweitert.

Ergebnisse

Verdanderungen von Lehr-Lern-Prozesse wahrend des Digitalunterrichts

Durch den digitalen Unterricht erhdhte sich nach Angaben der Fokusgruppenteilneh-
menden die Bildschirmzeit sowohl bei den Schiiler:innen als auch bei den Lehrenden.
Zudem berichteten insbesondere jiingere Schiiler:innen sowie Berufseinsteigende zu
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Beginn des digitalen Unterrichts von einer situa-
tiven Uberforderungen und einer Notwendigkeit
von gesteigerten Selbstorganisationsfahigkeiten.
Die Analyse zeigte neben Herausforderungen (1)
auch mogliche Chancen (2) fiir neue Lehr-Lern-
Prozesse. Diese sind, unterteilt nach Organisati-
on, Technik, Kommunikation, Unterrichtsinhalt,
Motivation und (digitale) Kompetenzen, in Tabelle
2 gegeniibergestellt.

Kompetenzen und Grundvoraussetzungen zur
Durchfiihrung digitalen Unterrichts unter SARS-
CoV-2-Pandemie bedingt verdnderten Lehr-Lern-
Prozessen

Schiiler:innen kritisierten die fehlende Kommuni-
kation, sowie fehlende Absprache {iber Inhalte und
Dichte von Lernaufgaben mit den Lehrenden. Zudem
betonten Schiiler:innen die heterogene Motivation
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der Lehrkrafte und befiirworteten eine Forderung
der digitalen Kompetenzen von Lehrkréften.

Der Vergleich der Unterrichtsfacher ergab, dass
der Unterricht im Fach Sport héaufiger entfiel oder
sich nach drauRen verlagerte. Sportunterrichts-
spezifisch wurde hier die technische Ausstattung
bemangelt und auf fehlende digitale Ausstattung in
der Sporthalle, wie z.B. Smartwatches mit Accelero-
metrie-Funktionen, WLAN, etc. hingewiesen.
Sportlehrende préferierten eine Projektwoche mit
den Inhalten Entspannung und Bewegung, wohin-
gegen Lehrkrafte der Facher Biologie und Gesund-
heit Lehrinhalte zu Natur und Erndhrung bevorzug-
ten. Als geeignete Ortlichkeit fiir eine Projektwoche
nannten die Sportlehrkrafte Aula, Pausenhof und
Informatikraum. Die Lehrkrafte anderer Facher fiihr-
ten zudem auRerschulische Bereiche, Aktivitdten
im Freien, den Sportplatz und die Kiiche auf. Als
Maglichkeit, die eigenen Kompetenzen fiir den Be-
reich digitaler Gesundheitskompetenzen zu stdrken,
schlugen die Lehrkrdfte Schulentwicklungstage,
Fortbildungen oder Informationsveranstaltungen
vor. Erganzend nannten die Lehrer:innen zeitliche
und finanzielle Ressourcen, sowie eine verbesserte
Kommunikation im Kollegium und einheitliche
Strukturen genutzter digitaler Angebote. Zudem
fiihrten die Befragten die Erhohung der Motivation
fiir die Nutzung neuer Technologien insbhesonde-
re bei dlteren Lehrkrdften als bedeutsam an, um
eine Basis fiir die Vermittlung der Inhalte an die
Schiiler:innen zu schaffen.

4 DISKUSSION

Sowohl Lehrende als auch Lernende sehen sich seit
Pandemiebeginn vermehrt mit Veranderungen im
Lehr-Lern-Prozess konfrontiert, die digitale Kompe-
tenzen sowie digitale Gesundheitskompetenzen er-
fordern. Das iibergeordnete Ziel der Studie bestand
darin, Losungen und Handlungsempfehlungen zur
praktischen Umsetzung geeigneter Lehr-Lern- Kon-
zepte zu entwickeln. Der Hintergrund besteht darin,
dass Lehrende damit zundchst ihre eigene digitale
Gesundheitskompetenzen verbessern, um in der
Folge als Multiplikator:innen fiir digitale Gesund-
heitskompetenz von Lernenden zu agieren. Diese
Veranderung hatte sowohl positive Implikationen
fiir erneute Distanzunterrichtssituationen als
auch fiir iibergreifende methodisch didaktische
Herangehensweisen im Sportunterricht. Zudem
wurden infrastrukturelle Voraussetzungen und
erforderliche Kompetenzen fiir den digitalen
Unterricht in Abhdngigkeit der Unterrichtsfacher
(Sport, Biologie, Gesundheit) identifiziert, sowie
die Meinungen von Akteur:innen aus multiplen
Schulformen in den Fokusgruppen abgebildet.
Zudem erfasste die Studie die besondere Situation
der Sportlehrkréafte, um in der Folge Handlungs-
empfehlungen fiir die Umsetzung von digitalen
Lehr-Lernprojekten und die zukiinftige Ausbildung
von Sportlehrkraften zu geben.
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Infrastrukturelle Grundvoraussetzungen

Es fehlt an mobilen Endgeréten, mit denen innovative, digitale Lehr-Lernprojekte zur
Forderung digitaler Gesundheitskompetenzen umsetzbar wéren. Analog zu friiheren
Studienergebnissen, ergab sich eine Differenz zwischen der Existenz digitaler Medien
und deren aktiver Nutzung fiir die Unterrichtsgestaltung (Drossel et al., 2019). Dies
konnte an veralteter medialer Ausstattung oder den fehlenden digitalen Kompetenzen
seitens der Lehrenden liegen (Baumgartner et al., 2016). Ein Losungsansatz zur Be-
schaffung fehlender mobiler Endgerdte bestiinde darin, einen Férderantrag beim Digi-
talpakt Schule zu stellen (BMBF, 2019). Die Verwendung privater Endgerdte hingegen
konnte den ohnehin bestehenden ,Digital Divide” (Castells, 2021) weiter befeuern.
Es bestehen Optionen auch im Homeschooling eine Verkniipfung von Bewegung und
Vermittlung von Gesundheitskompetenz zu erreichen. Beispielsweise kann iber die
App ,Teamfit” die Klasse eine Schritt-Challenge gegen die Lehrkraft durchfiihren. Die
sorgfaltige Auswahl digitaler Anwendungen zur Férderung digitaler Gesundheitskom-
petenzenist bei dieser Unterrichtsintegration essenziell (Stassen etal., 2020). Zudem
bedarf es einer padagogischen Einsatzstrategie mobiler Endgeréte fiir das Fach Sport,
da durch den hohen Bewegungsanteil andere Voraussetzungen gegeben sind als in
anderen Fachern. Fortbildungen kénnten Handlungsoptionen dafiir gezielt aufzeigen.

Auspragung und Interesse an digitaler Gesundheitskompetenz bei Leh-
renden

Analog zu Umfragen bei Studierenden unterschatzen die Lehrkrdfte eigene Kom-
petenzen leicht (Dadaczynski et al., 2021). Die beschriebenen Studienbefunde
deuten ein Fachkompetenz-Ungleichgewicht zwischen Biologie/Gesundheits- und
Sportlehrkraften in Bezug auf ihre digitale Gesundheitskompetenz an, besonders
in der eHLQ Dimension ,Kenntnis der grundlegenden physiologischen Funktionen,
des eigenen Gesundheitszustands und der Risikofaktoren und der Mdglichkeiten,
sie zu vermeiden”. Dies ist verwunderlich, da grundsatzlich davon auszugehen ist,
dass das Sportstudium physiologische Grundlagen zur Prdvention unterschied-
lichster Krankheitshilder beinhaltete. Auch ist der Bezug zu den Inhalten digitaler
Gesundheitskompetenz fiir Lehrende der drei Fachbereiche laut Bildungsplénen prin-
zipiell gegeben. Mdglicherweise bestehen bei Sportlehrenden die groRten Hiirden
fiir diese Form von Lehr-Lern-Konzepten. Es ist unklar, ob dies an dem Selbst- oder
Rollenverstandnis der Lehrenden im Fach Sport liegt. Abzuwégen ist, inwiefern die
funktionale Umsetzbarkeit digitaler Inhalte im Sportunterricht vor allem fiir Primar-
und Sekundarstufe I gegeben ist, da Sporthallen als Unterrichtsort im Vergleich zu
anderen Fachrdaumen weniger mediale Mdglichkeiten aufweisen. Zudem wiirde ein
Fokus auf digitaler Gesundheitskompetenz im praktischen Sportunterricht zunachst
die Bewegungszeit und -intensitdt reduzieren. Daher scheint es zundchst so, als ob
im analogen Sportunterricht fiir digitale Gesundheitskompetenz kein Platz ist. Erst
wenn der Sportunterricht (wie in der qualitativen Befragung dieser Studie gezeigt)
pandemiebedingt ausfallen muss, entsteht ein zeitlicher Rahmen zur Entwicklung
bewegungsbezogener Lehr-Lernkonzepte zur Férderung digitaler Gesundheitskom-
petenz. Bestehende innovative Konzepte dazu umfassen u.a. die Integration von
Virtual-Reality-Inhalten und 360° Videos (Fischer und Paul, 2020). Die Tatsache,
dass digitale Inhalte erst durch pandemiebedingte Zwéange ihre Daseinsberechti-
gung im Sportunterricht erhalten, offenbart jedoch weit zuriickreichende struktu-
relle methodisch-didaktische Defizite des Sportunterrichts. Das libergeordnete Ziel
sollte deshalb auch nach der Pandemie darin bestehen, beim Thema Digitalisierung
Anschluss an andere Fachkulturen zu finden, die Sportstatten digital auszustatten
und methodisch didaktische Ansdtze zu entwickeln, um digitale Tools zur Férderung
von Bewegungszeit zu nutzen.
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Tab. 2: Wahrgenommene Herausforderungen und Chancen im Lehr-Lern-Prozess im Zuge des 1. Lockdowns, unterteilt nach Lehrer:innen
sowie Schiiler:innen

Bereich Lehrer:innen Schiiler:innen
Organi- Heraus- »  Erschwerte Organisation der Lerninhal- »  Eigenstdndige Lernweise
sation  forderungen te und Vermittlung, insbesondere bei »  Schwierigkeiten bei neuen und komplexen Lern-
Berufseinsteiger:innen inhalten
»  Verdnderungin der didaktisch-padagogischen »  Selbstaneignung von Inhalten nahm mehr Lern-
Vermittlung/Herangehensweise zeitin Anspruch als im Prasenzunterricht
»  Fehlende Ruhe und Konzentrationsprobleme in
groRen Familien
Chancen »  Mischformen des digitalen Unterrichts »  Kleinere Lerngruppen und mehr Ruhe zum Arbei-
»  Zoom, Lernvideos, Aufgaben werden als positiv ten
empfunden »  Wahrgenommene Flexibilitdt durch: selbstandige
Zeiteinteilung, verbesserte Konzentration, Zu-
satzliche gewonnene Freizeit
Technik  Heraus- »  Abhdngigkeit der Technik »  Abhdngigkeit der Technik (Internetzugang auf
forderungen »  Kamera war bei den Schiiler:innen, z.B. bei der dem Land gering vorhanden)
Nutzung von Zoom, teilweise nicht vorhanden »  Digitale Endgerate bei jiingeren Schiiler:innen
oder bewusst ausgestellt. Fehlende Kontrolle sowie sozial benachteiligten Familien teils nicht
seitens der Lehrenden. vorhanden
»  Fehlende Ausstattung an Schulen (WLAN, Geréte)
»  Plattformen und Kommunikationskanale exis- »  Plattformen und Kommunikationskanale exis-
Chancen tieren (hier bedarf es nur einer einheitlichen tieren (hier bedarf es nur einer einheitlichen
Nutzung/Struktur sowie Einfiihrung) Nutzung/Struktur sowie Einfiihrung)
»  Unterstiitzung durch digitale Endgerdte (z.B. Im
Umgang Laptops), digitale Medien (z.B. YouTube)
»  Fehlende Erreichbarkeit, insbesonderejiingerer ~ »  Fehlende Erreichbarkeit der Lehrkréfte (teils nur
Kommu- Heraus- Schiiler:innen per Mail)
nikation forderungen »  Digitale Betreuung war beschrinkt méglich »  Digitale Betreuung war bedingt sichergestellt
anzubieten (Kontaktzeiten und Kommunikation verlief je
»  Fehlende Nutzung eines einheitlichen Programms nach Lehrer:in problematisch/unproblematisch
»  Fehlende Absprachen, welche Regeln es zu beach- »  Fehlende Absprache und Menge der Inhalte
ten gilt »  Fehlender Austausch untereinander
»  Fehlende Kanale zur Kontaktaufnahme zu Kollegen »  Kommunikation mit Lehrenden je nach Medium
»  Fehlende TeambuildingmalRnahmen unterschiedlich
Kommu- Chancen »  Kurze Meetings konnen schneller und gezielter »  Neue Medien bzw. verstarkter Einsatz (WhatsApp)
nikation stattfinden
Unter-  Heraus- »  Inhaltliche Dichte in der Vermittlung »  Inhaltliche Dichte der Lerninhalte
richtsin- forderungen »  Teils Ausfall von Sportunterricht »  Teils Ausfall von Sportunterricht
halt
Chancen »  Sportunterrichtim Freien »  Sportunterrichtim Freien
Motiva-  Heraus- »  Motivation gering-mittelmaRig »  Motivation bei jiingeren Schiiler:innen gering,
tion forderungen gesteigerte Natur-Fokussierung und Bewegung in
der Natur
»  Bereitschaft zur digitalen Vermittlung vorhanden »  Teils gesteigerte Motivation bei Oberstufe und
Chancen Studierenden
(Digi- Heraus- »  Geringe Kompetenzim Umgang mit digitalen »  Kompetenzen gerade bei jiingeren sowie sozial
tale) forderungen Plattformen benachteiligten Schiiler:innen kaum bis gar nicht
Kompe- »  Abhdngigkeit der Motivation und des Alters der vorhanden
tenzen Lehrkréfte
) »  Zeit- und Selbstmanagement vorhanden, aber »  Erlernen von Zeit- und Selbstmanagementkom-
Chancen

»

ausbaufahig
Einarbeitung war moglich

petenzen
Umgang mit digitalen Plattformen schnell erlernt
Bei dlteren Schiiler:innen hdher ausgepragt

Zeitschrift fiir Studium und Lehre in der Sportwissenschaft - 2022, 5(1)

CCBY 4.0 DE @ @



Voraussetzungen zur Vermittlung digitaler Gesundheitskompetenzen durch Sportlehrkrafte - Baumann, Meixner, Wollesen 13

Methoden und Hiirden bei der Vermittlung
digitaler Gesundheitskompetenz im Sport-
unterricht

Auffalligist bei den préferierten Methoden, dass es
sich ausschliel3lich um kooperative und selbststan-
digkeitsfordernde Lernformen handelt (Dornbusch
et al., 2009; Ruppert et al., 2010). Die Lehrenden
wahlten basierend auf ihrer pddagogischen Er-
fahrung somit eine Methodik, die bewusst auf die
Ubernahme von Verantwortung der Schiiler:innen
abzielt sowie deren Selbst- und Zeitmanagement
fordert. Die Idee besteht darin, die Themen
digitaler Gesundheitskompetenzférderung auf
kooperative und selbststdandigkeitsfordernde
Lernformen im Sportunterricht zu ibertragen.
Dies kann bei den Sportlehrenden zu einer ver-
besserten Handlungsfahigkeit in Verkniipfung der
Handlungsfelder Sport und Gesundheit fiihren und
somit moglicherweise bei den Lernenden zu einem
gesundheitsbewussteren Lebensstil beitragen.

Das Smartphoneverbot an Schulen stellt nach
Meinung der Befragten eine weitere Hiirde zur
Umsetzung von Lehr-Lern-Projekten zur Ver-
mittlung  digitaler Gesundheitskompetenzen
dar. Auch wenn durch Smartphones zwar die
zwischenmenschliche Kommunikation leidet,
eine Ablenkung vom Unterricht erfolgt und Cy-
bermobbing unterstiitzt wird (Olin-Scheller et
al., 2020), bedarf es vielmehr der gezielten und
umfangreichen Férderung von Kompetenzen fiir
eine verantwortungsvolle Technologienutzung.
Smartphones kdnnen im Sportunterricht einen
Mehrwert fiir den Unterricht darstellen (Kadry &
Roufayel, 2017), eine motivierende Wirkung ha-
ben, Lernzeit erhdhen und den kritischen Umgang
von Jugendlichen mit Medien fordern. Es bietet
sich zudem an, im Schulalltag die Vor- und Nach-
teile der Smartphone-Nutzung zu thematisieren
und dessen positiven Aspekte fiir eine konstrukti-
ve Mediennutzung hervorzuheben. Um Stérungen
bei der Nutzung von Smartphones im Unterricht
zu vermeiden, helfen verbindliche Regeln fiir die
Nutzung im Unterricht (Anshari et al., 2017). Im
Kontext des Sportunterrichts wird das Handy auf-
grund hoher Bewegungsanteile weniger genutzt,
doch bestehen hier Potenziale wie bspw. smart-
phonebasierte Bewegungsanalysen. Hierzu soll-
ten jedoch Smartphones von Seiten der Schule zur
Verfiigung gestellt werden. Schiiler:innen haben
so die Mdglichkeit, eigene Bewegungsvideos zu
erstellen und mit einer entsprechenden Anleitung
der Lehrenden relevante Bewegungsphasen (z.B.
beim Werfen oder Schwimmen) zu identifizieren
und direktes visuelles Feedback zu erhalten (Mo-
dinger et al., 2020).

Kompetenzen und Grundvoraussetzungen
fiir die Durchfiihrung digitalen Unterrichts
unter SARS-CoV-2-Pandemie bedingt ver-
anderten Lehr-Lern-Prozessen

Organisation: Die zeitintensive Organisation digi-
talen Unterrichts stellt ein zentrales Problem dar.

DOI: 10.25847/zsls.2021.051

Lehrpersonen stehen vor organisatorischen Hiirden, da sie fiir die technische Orga-
nisation zustandig und gleichzeitig Ansprechpartner fiir digitale Probleme der Ler-
nenden sind. Diese Doppelaufgabe reduziert aktive Lernzeit und konnte z.B. dadurch
aufgegriffen werden, dass den Schulen on demand Technik-Support-Teams zur Verfii-
gung gestellt werden. Zusatzlich dazu sind die Unterrichtseinheiten und Lernblocke
anders zu gestalten, da die Schiiler:innen durch lange Bildschirmzeiten, hdusliche
Situationen oder auch fehlenden Selbstmanagementkompetenzen iiber Konzentra-
tionsprobleme berichten (Depping, 2021). Bewegungsspiele und Konzentrations-
ibungen sind potentielle digitale Gesundheitsanwendungen an der Schnittstelle
zum Sportunterricht. So kénnen iiber Apps bspw. kollektive Bewegungsaufgaben in
der Natur als aktive Bewegungspausen genutzt und auditiv gefiihrte Meditations-
ibungen langfristig dazu beitragen, dass sich Lernende besser auf den Unterricht
konzentrieren kdnnen. Im Hinblick auf die Zeitplanung bei synchronem Unterricht
sollten Lehrende mehr Zeit fiir Pausen einplanen und dafiir nachbereitende Aufgaben
bereitstellen.

Technik: Es fehlen einheitliche Strukturen, Absprachen und digitale Kompetenzen
einzelner Personen. Als Kommunikationsmedium sowie zur Verteilung der Arbeits-
auftrage erwiesen sich die Plattformen, wie IServ, Commsy, Zoom fiir die Ausfiihrung
des digitalen Unterrichts nach Meinung der Befragten als geeignet. Schiiler:innen
der jiingeren Jahrgdnge hingegen fehlten am meisten die sozialen Aspekte (Kontakt
vor Ort) sowie zum Teil die Verfiigharkeit digitaler Medien (insbesondere innerhalb
der Zielgruppe mit schlechteren soziookonomischen Voraussetzungen) (Crawford &
Serhal, 2020).

Kommunikation: Die digitale Kommunikation wurde in den Fokusgruppen kontrovers
diskutiert. Sowohl Lernende als auch Lehrende sehen in der rein digitalen Kommu-
nikation das groRte Problem digitalen Unterrichts, durch fehlende nonverbaler Kom-
munikation, ausgeschaltete Kameras und einem schwindenden Zugehérigkeitsgefiihl
(Naidoo, 2021). Interessanterweise gaben die befragten Schiiler:innen an, dass eine
funktionierende Kommunikation abhdngig von den Lehrkrdften, den vorher festge-
legten Regeln, den Kompetenzen der Lehrkrafte und dem Kommunikationsmedium
sei, wahrend Lehrende die Schiiler:innen nur schwer erreichen konnten. Somit erfor-
dert Kommunikation im digitalem Unterricht eine geeignete Plattform, funktionie-
rende Endgerdte, digitale Kompetenzen und definierte Kommunikationsregeln.
Unterrichtsmethoden und Motivation: Um die jlingeren Jahrgange fiir die Teilnahme
an digitalen Unterrichtseinheiten auch nach der SARS-CoV-2-Pandemie zu motivie-
ren und besser vorzubereiten, kdnnten eine Starkung des eigenstédndigen Arbeitens
bei jiingeren Klassenstufen, die generelle Verbesserung des Selbst- und Zeitma-
nagements bei Lernenden oder ein Mentoring-Programm mit alteren Schiiler:innen
mogliche Losungsansdtze darstellen. Die Wirksamkeit von Mentoring-Programmen
ist im schulischen sowie im akademischen Kontext nachgewiesen (Stoger et al.,
2012). In der Ubertragung von digitalen Gamificationansétzen (z.B. Challenges) auf
den Sportunterricht bestiinde eine weitere Moglichkeit der Motivationssteigerung
(Hofmann et al., 2014). Ergdnzend zu bereits bestehenden medienpddagogische
Anwendungsszenarien fiir digitalen Sportunterricht (Thumpel et al., 2020) kdnnte
z.B. das Zeitmanagement oder die digitale Kommunikation verbessert werden, um
Belastungssituationen im Homeschooling zu reduzieren (Schiefner-Rohs, 2017). Ge-
rade bei jlingeren Schiiler:innen ist die didaktisch wohliiberlegte Integration der po-
sitiven Mdglichkeiten von mobilen Endgeraten in den Sportunterricht eine komplexe
Aufgabe, welche die Integration von fachlichen und medienpadagogischen Inhalten
erfordert (Greve et al, 2020).

Digitale Kompetenz: Wéhrend die Umstellung auf digitalen Unterricht bei
Schiiler:innen der Oberstufe sowie Studierenden keine Probleme erzeugte, berich-
teten Lehrkrifte im Vorbereitungsdienst iiber groBe Uberforderung. Lehrer:innen
waren je nach Auspragung der eigenen digitalen Kompetenzen mit zusatzlichen
Anforderungen belastet. Erfahrene und technikaffinere Lehrkrdfte berichteten
hingegen analog zu den Ergebnissen der quantitativen Befragung, dass der
Einsatz verschiedener Methoden in ihrem digitalen Unterricht, in Form von z.B.
digitalem Unterricht, Prasenzunterricht, Erklarvideos, Lernapplikation, Monotonie
entgegenwirke und somit die Motivation der Schiiler:innen steigern kann. Die
Effektivitdtvon Mischformen aus Prasenz und E-Learning-Inhaltenist wissenschaftlich
belegt (,Blended learning”; Mahmud et al., 2020; Vo et al., 2017). Methodische
Fortbildungen in diesem Bereich (z.B. ein digitaler Methodenkoffer) bieten sich
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als Fordermoglichkeit fiir Lehrende an, um Medienkompetenzen und didaktisch-
padagogische Vermittlungskompetenzen fiir den digitalen Bereich aufzubauen.
Zur kurzfristigen Deckung des Weiterbildungsbedarfs schlugen die Befragten
Schulentwicklungstage, Fachkonferenzen, Webinare und Leitfaden vor. Ein weiterer
Losungsansatz liegt einer langfristigen Aushildung digitaler Unterrichtskompetenz
im Rahmen des Studiums, um eine Uberforderung zum Berufseinstieg zu vermeiden.
So kann auch eine erhohte Akzeptanz fiir den digitalen Unterricht geschaffen werden,
die folglich auch einen positiven Einfluss auf die Entwicklung und Kompetenz der
Schiiler:innen haben kann (KMK, 2017; Schulze et al., 2018; Petko et al., 2018;
Schaumburg & Prasse, 2019). Dabei ist zu beachten, dass Sportlehrende (anders als
andere Lehrkrafte) besonderen Ausbildungshedarf zur Kombination von Bewegung
und Digitalisierung benodtigen (Wendeborn et al., 2019).

Konsequenzen fiir das Ausbildungsprogramm im Rahmen der Sportlehr-
kraftebildung

Die Studienergebnisse verdeutlichen den dringenden Bedarf Sportlehrkrafte im digi-
talen Unterricht zu fordern. Dieser Bedarf manifestiert sich u.a. darin, dass befragte
Sportlehrkréfte im Vergleich zu Fachkollegen den niedrigsten Wert bei der digitalen
Gesundheitskompetenz aufweisen. Da die Ausbildung von Gesundheitskompetenzen
bereits in den Bildungspldanen einzelner Bundeslander verortet ist, sollte sowohl
im Vorbereitungsdienst als auch im Studium in allen praxishezogenen Modulen ein
Lerninhaltstranfer auf den Distanzunterricht erfolgen. Dies kdnnte mit spezifischen
Ausbildungsmodulen zu (1) technischen Mdglichkeiten von Smartphones und Tab-
lets zu Unterstiitzung von Bewegung, Bewegungsanalyse und Bewegungslernen, (2)
e- und mHealth Méglichkeiten oder (3) Integration von altersgruppenspezifischen
Aspekten der digitaler Gesundheitskompetenz, z.B. in der Auseinandersetzung mit
geeigneten Bewegungsprogrammen beim Ausfall von Schul- und Vereinssport, um-
gesetzt werden. Dabei sei erwdhnt, dass die Kompetenz zur Durchfiihrung digital
unterstiitzter Lehrveranstaltungen im Bereich Sport, sowie der gezielte Einsatz von
Methoden zur digitalen Vermittlung von Bewegung und ggf. Bewegungskompetenz
ein Folgeprodukt von digitaler Gesundheitskompetenz der Lehrkrafte darstellt, die
digitale Gesundheitskompetenz jedoch nur einen Teilaspekt des gelingenden Digital-
unterrichts beinhaltet.

Limitationen

Die digitale Gesundheitskompetenz von Schiiler:innen wurde in dieser Studie aufgrund
fehlender standardisierter Instrumente fiir diese Zielgruppe nicht erfragt und sollte in
Folgestudien aufgegriffen werden. Zudem erfolgten die quantitative und qualitative
Erhebung nicht durch eine Zufallsstichprobenziehung und die Verteilung von Biologie
und Sport und Gesundheitslehrkraften innerhalb der Gruppen war ungleich, weswegen
die Generalisierbarkeit der Studienergebnisse stark eingeschrankt ist. Auch subsu-
mierte diese Studie unter “Lehrenden” sowohl Lehramtsstudierende mit Lehrerfahrung
als auch Lehrkrafte im Vorbereitungsdienst und examinierte Lehrer:innen, die alle ein
sehr geringes Durchschnittsalter aufweisen. Dadurch entsteht zwar der Vorteil, dass
verschiedene Sichtweisen Betrachtung finden, gleichzeitig hatte eine Stichprobe nur
mit examinierten und vorallem dlteren Lehrkraften moglicherweise detaillierte Ant-
worten {iber die Situationim Schulalltag geben konnen. Die Aussagekraft der Studie ist
zudem dadurch limitiert, dass zwar alle teilnehmenden Studierenden eine mindestens
einjdhrige Praktikumserfahrung aufweisen, aber nicht alle wahrend des ersten
Lockdowns unterrichtet haben. Weiterhin ist zu bemerken, dass dominante Personen
deutlich mehr Redeanteile in den Fokusgruppeninterviews aufwiesen. Dies zeigte
sich erst bei der Auswertung. Zukiinftig sollten Moderator:innen von Fokusgruppen
hier gezielt Steuerungselemente fiir Redebeitrdge in den Prozess integrieren.
Der explorative Charakters der Studie fiihrte zum Einsatz nicht standardisierter
Messinstrumente mit evtl. selektiver Item- Auswahl. Folgestudien sollten die
verwendeten Instrumente zundchst validieren oder im Sinne der Vergleichbarkeit von
Studienergebnissen ausschlieRlich validierte Erhebungsinstrumente einsetzen.

Fazit und Handlungsempfehlungen

Zusammenfasend zeigt sich, dass der pandemiebedingte Lockdown zu Problemen in
der digitalen Umsetzung von Unterricht fiihrte und vor allem Entwicklungspotentia-
le in den infrastrukturellen Voraussetzungen der Schulen und den Kompetenzen der
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Lehrenden und Lernenden bestehen. Durch die
Pandemiesituation wurde deutlich, dass es an di-
gitalen Gesundheitskompetenzen bei Lehrenden
und Lernenden fehlt. Daraus folgt eine zwingend
notwendige Anpassungen in der langfristig
digitalen Orientierung des Sportunterrichts.
Es entwickelten sich in kurzer Zeit viele neue
Herangehensweisen, die bisher lediglich praxi-
serprobt, nicht aber theoriebasiert sind und eine
grundstandige digitale Gesundheitskompetenz
voraussetzen. Konzepte fiir die Vermittlung von
digitalen Gesundheitskompetenzen fehlen. Durch
die gezielte Forderung dieser Inhalte in Vorbe-
reitungsdienst und Studium konnten besonders
Sportlehrkrafte profitieren und somit erneute
Distanzunterrichtsituationen besser bewaltigen,
sowie das methodisch-didaktisch Repertoire auch
dariiber hinaus erweitern.

Aus der integrativen Analyse beider Untersuchun-
gen (quantitativ und qualitativ) lassen sich fiir
eine erfolgreiche Vermittlung digitaler Gesund-
heitskompetenzen im Sportunterricht vier Berei-
che von Handlungsempfehlungen synthetisieren:
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Tab. 3: Handlungsempfehlungen zur Vermittlung digitaler Gesundheitkompetenzen

Bereich

Handlungsempfehlung

»  Handlungsempfehlungen zu
bendtigten infrastrukturellen
Grundvoraussetzungen

Integration von Laptops, Smartphones, Apps, sowie E-Learning im Sportunterricht

»

Kostenlose und stabile WLAN-Zugdnge in den Klassenrdumen und Sporthallen

»

Anschaffung von digitalen Endgerédten durch Férdermittel des Digitalpaktes

»  Mdogliche Inhalte zur Vermitt-
lung digitaler Gesundheitkom-
petenzen im Sportunterricht

»

Schrittzahl-Challenges und Gemeine Hindernislaufe mit Geotags

»

Bewegungsanalyse mit direktem zeitlich versetztem Feedback

»

Virtuell Reality Inhalte und 360 Grad Videos zum Bewegungslernen

»  Handlungsempfehlungen
zur methodischen
Umsetzung

»

Projektarbeit, kooperatives und forschendes Lernen gekoppelt mit Sportpraxis

»

Methodenvielfalt/-Wechsel, um Motivation der Schiiler:innen zu erhalten

»

Forderung eigenstandigen Arbeitens in Primarstufe, Mentoring in Sekundarstufe

»  Handlungsempfehlungen
zur Weiterbildung von
Sportlehrenden

»

Aktuelle, flexible und wiederkehrende Fortbildungsangebote schaffen

»

Fachkonferenzen organisieren, z.B. mit Instituten fiir Lehr*innenbildung

»

Hilfestellungen fiir die Antragstellung auf den Ausbau digitaler Infrastrukturen
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in healthcare workers (fitcor): study protocol
for a randomized controlled trial
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Abstract

Background Causes and consequences of chronic stress levels in the context of healthcare work are well examined.
Nevertheless, the implementation and evaluation of high-quality interventions to reduce stress of healthcare work-
ers is still missing. Internet and app-based interventions are a promising venue for providing interventions for stress
reduction to a population that is otherwise difficult to reach due to shift work and time constraints in general. To do
so, we developed the internet and app-based intervention (fitcor), a digital coaching of individual stress coping for
health care workers.

Methods We applied the SPIRIT (Standard Protocol [tems: Recommendations for Interventional Trials) statement as a
guideline for the present protocol. A randomized controlled trial will be conducted. There are five different interven-
tion groups and one waiting control group. To achieve the sample sizes required by power analysis (G*Power) (3-error
80%; effect size 0.25), the sample sizes of the respective scenarios will be at best as follows: 336 care workers from hos-
pitals, 192 administrative health personnel, 145 care workers from stationary elderly care homes, and 145 care workers
from ambulatory care providers in Germany. Participants will randomly be assigned to one of five different interven-
tion groups. A crossover design with a waiting control group is planned. Interventions will be accompanied by three
measurement points, first a baseline measure, second a post-intervention measure directly after completion of the
intervention, and a follow-up measure 6 weeks after completion of the intervention. At all three measurement points,
perceived team conflict, work-related experience patterns, personality, satisfaction with internet-based training, and
back pain will be assessed using questionnaires, as well as heart rate variability, sleep quality, and daily movement will
be recorded using an advanced sensor.

Discussion Workers in the health care sector increasingly face high job demands and stress levels. Traditional health
interventions fail to reach the respective population due to organizational constraints. Implementation of digital
health interventions has been found to improve stress coping behavior; however, the evidence in health care settings
has not been established. To the best of our knowledge, fitcor is the first internet and app-based intervention to
reduce stress among nursing and administrative health care personnel.

Trial registration The trial was registered at DRKS.de on 12 July 2021, registration number: DRKS00024605.

Keywords Healthcare, Care work, Stress, Stress coping, Digital health technologies, Health intervention, App-based
intervention, Digital intervention, eHealth, mHealth
.
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Introduction

Background and rationale

Occupational psychosocial stress can increase the risk
to develop psychological, musculoskeletal, or cardiovas-
cular disease [1, 2]. Especially health personnel around
the globe experience exceptionally high levels of occupa-
tional stress [3] leading to serious individual, organiza-
tional, and societal problems [4]. Additionally, healthcare
institutions in various European countries indicate staff
shortages, and often fail to retain long-term personnel,
exposing health personnel to a vicious cycle of stress
and extra work [5]. This is in line with findings in Ger-
many that report job demands in the health sector to be
considerably higher compared to other professions [6].
Similarly, within the European Union, it is well known
that more than one in four nurses are overburdened [7].
Recurring stressors in health organizations include high
work demands, leadership style, few participation oppor-
tunities for work structuring, emotional burdens, lack of
appreciation, and work-family conflicts [8, 9]. In turn,
these stressors may influence recreational activities of
affected persons. For instance, sleep and physical activ-
ity have been found to be poor in stressed individuals
[10, 11]. Additionally, individuals with lower heart rate
variability (HRV) were more likely to report poorer sleep
quality in the context of chronic stressor exposure than
individuals with higher HRV [12]. Frequent or chronic
occupational stress is linked to serious health conse-
quences. If work-related demands outweigh individual,
social, and organizational resources [13], affected persons
may incur psychological and physiological consequences
such as sleep disorders, gastrointestinal complaints,
burnout, diabetes, and coronary heart disease [14—17]. In
severe cases, inability to work can lead to long-term sick-
ness absenteeism [18].

In general, psychosocial stressful stimuli activate neu-
ronal, neuroendocrine, and endocrine pathways. A physi-
ological response to stress occurs thus, among others,
at the neurological level, through receptors of the sym-
pathetic nervous system that stimulate the sympatico-
adrenomedullary axis. The hormones adrenaline and
noradrenaline are released in the adrenocortical medulla,
leading to an increase in heart rate and a decrease in
heart rate variability (HRV) under physical or psycho-
logical stress [19]. Such biological responses to stressful
stimuli may be adaptative. However, extreme, frequent,
or chronic activations of stress axes may be detrimental
to health and may be assessable via heart rate variability
[20, 21]. Chronically low HRV is associated with impaired
regulatory and homeostatic functions of the autonomic
nervous system, which reduce the body’s ability to cope
with internal and external stressors. Thus, HRV meas-
urement is a noninvasive method that can be used to
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measure the autonomic nervous system in a variety of
settings [22]. Studies show that for example in response
to stress-inducing tasks, such as the Trier Social Stress
Test, test participants show low parasympathetic activ-
ity, characterized by a decrease in High-Frequency Power
(HF) and an increase in Low-Frequency Power (LF) HRV
values [23-25]. The Standard Deviation of Normal-to-
Normal heart beats (SDNN value) represents an index of
physiological resilience to stress. When HRV is elevated
and irregular, SDNN increases. On the other hand, espe-
cially when chronically stressed (e.g., at work), the SDNN
value decreases [22, 26]. A low Root Mean Square of Suc-
cessive Differences (RMSSD) value can also be an indi-
cator of stress. Here, again, studies show that especially
in chronic stress, values are lower than in non-stressed
individuals [19, 25, 27]. However, it should be noted
when evaluating HRV data that—beyond psychological
stress—certain influencing variables must be considered.
Age has a major influence on HRV. It increases initially,
is highest in young adults, and decreases with increasing
age [28, 29]. In addition, BMI correlates positively with
sympathetic activity [30] and thus negatively with HRV
[31, 32], whereas regular physical activity is associated
with an increase in HRV [33, 34].

Interventions to reduce stress

While health complaints are frequently observed, there
are personal and organizational resources which can
improve resilience towards occupational stress [35—
37]. Personal resources with stress-protecting quali-
ties include social support, coping style, self-efficacy,
and optimism [38-41]. Pertaining to organizational
resources, a recent systematic review identified supervi-
sor support, job autonomy, and provision of work equip-
ment to minimize stress [42].

Stress may differentially affect professions within
the health sector [43]. For instance, nurses exhibit less
health behaviors (e.g., physical activity) than physicians,
pharmacists, and administrative health personnel [44].
According to Gerber & Piihse [45], physical activity may
exert a stress-buffering effect and thus protect against
physical and psychological illness. Also, within the nurs-
ing workforce, stressors vary between settings. For exam-
ple, stressors in an outpatient care include long driving
times and high emotional involvement with patients
while this is less problematic in hospital settings [46].

Although a variety of stressors exist in the health-
care setting, evidence suggests that perceived stress
can be reduced through participation in stress manage-
ment interventions. For instance, mindfulness programs
improve quality of life, anxiety, stress perception, and
sleep quality [47, 48]. Physical activity-based studies
showed improvements in autonomous nervous system
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function [49], accelerometric factors such as steps per
day [50], BMI, sedentary behavior, MET, and physical
activity levels [51]. More recently, mHealth interventions
yield the potential to address stress in a low-cost, easy-to-
implement fashion [52] with existing evidence for stress-
reducing effects in different occupational settings [53].

Within the health care sector, efficacious stress reduc-
tion programs include Yoga and qigong [54], cognitive-
behavioral interventions such as resilience training [55],
mindfulness-based stress reduction (MBSR) [56], or mul-
timodal combinations of aforementioned intervention
types [57].

Despite the plethora of studies confirming the effi-
cacy of stress reduction interventions, the evidence for
health personnel is generally weak. Study rigor issues, for
instance low total intervention time, small sample sizes,
and failure to assess behavioral change undermine inter-
vention quality [58]. Further, high risk of bias due to lack
of both appropriate study designs and follow-up meas-
urement points are common [54, 59].

The poor evidence base in the field of study is due to
organizational, social, and individual reasons. According
to Zhang et al. [60], participation in health promotion
campaigns in health care facilities is often aggravated
by various barriers. Specifically, amiss communication
between management and staff, colleague peer pressure,
insufficient staffing, top-down decision-making, and
budget constraints can impede participation rates. Addi-
tionally, healthcare personnel are difficult to reach due to
low motivation to change, low self-efficacy, and high psy-
chological and physiological demands [61].

Moreover, due to differences in individual and organi-
zational resources, stress management interventions
should be tailored to the specific needs of participants.
One possibility is to categorize subjects in terms of cop-
ing style when facing difficult work situations [60]. Fur-
ther, there are individual preferences that need to be
considered. For instance, health and other nonhealth-
related outcomes (e.g., the value of a healthy future self
and time costs, respectively) have differential impacts on
the decision to engage in stress management [61]. Thus,
one-size-fits-all interventions [62] should not be adapted
for vulnerable populations as intervention success is lim-
ited [63].

In sum, to counteract stress effects in health person-
nel, low-cost, easy-to-implement, setting-specific, and
need-tailored health promotion interventions are neces-
sary. One way to address these issues is digital (mHealth)
interventions.

Digital Interventions for health promotion
Recent developments and studies highlight the oppor-
tunities of digital interventions to address the described
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concerns for implementing and evaluating interventions
in the health care sector and the current stage of change
readiness. Interestingly, internet-based interventions
have been rarely implemented in the healthcare sec-
tor so far [64]. Digital health promotion programs can
come in different forms: Web-based trainings (WBT)
are presented on a secured online platform and assessed
through an internet browser either on a smartphone or
on a computer/laptop [65, 66], whereas app-based inter-
ventions come with a smartphone application only [67,
68]. However, there are also hybrid forms such as web
apps.

Digital Interventions can be a low-threshold oppor-
tunity for health promotion and are a promising possi-
bility to achieve prevention goals [69, 70], even though
eHealth literacy is sometimes missing [65]. The free allo-
cation of time and flexibility of availability were evaluated
on a positive note. Combining such apps with so-called
“wearables’, such as smartwatches or fitness trackers,
could allow us to continuously record health data and
thus constitutes various opportunities in the context of
prevention work (Gamification, Just-in-time-adaptive
interventions). By implementing “wearables” into digital
health applications (apps), health-related data (e.g., sleep
patterns, eating patterns, and exercise) could be recorded
and interventions that meet individual needs could be
derived based on this data [66]. Previous studies already
found positive effects of stress apps on wellbeing. Har-
rer et al. [67] for example found that app-based stress
management interventions improved stress, anxiety, and
depression in college students. Another example stems
from research by Economides et al. [68] who found that
a mindfulness app intervention reduced stress and irrita-
bility, while it also increased positive affect. A systematic
review and meta-analysis on web- and computer-based
interventions for stress reduction illustrates international
research efforts. Included studies have been carried out
in Western countries (Austria, Switzerland, Germany,
Great Britain, the Netherlands, Norway, Sweden, and
the USA) and Japan with studies predominantly having
been conducted in the USA. The meta-analysis further
underlines that digital interventions have shown posi-
tive effects on stress outcomes in different samples in the
countries mentioned [71].

At the same time, expectations towards health apps
are high, 70% of health app users believe that these can
strengthen self-motivation and 56% think that app use
can improve health education [72].

In order to establish long-term health behavior change,
a high level of adherence motivation during the inter-
vention implementation is necessary, and therefore indi-
vidually tailored approaches may be beneficial. Often,
the adherence for digital health promotion programs is
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rather low which reduces their effectiveness [73]. Indi-
vidual tailoring [74] or gamification could be approaches
to address this problem. In one meta-analysis, research-
ers found that web-based tailored interventions clearly
outplayed generic interventions with respect to health
behavior change [75]. In particular, non-tailored inter-
ventions were found to decrease user satisfaction [76].

However, the definition of a tailored health app is
unclear due to the lack of a framework for individualized
app elements. In one of the few reviews that adequately
addresses this issue, the authors enumerate the Indi-
vidualized Elements in the app and grade whether it is a
tailored or non-tailored mHealth intervention [77]. The
evidence of this review is clear, however, that there is a
wide range of potential approaches for individualiza-
tion and that these are often accompanied by established
behavior change mechanisms, yet the effectiveness of
individual elements must first be investigated in stand-
alone interventions, as tailored mHealth interventions
are often multicomponent in nature.

One approach to design individually tailored digi-
tal solutions could be a focus on users’ personalities. A
smartphone app that focuses on stress reduction thus
firstly needs to focus on personality characteristics as
studies showed that personality characteristics are asso-
ciated with specific coping behavior [78], app usage
behavior, and receptivity to gamification elements [79].
Focusing on personality characteristics also allows for
app-tailoring. Additionally, it needs to address users on
their current state of readiness for behavioral change App
modules that focus on conflict solving skills and commu-
nication techniques could work to address those issues.
To the best of our knowledge, to date there are no studies
investigating the effect of tailored mHealth interventions
to reduce stress in the healthcare sector.

In summary, for the development of a digital health
intervention, the specific combination of different con-
tents has to be considered. These are (1) evidence-based
feasible interventions, (2) tailoring and individualization,
and (3) additional elements to gain adherence and long-
term usage. Therefore, the present study aims to compare
both web-based vs. app-based and tailored vs. non-
tailored stress management interventions. All included
types of interventions were previously found to improve
users’ wellbeing in different facets. While generalized
web-based interventions that are designed for a broad
user population require less technical effort than those
containing individualization, a lack of individual tailor-
ing appears to be a central issue when it comes to user
motivation and willingness for behavior change. Individ-
ual-tailored app-based interventions on the other hand
could address this need but require high technical effort
as they rely on complex structures. One-size-fits-all
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interventions that are accompanied by an individual tel-
ephone coaching may be another option to allow a cer-
tain level of individual tailoring. Therefore, it is of high
importance to compare the different approaches with
regard to cost-benefit considerations.

With fitcor, we provide healthcare and administra-
tive workers specific digital interventions. This protocol
describes a randomized controlled trial (RCT) in which
we investigate the effectiveness of the fitcor interven-
tions. Therefore, our aim is to identify the most beneficial
digital intervention with respect to the following goals:
(a) reduce stress and associated consequences and/or
symptoms, (b) increase self-management and self-effi-
cacy, and (c) increase adherence.

The proposed trial is needed to address these aims
for four reasons. It includes samples from three differ-
ent health care settings (1), namely hospitals, stationary
elderly care homes, and ambulatory care, which allows to
draw conclusions on similarities and differences between
the effectiveness of the interventions in the specific set-
tings. It allows comparison of different digital interven-
tions with regard to topic, complexity, or biofeedback
inclusion (2). Additionally, it enables investigating stress
both from an objective perspective facilitating physi-
ological measures as well as from a subjective perspective
facilitating self-report measures (3). Finally, we can derive
conclusions on long-term effects of the applied interven-
tion through our longitudinal approach [4]. We expect
that each intervention will benefit participants as they
get free access to usually pricey digital health improve-
ment programs. But at the same time, participants will
have to invest some of their time to conduct all three
measurement time points. Other than that, no harms are
assumed to appear directly caused by the intervention.
Next to the effects on different outcome parameters, the
whole approach will give us more information about the
required composition of individualization and modulari-
zation in different occupational groups.

Research questions

The main research question of this study is:
[0 Which digital intervention is most efficient for
improving the stress management skills of health
care and administrative personnel?

Regarding this main question, there might be some
group-related differences to detect. Therefore, the follow-
ing research questions should be answered:

[0 What are the differences in stress levels between
nursing and administrative health personnel?

[1 What are the differences in sleep quality between
nursing and administrative health personnel?
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[0 How do intervention formats differ with regard to
the effects on the processes of behavioral change?

Moreover, there are some outcome-related research
questions:

[0 What is the association between the usage of
mHealth intervention applications during working
hours and stress levels of users?

[ Is the effectiveness of the mHealth interventions
determined by the age or gender of the participants?
[ Is there a connection between stress and other
outcomes such as back pain or physical activity lev-
els?

[ Do mHealth interventions contribute to a reduc-
tion in back pain?

Finally, the study should answer some acceptance and
individualization related research questions:

[0 What is the rate of acceptance for the sensor-
based mHealth interventions for nursing and admin-
istrative health personnel?

[0 What is the level of satisfaction for the sen-
sor-based mHealth interventions for nursing and
administrative health personnel?

[0 Do additional intervention requirements (e.g. for
individualization) emerge as a result of the sensor
screenings?

[0 What are the necessary requirements to ensure
a long-term integration of sensor-based mMHealth
interventions to the daily routine of nursing and
administrative health personnel?

Methods
Study design
The study is part of the project “Internet and app-based
interventions to reduce stress in healthcare workers” (fit-
cor). The studies are conducted and described according
to the Spirit checklist [80]. The study will be conducted
as a longitudinal crossover design trial with five interven-
tion groups and group comparisons (nurses vs admin-
istrative personnel). The study is part of the project
“Internet and app-based interventions to reduce stress in
healthcare workers” (fitcor). The studies are conducted
and described according to the Spirit checklist [80].
The study will be conducted as a longitudinal crossover
design trial with five intervention groups and group com-
parisons as described in Table 1 (nurses vs administrative
personnel).

The five intervention groups are as follows:
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(1) Web-based digital stress management intervention
(WBT only)

(2) Web-based and need-oriented digital stress man-
agement intervention (WBT + Need)

(3) Web-based and need-oriented digital stress man-
agement intervention with telephone coaching
(WBT + Need + Coaching)

(4) App-based stress management interventions with
sensory biofeedback (App + Biofeedback)

(5) App-based stress management intervention with
sensory biofeedback and health report (App + Bio-
feedback + Report)

All participants of the intervention groups will receive
a digital intervention. The waitlist control group will start
the intervention after 8 weeks. Both, questionnaire and
sensory data will be assessed:

(1) At baseline (7}: pre-intervention/pre-waiting)

(2) At 8 weeks (T,  post-intervention/post-
waiting=pre-intervention)

(3) At 16 weeks (T sustainability or post-intervention
for waiting group; see Table 1).

Participants
Eligibility and ethical approval
The crossover randomized controlled trial will include
nursing staff and office workers aged 18 years or older
from hospitals, stationary elderly care facilities, and
ambulatory care providers. No clinical patients will be
involved in the proposed study. Fluency in the German
language as well as internet access via a smartphone
device are prerequisites for study participation. All
potential participants will be informed about the study
and its procedure through a comprehensive informa-
tive video. The study is conducted in agreement with the
principles of the Declaration of Helsinki and the guide-
lines of Good Clinical Practice. The recruitment of the
participating nursing facilities involved cooperating
health insurance companies, whereas the recruitment
within the participating facilities will remain within the
responsibility of the authors. Written informed consent
will be obtained from all participants or their legal guard-
ians before enrolment. Participants as well as their rela-
tives or legal guardians can withdraw consent at any time.
The local ethics committee of the TU Berlin, Germany,
has approved the study protocol (No GR_14_20191217).
The trial was registered at DRKS.de with registration
number DRKS00021423 on 12 July 2021.

We used the program G*Power [81] to calculate
the relevant sample size. To achieve the sample sizes
required by power analysis with a B-error of 80% and an
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Table 1 Schedule of enrollment, interventions, and assessments: Recommendations for Interventional Trials (SPIRIT) chart of the

enrollments and assessments during randomized controlled trials

STUDY PERIOD

Enrolment | Allocation Post-allocation Close-out
TIMEPOINT -ty 0 t: | 8weeks | t | 8weeks | t3 tx
ENROLMENT:
Eligibility screen X
Informed consent X
Interviews X
Allocation X
INTERVENTIONS:
Intervention first
WBT only X | g | X X
WBT + Need X | g | X X
WBT + Need + Coaching X | G [ X X
App + Biofeedback X | ¢ [ X X
App + Biofeedback + Report X | ¢ [ X X
Waitlist control
WBT only X X | &= X
WBT + Need X X | &= X
WBT + Need +coaching X X | ¢l [ X
App + Biofeedback X X | ¢ [ X
App + Biofeedback + Report X X | ¢y [ X
ASSESSMENTS:
Questionnaire data X X X X
Sensor data X X X X
App usage Data X X X

effect size of 0.25, we will need to include 700 partici-
pants. An effect size of 0.25 is considered a small effect,
which is congruent with the literature on the effective-
ness of eHealth/mHealth behavior change interventions
[82, 83] and workplace health promotion interventions

[84]. We expect a participation rate of 20% as this
appeared to be a realistic participation rate in previ-
ous intervention studies in different small and middle-
sized companies [85]. With an expected dropout rate
of 20%, we will include additional 140 participants to
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ensure that the study results will still be eligible for data
analyses.

Allocation and blinding

To prevent selection bias, the allocation of participants
to the intervention groups and waiting control group will
be assigned randomly by lot by the director of the study.
There is going to be a random allocation at the individual
level with the tool Research Randomizer using continu-
ous block randomization. Sets of five numbers will be
generated, representing the differing number of study
groups. Each participant is then assigned the subse-
quent number on the block randomization list for group
assignment. Therefore, each person can theoretically be
assigned to any of the study arms. As participants will be
assigned to an intervention group or the waiting control
group by lot, no further mechanisms of implementing
the allocation sequence is needed. To our best knowl-
edge, there are no circumstances under which unblinding
of the data assessors could be needed. Trial participants
will be informed about which intervention group they
are assigned to as they will need to receive the respec-
tive information to complete all necessary information
and access the digital intervention programs. Outcome
assessment will be blinded as the assessment is done in
an online questionnaire that participants fill out indepen-
dently. The sensor screening will also be done without
including a third party as participants apply the sensor on
their body by themselves. All data analyses will be run by
blinded assessors.

Participant recruitment

Participants will be recruited in health care facilities in
Germany. For this purpose, the health insurance com-
panies contact the executives of their collaborating hos-
pitals, stationary elderly care facilities, and ambulatory
care providers. The executives will forward an explana-
tory video to their employees via in-house communica-
tion networks, whereupon they can voluntarily enter
their contact details into an online tool to register for the
study. Previous experiences of the researchers showed
that approximately only half of all contacted nurses par-
ticipated in intervention studies. Therefore, in order to
reach the target sample size, we will contact double the
participants than we will actually include in the study.

Interventions

Explanation for the choice of comparators

In order to illustrate the advantages of mHealth inter-
ventions for the specific requirements of healthcare
settings, office workers were chosen as a comparison
group. The reason for choosing this comparison group
is that office workers are often more likely to adapt to
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digital interventions due to their workplaces being bet-
ter equipped in terms of technology. In addition, as
described above, we developed five different study sce-
narios to be compared within the study. The reason for
this selection is to reflect different levels of individu-
alization in mHealth interventions across the different
scenarios.

Intervention description

As described above, there are five different intervention
scenarios, each including a WBT or an app, and each with
different levels of individualization. This trial becomes
particularly complex due to the need orientation of the
WBT interventions. Depending on the needs of a person,
he or she is assigned a different WBT. For example, a per-
son who does not exercise enough and is very overweight
is recommended a weight loss WBT, while a person who
suffers from high stress levels is recommended a WBT
with autogenic training or mindfulness. For this reason, a
detailed list of the content covered in the respective apps
or WBTs is provided in Table 2 below.

Strategies to improve adherence to interventions

In order to improve adherence to interventions, a user-
centered approach was chosen to integrate experiences
and test the functionality of the app internally and exter-
nally. Moreover, the information process about the study
design implied an explanatory video, numerous fly-
ers, and digital meetings. After agreeing to participate,
numerous reminder emails were also created, which were
automatically sent to the participants if they forgot to
order the sensors or register.

Participant involvement

To ensure target group participation, the interven-
tion conception was preceded by a qualitative needs
assessment of the target group health care workers. We
inquired about acceptance of the biofeedback system, the
chest strap, and needs and requests for app content to
improve need-tailoring and individualization aspects. For
the sake of simplicity, we do not report the outcomes of
this assessment in this study protocol.

Outcome measures

The assessment will apply a selection of standardized
questionnaire measures (cited below) as well as sensor-
based physiological and vital parameter measures (meas-
ured by Corvolution CM300, which includes ECG circuit,
3-axis acceleration and rotation rate chip, air pressure
chip, thoracic impedance chip, and temperature chip).
Additionally, demographic characteristics, such as age,
gender, and job hierarchy, will be assessed.



Page 8 of 17

(2023) 24:163

Baumann et al. Trials

X yyeay auids
X X X Awoleuy
X X X X X Bululen adueinpul
X X X X sugey ANAIDY
X X X X abueyd Joineyag
X X X e|ose
X X X X X X eboA pue buiyolang ANARDe [edISAY
X X X X X das)s AyijeaH
X X X X oM Yiys pue das|s
X X X X syqgey dag|s dasis
X KbojoisAyd ssaiis
X X X X X X uondadiad Apog
uonexe|al
X X X X X X 9]snw aAIssa1b0ld
X X X X X X X X Pujuren diusboiny
X X X X X X X X ABojoydAsd aniIsod
X X X X X X X [euinof apnineln
X X X X X X X X X Bues |eon
X X X X X X X SSOUINJPUIN
X X X X X X X X buiyiealq dssg
X X X X PaSND0}-WS|qOld  UONPXe|2) PUB SS311S
X X X X X X X X UOM1PIUSLIO PISN
X X X X Bu119s [PUOIIEDOA
X X X X X X X X Buiyoeod suoyds|s
X sulaned WIAY
X X X X 32eqpasjoiq 1031lg uolezilenpiAlpu|
ssang
Bujuien pue sonseuwAn  AyAndy
J1uaboiny dosls eboj eyjeH ssaujnjpuly auids |edisfyd ssojiybidapy uonuInN 31saydn +aledfw aduejeg pig Yad|Dsny
19M ddy sSNJ0j-qns sndo4

suoledyIpow | g pue dde dyipads-spaau snoleA ay3 JO SIUSIUOD dY3 JO ISI| pajiled T dlqeL



Baumann et al. Trials (2023) 24:163

Primary outcomes

All primary outcomes will be assessed at baseline (7}), at
follow-up measurement after 8 weeks (7,), and at follow-
up measurement after 16 weeks (see Table 1).

Stress and relaxation While perceived stress and stress
symptoms will be assessed in a questionnaire format,
heart rate variability (HRV) and sympathovagal balance
are captured by the sensor.

[ HRV: HRV measurement will be used to deter-
mine the ability of the heart to respond to daily phys-
iological and psychological stimuli. The following
HRV parameters will be used for the assessment of
psychological health and stress: SDNN (ms), RMSSD
(ms), LF (ms2), HF (ms2), and the LF / HF-Ratio.

[ Perceived Stress: Stress perception will be assessed
via the PSS-4 questionnaire. The PSS-4 is the short
version of the original PSS-10, developed by Cohen
et al. [86], which measures the extent to which
respondents perceive their life situation as unpre-
dictable, uncontrollable, and overloaded, and thus
feel stressed. The 4-item version incorporates the
statements: “In the last month how often have you
felt you were unable to control the important things
in your life?] “In the last month how often have
you felt confident about your ability to handle your
personal problems?,” “In the last month how often
have you felt that things were going your way?,” “In
the last month how often have you felt difficulties
were piling up so high that you could not overcome
them?”. The 5-point response scale ranges from 0 =
never to 4 = very often. Internal consistency is good
ata = 0.77 [87].

[ Subjective stress symptoms: A self-developed ques-
tionnaire asks respondents to rate 10 stress symp-
toms (e.g., I often feel alone, abandoned, and isolated)
on a 5-point Likert scale (not true—true).

Sleep quality Sleep quality will be measured via both
sensor data (sleep duration and sleep recovery) and
validated questionnaires (subjective sleep quality, sleep
apnea risk).

[ Sleep duration: Determination of sleep duration
follows the method of Cole et al. [88]. Classification
of sleep duration occurs as hours/day, where <6 h/
day = insufficient, 6-9 h/day = sufficient, and >9 =
excessive [89].

[ Sleep recovery: ECG parasympathetic activation
will measure sleep recovery. Via the sensor, partic-
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ipants’ recovery will be classified as poor, moder-
ate, or good.

[0 Subjective sleep quality: The Pittsburgh Sleep
Quality Index (PSQI) will be used to collect sub-
jective sleep quality data. The index is composed
of 18 items covering seven relevant areas (subjec-
tive sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use
of sleep medications, and dysfunction during the
day within the past four weeks) [90]. An example
item is “During the past 4 weeks, how often have
you slept poorly because you woke up in the mid-
dle of bedtime or much too early?” Across the
seven areas, a total of 0-21 points can be achieved.
Scores above 11 reflect poor sleep quality, whereas
a score of 5 and below reflects good sleep quality.
The German version demonstrated good internal
consistency (@ = 0.75 [91];).

[ Sleep apnea risk: The snoring, tiredness during
daytime, observed apnea, and high blood pres-
sure with BMI, age, neck circumference, and gen-
der (STOP-Bang) questionnaire will be used to
identify obstructive sleep apnea (OSA) risk. The
STOP-Bang questionnaire asks four yes/no ques-
tions (“Do you snore loudly (louder than talking or
loud enough to be heard through closed doors)?’,
“Do you often feel tired, fatigued, or sleepy during
daytime?”, “Has anyone observed you stop breath-
ing during your sleep?’, “Do you have or are you
being treated for high blood pressure?”) to quickly
screen OSA risk. Respondents are assigned a score
for each item (no = 0, yes = 1) for a possible score
of 0 to 8 points. Using a cut-off score > 3, the
STOP-Bang questionnaire exhibits high sensitivity
to detect any OSA (84%), moderate-to-severe OSA
(93%), and severe OSA (100%) [92].

Physical activity and fitness Sensor-based measures of
physical activity and fitness measures include daily steps,
energy expenditure, activity intensity and variety, physi-
cal inactivity, and BML

[ Steps: Accelerometer-based measurement of steps
(steps/day) will be recorded, and participants will be
categorized as low active (<5000 steps/day), mod-
erately active (5000—-10,000 steps/day), and highly
active (>10,000 steps/day) adapted from the Tudor-
Locke & Bassett [93] framework (originally: sed-
entary (<5,000 steps/day), low active (5000 to 7499
steps/day), somewhat active (7500 to 9999 steps/day),
active (10,000 to 12,499 steps/day), and highly active
(>12,500 steps/day)).
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[ Total daily energy expenditure: Based on the work
of Livesey [94], daily activity will be computed as the
discrepancy from the individual basal metabolic rate
(BMR; MJ/day) requirements determined by age,
sex, and body weight (kilograms). Participants with
total daily energy expenditure <1.5, BMR are consid-
ered low active, 1.5-1.7 BMR reflects moderate daily
activity, and daily energy expenditure >1.7 BMR will
be treated as highly active.

[0 Activity variety: Metabolic equivalent of task
(MET) minutes/day will be assessed for daily activi-
ties [95].

[ Activity intensity: Activity intensity will be com-
puted as mean heart rate in relation to minimum
and maximum rate during the measurement period.
[0 Physical inactivity: Physical inactivity will be
assessed as the number of minutes per days those
participants exhibit waking inactivity (sitting, stand-
ing) Classification is as follows: <60 min/day =
good, 60—240 min/day = moderate, >240 min/day =
poor. Also, inactivity disruptions will be measured,
operationalized as a disruption of a > 30-min inac-
tivity period for at least 1 min (e.g., short walk after
a 30-min sitting period).

[0 BMI: The BMI will be computed (kg/m?). Accord-
ing to the WHO [96], participants will be classified
as underweight (<18.5 kg/m?), normal weight (18.5 to
25 kg/m?), and overweight (>25 kg/m?). Height and
weight are assessed by questionnaire.

Secondary outcomes

Behavioral and experiential outcomes In addition to
the three primary outcome domains of stress, sleep, and
physical activity, information was collected on experi-
enced back pain, health behaviors, work-related behav-
ior and experience patterns, and personality. These were
used to tailor the app. All behavioral and experiential
secondary outcomes will be assessed at baseline (77), at
follow-up measurement after 8 weeks (75,), and at follow-
up measurement after 16 weeks (see Table 1).

[0 Back pain: The back complaints of the last 7
days are surveyed using three self-developed items,
addressing the location and situations in which back
complaints occur.

[0 Health behavior: Based on the Health Action
Process Approach, 22 items were adapted from
Schwarzer [97] to capture motivational and voli-
tional mechanisms that influence individual stress
management practices. Items include statements
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regarding self-efficacy, intentions, outcome expec-
tancies, planning, and actual stress coping behav-
ior (e.g., “How certain are you that you can execute
the exercise in the app?”). All items are assessed on
a 5-point Likert scale (e.g., 1: not at all certain-5:
very certain).

[0 Work-related behavioral and experiential pat-
terns: To assess the Work-related Behavior and
Experience Patterns (German acronym AVEM), we
included four items that were self-developed based
on the 44-item original version by Schaarschmidt
& Fischer [98]. The original questionnaire com-
prises 44 questions covering eleven dimensions
(subjective meaning of work, occupational ambi-
tion, energy expenditure readiness, perfectionism,
emotional distancing ability, resignation tendency,
offensive problem coping, internal peace and bal-
ance, perceived work success, life satisfaction, and
perceived social support). Respondents are clus-
tered into one of four patterns (health, conserv-
ing, overexerting, and burnout) that can be used to
identify individual intervention targets. The con-
densed 4-item version used for this study was vali-
dated in an online survey (e.g., “My job is impor-
tant to me, but I also manage to distance myself
from my work and thus maintain a high quality of
life”). The internal consistency of the original ver-
sion ranges from 0.79 to 0.87 [99].

[] Personality: We will include the Big-Five-Inven-
tory-10 (BFI-10) comprising ten items that economi-
cally measures personality based on the five-factor
model [100]. The procedure was shown to be reliable
in evaluation studies with a retest reliability of 0.49
to 0.84 and exhibited good content as well as conver-
gent validity. An example item of this scale is “I trust
others easily, believe in the good in people”

App-related outcomes During the intervention, usage
data was also collected that included information about
satisfaction with the app, modules completed, inten-
sity of use, and duration of use. App-related secondary
outcomes will only be assessed during the intervention
period (see Table 1).

[0 Satisfaction with internet-based programs: To
assess the satisfaction with internet-based training,
we include the Client Satisfaction Questionnaire-
Internet (CSQ-I), which measures the acceptance
towards digital interventions with eight items (e.g., “I
am satisfied with the amount of help I received from
the training”). The questionnaire has very good reli-
ability with & = 0.94 [101].



Baumann et al. Trials (2023) 24:163

[ App usage data: Tracking of intervention module
finalization and total time spent with allocated mod-
ules will be performed.

Data collection, management, and analysis

Relevant outcome variables will be assessed at three time
points. The different measurement points are the same
for all five intervention groups. The baseline measure-
ment (7) is first carried out on the participants directly
prior to beginning with the interventions. The post-inter-
vention measure will be performed immediately after the
interventions are completed (T,). After another 6 weeks
of no intervention, the sustainability measurement (75)
will be conducted. For the waiting control group, the first
measurement (7;) will be followed by a period of eight
weeks of waiting. The second measurement (7,) will be
conducted after this waiting period. Then participants of
the waiting control group will receive one of the inter-
ventions and then have their third measurement directly
after finishing the respective intervention (73). At all
three measurement points, the same variables, namely
physiological stress, perceived stress, satisfaction with
the digital intervention, personality, work-related behav-
ior patterns, and team conflict will be measured.

The respective measurement tools that will be applied
are described in the outcomes section including informa-
tion on reliability and validity. In order to promote data
quality, we include evaluated scales that appeared to be
reliable and valid in previous studies. We will not con-
duct duplicate measurements. The collected data will be
processed pseudonymously in digital form (from the ini-
tial measurement to the sustainability study—approx. 12
weeks).

In order to ensure pseudonymization and simulta-
neously ensure subsequent deletion of the data, each
participant creates a five-digit individual code word
immediately after signing the consent form when answer-
ing the initial survey, consisting of the first letter of their
mother’s first name, the first letter of their favorite color,
the first letter of their place of birth, the last digit of
their year of birth, and the last digit of their day of birth
(e.g., MGFO1). This code is used instead of other identi-
fier in all subsequent measurements. There is a coding
list on paper that links the name to the code but is only
accessible to the investigators and the project manager.
The coding list is kept in a lockable cabinet or safe and
is destroyed after the data collection is completed. If a
respondent wishes to delete their data retrospectively,
they can use the five questions mentioned above to
reconstruct their code word and thus request deletion of
the data. After completion of the sustainability measure-
ment, the code used to pseudonymize the employees will
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also be replaced by assigning a combination of numbers
(e.g., 1647) and thus anonymized. Non-anonymized data
sets are deleted by the university and the cooperation
partners involved in the data collection after comple-
tion of the data collection. Data will only be processed in
anonymized form within the framework of the study and
for subsequent scientific use as well as for publication of
the study results.

The anonymized data sets will be stored on a pass-
word-protected project folder of the TUB cloud of the
TU Berlin for the duration of the project until the com-
pletion of all scientific work and associated data analyses.
Subsequently, the data will be transferred to a research
data repository of the TU Berlin and stored there for
a period of 10 years. Access to the server is granted by
assigning passwords to the external project partners.
The rights to assign the passwords lie with the project
leader PD Dr. Bettina Wollesen. After completion of the
project, all raw data collected can be made publicly avail-
able in anonymized form in a research data repository for
an unlimited period of time as part of the Open Science
efforts of the scientific community and in accordance
with the Berlin Declaration. Personal information about
the participants will be protected by pseudonymization
of the data sets described above.

Statistical analysis

Primary and secondary outcomes will be analyzed
using SPSS software. The study will allow a comparison
between all summarized intervention groups with the
waiting control group, as well as a comparison between
the different intervention groups. Additionally, par-
ticipation rates will be included in the analyses. Sample
characteristics will be explored applying descriptive sta-
tistics. Standard analyses adjustments will be made to
adjust for baseline differences between groups, in case
there are any. For missing data, sensitivity analyses will
be conducted to compare results with the complete case
analysis. Further, different options for imputation will
be considered. Differences between intervention groups
and the control group will be investigated using y* tests
for categorical variables and independent sample ¢-tests
for continuous variables. General linear mixed models
will be applied for the statistical analyses of primary and
secondary outcomes. Group-based trajectory modelling
will also be applied if feasible given the data situation.
The models will be adjusted by baseline value and poten-
tial confounders, such as staff field of working (hospital,
stationary elderly care, ambulatory care) or age. P val-
ues <.05 will be considered as statistically significant and
effect sizes of >.3 will be regarded as clinically significant.
If appropriate, 95% CI will be reported with the p values
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as well. If feasible, missing data will be imputed through
multiple imputation.

Monitoring

The research team will promote participant retention
through close personal support. Contact persons will
always be available for any occurring questions or prob-
lems. Further regular reminder emails will be sent out as
soon as participants appear to fade out of completing the
interventions. A respective data monitor will be named
and be responsible to supervise the active participation.
If there is no response to the reminder emails, partici-
pants will be contacted by phone by the research team.
If participants decide to withdraw from the intervention,
no further data of them will be collected.

All researchers involved in the study will monitor the
data and report in case of appearing inconsistencies or
other problems. In the beginning of the project, data
monitoring will take place on a daily basis. As soon as the
study runs smoothly, data will be monitored on a weekly
basis.

We do not expect that any adverse effects appear dur-
ing the study. However, in case any solicited, and spon-
taneously adverse events are reported, the research
team will inform the supervisor and decide based on her
expertise how to deal with the events. The investigators
will audit the trial conduct on a weekly basis to inspect
how the trial is going and whether any adaption or inter-
vention is necessary. This will be done in collaboration
with the trial sponsor. In case any protocol amendments
will be necessary, the ethical committee that granted
approval for the present trial will be informed immedi-
ately. Additionally, all participants will be informed about
changes. The results of the trial will be reported to par-
ticipants and their institutions in an anonymized report
that is specifically designed to be understandable by peo-
ple without a scientific background. The study results will
further be made available to the public and interested
researchers through an open access publication in peer-
reviewed journal.

Discussion

The development of a digital intervention to improve the
individual’s abilities for stress management in different
working settings, especially in the health sector, is fac-
ing several requirements. Next to the integration of evi-
dence-based feasible interventions, these contents need
to be tailored and individualized to gain adherence and
long-term usage. Therefore, the main aim of the study is
to compare web-based and app-based stress management
interventions to identify the most beneficial digital inter-
vention to (a) reduce stress and associated consequences
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and/or symptoms, (b) increase self-management and
self-efficacy, and (c) increase adherence.

Regarding the overall aim, previous studies have shown
that the nursing occupation is strongly linked to stress
experiences [9]. The working conditions within the health
care sector are accompanied by staff shortage and poor
health outcomes, which were exacerbated by increased
workloads during the pandemic [102]. Previous studies
have shown chronic stress and resulting physical, cog-
nitive, and emotional strains in nursing personnel [103,
104]. Regarding the physical conditions, chronic stress
leads to reduced heart rate variability [21].

As administrative personnel do not have the same level
of intimate encounters with patients, they are less likely
to experience work stress. Also, shift work is an inde-
pendent stressor, which is less of a problem for admin-
istrative personnel. Therefore, we suppose the two target
groups within our study might show differences in their
chronic stress conditions and referring physical reactions
(expressed by heart rate). Moreover, it has been shown
that the physical conditions might also lead to reduced
sleep quality or duration [105]. With respect to the dif-
ferent nature of work-related burdens within nursing and
administrative personnel, these circumstances might also
lead to differences in individual sleep quality.

Due to previous studies providing positive effects of
app-based stress management and mindfulness interven-
tions on wellbeing, reduced stress, anxiety, and depres-
sion [67, 68], these types of interventions should be
tailored and adopted to specific requirements of the tar-
get groups within this study. Also, work-specific stressors
and back pain are known to be interrelated, with a poten-
tial bidirectional causality. For both groups, the under-
lying mechanisms might be different. While nursing
personnel has to compensate heavy loads on the spine
according to care processes with awkward body posi-
tions under time pressure, administrative personnel have
long sitting periods without moving [103, 106]. However,
despite the different strains on the musculoskeletal sys-
tem, stress is commonly associated with increased blood
pressure and an augmented perception of pain [20, 107].

Overall, the study results will help to gain more evi-
dence of the effectiveness of these interventions for
health personnel according to positive benefits on stress
reduction. This will be gained by an appropriate small
sample size, appropriate study designs, and follow-up
measurements to address the relevant aspects identi-
fied [54, 59]. Moreover, we expect to find a positive cor-
relational link between stress level of participants and
back pain severity as well as a negative correlational link
between stress level of participants and physical activity
level [11].
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Also, the digital interventions allow more temporal
flexibility for usage and therefore might help to over-
come organizational, social, and individual reasons and
barriers for participation proposed by Zhang et al. [108].
Additionally, healthcare personnel are difficult to reach
due to low motivation to change, low self-efficacy, and
high psychological and physiological demands [109].
Increasing the motivation and improving the stress cop-
ing related self-efficacy of healthcare personnel can be
achieved by including measures of behavior change
mechanisms. Whether a health intervention will be suc-
cessful in changing a behavior in the desired direction
is contingent on changes in motivational and volitional
aspects, such as intention to change and planning behav-
ior. As individualized interventions are theorized to be
more motivating than generalized interventions, we
expect the need of tailored conditions to be associated
with improved self-efficacy, intentions, planning, and
actual behavior compared to generic and waitlist control
conditions. These changes will be accompanied by health
behavior stages (i.e., from non-intending to intending to
acting). At the same time, organizational barriers (e.g.,
inadequate social support, high job demands) for behav-
ioral change are known to prevail in the nursing sector
compared to facilitators [110] which influence the change
outcomes. Organizational barriers may be less problem-
atic in the administrative setting, which could show in
better intervention results for administrative vs nursing
personnel. The individualization and the just-in-time-
adaptive intervention [111] approach of the sensor-based
app interventions are expected to be particularly success-
ful in decreasing perceived work stress. Web-based, non-
individualized interventions will likely also yield desirable
results, however to a lesser degree.

One-size-fits-all interventions have been found to pro-
duce fewer desirable results than need-tailored interven-
tions [63]. We expect biofeedback-based, need-tailored
digital interventions to be superior in terms of stress
reduction and physical activity improvements than gen-
eralized, nonspecific online courses. However, the pre-
sented biofeedback system has not been tested before
systematically. It might therefore be the case that addi-
tional intervention necessities emerge by means of the
sensor screenings. As an example, if sleep recovery is
found to be of particular low quality, recommenda-
tions will be made to specifically target sleep in future
interventions.

Next to the positive effects of tailoring the interventions
to gain higher effects of individual stress responses, indi-
vidualization might be expected to increase the adher-
ence of the participants [112]. A continuous participation
in an intervention program is necessary to gain positive
adaption and long-term effects. The interventions of this
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study integrate different forms of strategies (e.g., tailor-
ing, self-tracking) that are helpful to maintain a certain
behavior [113, 114]. To our knowledge, there is no study
that compared these different approaches within care
settings, yet. Therefore, with this study, we detect new
insights into the most beneficial composition of the pro-
gram with respect to adherence according to the accept-
ance rates.

Further, moderators for intervention effects will be
analyzed. For instance, a higher degree of usability for
younger participants vs elderly participants may be
apparent. However, it has recently been shown that
elderly people are improving their e- and mHealth liter-
acy [115]. Thus, whether or not relatively young partici-
pants profit more from the current intervention will be
analyzed.

In summary, this trial integrated evidence-based con-
tents demonstrating positive effects on stress manage-
ment and converted these contents for the use of digital
health in the context of healthcare work. Moreover, the
approach integrates individualization to the digital offers
to improve effectiveness and adherence.

Limitations

This study comes with limitations: The participants will
be asked to fill in questionnaires that come with known
issues such as social desirability, tendency to the middle,
common method bias, and subjectivity due to self-per-
ception. Further, a lack of time in a highly stressed popu-
lation that nurses are may lead to answering under time
pressure and thus not reading the questions of the sur-
vey with necessary attention. Another possible limiting
factor can be the interchange about the health promo-
tion programs between nurses in different groups which
might cause changes in the waiting control group. Fur-
ther, work culture, team environment, and management
can affect intervention uptake and thus the interventions
effectiveness.

Practical implications

The current study can provide useful information
for workplace health promotion interventions aimed
to improve work ability of health care workers. This
large-scale trial is the first to assess the feasibility of an
mHealth intervention for a highly stressed target group
that requires special societal attention as nursing short-
ages are present in many countries. To counter health
care worker disease and job turnover, health promotion
experts should consider both the positive preliminary
results and issues pertaining to adherence and partici-
pant attrition.
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Trial status

By the time of submission of this study protocol, we
have already received a positive ethics vote from the
local ethics committee of the Technical University of
Berlin, as well as successfully registered the study with
the DRKS (German Registry for Clinical Trials; availa-
ble on https://drks.de/search/de/trial/ DRKS00024605).
We are currently in the participant recruitment phase.
At the time of the initial study protocol submission, we
entered the recruitment phase. We began recruiting in
April 2021 and completed in March 2022. In parallel to
the recruitment phase, the first facilities initiated the
measurement phase. To date, data measurement has
started in September 2021.
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Abstract:

Consequences of chronic distress in healthcare professionals are well established. Yet, implement-
ing and evaluating high-quality interventions to improve distress coping in this setting remains
deficient. Individualized mHealth interventions including sensor feedback represent a promising
approach. This study examined whether individualized, sensory mHealth interventions focusing
on stress and physical activity can improve distress coping in healthcare professionals. This multi-
arm, parallel group randomized controlled trial compared five intervention groups, representing
different levels of individualization (study arms: 1=WBT, 2=WBT+Need, 3=WBT+Need+Coaching;
4=APP+Biofeedback, 5=App+Biofeedback+Healthreport), with a control group. Both, questionnaires
(Limesurvey) and ECG- and accelerometry-based sensory data (Mesana Sensor; HRV and physical
activity data) were assessed at baseline and after eight weeks. 170 of 995 eligible participants (26%)
completed post measurement (1: N=21; 2: N=23, 3: N=7; 4: N=34; 5: N=16, Control: N=69). MANOVA
indicated small to moderate time*group interaction effects for physical activity related outcomes
MVPA and inactivity-disruption in studyarms 4 and 5, but not for Steps/day and inactivity. Stress-
related HRV parameters did not change over time. Despite high dropout rates and complex study
design, individualized interventions revealed initial effects on physical activity, but not the expected
effects on stress-related outcomes. Thus, intervention duration was not sufficient to induce physio-
logical adaptations associated with improved distress unlike changes in physical activity behavior.

Keywords: biofeedback; tailoring; digital health, nurses, ECG, Sensor, eHealth, heart rate variabil-
ity, accelerometry, healthapp

1. Introduction

Occupational psychosocial stress can increase the risk of developing psychological,
musculoskeletal, or cardiovascular diseases [1,2]. Healthcare professionals are particu-
larly prone to experience exceptionally high levels of occupational stress [3] leading to
serious individual, organizational, and societal problems as for example shortages of
skilled professionals [4]. Also, more than one in four nurses consider leaving the profes-
sion [5]. Additionally, healthcare institutions often fail to retain long term personnel, ex-
posing healthcare professionals to a vicious cycle of stress [6]. This is consistent with find-
ings from previous studies indicating higher occupational distress in health care occupa-
tions than in other occupations [7]. Recurring stressors in health organizations include
high work demands, leadership style, few participation opportunities for work structur-
ing, emotional burdens, lack of appreciation, and work-family conflicts [8,9]. In turn, these
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stressors may influence recreational activities of the affected persons. For instance, sleep
and physical activity levels have been found to be poor in stressed individuals [10,11].
Frequent or chronic occupational distress results in serious health consequences. If work-
related demands outweigh individual, social, and organizational resources [12] affected
individuals may incur psychological and physiological consequences such as sleep disor-
ders, gastrointestinal complaints, burnout, diabetes, and coronary heart disease [13-16].
In severe cases, inability to work can lead to long-term sickness absenteeism [17].

In general, psychosocial stressful stimuli activate neuronal, neuroendocrine, and en-
docrine pathways. Thus, a physiological response to stress occurs, among others, at the
neurological level, through receptors of the sympathetic nervous system that stimulate
the sympatico-adrenomedullary axis. The hormones adrenaline and noradrenaline are re-
leased in the adrenocortical medulla, leading to an increase in heart rate and a decrease in
heart rate variability (HRV) under physical or psychological stress [18]. Such biological
responses to stressful stimuli may be adaptative. However, extreme, frequent, or chronic
activations of stress axes may be detrimental to health and may be assessable via HRV
[19,20]. Chronically low HRYV is associated with impaired regulatory and homeostatic
functions of the autonomic nervous system, which reduce the body's ability to cope with
internal and external stressors. For instance, individuals with lower HRV were more likely
to report poorer quality of sleep in the context of chronic stressor exposure than individ-
uals with higher HRV [21]. Thus, HRV measurement is a noninvasive method that can be
used to measure the autonomic nervous system in a variety of settings [22]. For instance,
it has been shown that in response to stress-inducing tasks, such as the Trier Social Stress
Test, individuals show low parasympathetic activity, characterized by a decrease in High
Frequency Power (HF) and an increase in Low Frequency Power (LF) HRV values [22-
24]. The Standard Deviation of Normal-to Normal heart beats (SDNN value) represents
an index of physiological resilience to stress. When HRYV is elevated and irregular, SDNN
increases. On the other hand, chronic (occupational) stress is linked to a decrease in the
SDNN [22,25]. A low Root Mean Square of Successive Differences (RMSSD) value can also
be an indicator of stress, with values lower in chronically stressed vs. non-stressed indi-
viduals [18,24,26]. However, it should be noted when evaluating HRV data that - beyond
psychological stress - certain influencing variables must be considered. Age hasa signif-
icant influence on HRV. It initially increases with age, peaks in young adults, and then
decreases with increasing age [27,28]. In addition, BMI correlates positively with sympa-
thetic activity [29] and thus negatively with HRV [30,31], whereas regular physical activity
is associated with an increase in HRV [32].

While health complaints are frequently observed, there are personal and organiza-
tional resources which can improve resilience toward occupational stress [33,34]. Personal
resources concerning coping qualities include social support, coping style, self-efficacy
and optimism [35]. Pertaining to organizational resources, a recent systematic review
identified supervisor support, job autonomy, and provision of work equipment to mini-
mize stress [36]. Stress may also affect healthcare professionals differentially[43]. For in-
stance, nurses exhibit less health behaviors [e.g., physical activity] than physicians, phar-
macists, and administrative health personnel [37]. According to Gerber and Piihse [38]
physical activity may exert a stress-buffering effect and thus protect against physical and
psychological illness. Although a variety of stressors exist in healthcare professionals, ev-
idence suggests that perceived stress can be reduced through the participation in stress
management interventions.

For instance, mindfulness programs improve quality of life, anxiety, stress percep-
tion and sleep quality [39,40]. Physical activity-based studies showed improvements in
autonomous nervous system function [41], accelerometric factors such as steps per day
[42], BMI, sedentary behavior, MET, and physical activity levels [43]. Physical activity can
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help reduce stress by improving physical and emotional well-being across at least three 98

pathways. (1) It reduces the release of stress hormones: During physical activity, endor- 99
phins are released, which increase well-being and decrease the release of stress hormones 100
such as cortisol, (2) physical activity promotes relaxation: Physical activity can help relax 101
muscles and release tension that builds up during stress, and (3) physical activity im- 102
proves mental health: physical activity can help reduce symptoms of depression and anx- 103
iety and improve self-esteem [44,45]. 104
105
Within the health care sector, efficacious stress reduction programs include Yogaand 106
gigong [45], cognitive-behavioral interventions such as resilience training [46], Mindful- 107
ness-based stress reduction (MBSR) [47] or multimodal combinations of aforementioned 108
intervention types [48]. According to literature, four tasks that need to be completed when 109
designing individual-level interventions for healthcare professionals: identifying barriers, 110
selecting intervention components, using theory, and engaging end-users [49] The length 111
of a health intervention will depend on a variety of factors, including the specific health 112
problem being addressed, the goals of the intervention, and the resources available. Some 113
health interventions may be short-term, lasting only a few days or weeks, while others 114
may be long-term, lasting months or years [50]. In general, it is important to carefully 115
consider the length of a health intervention and to ensure that it is sufficient to achieve the 116
desired goals. Short-term interventions may be appropriate for addressing acute health 117
problems or for providing targeted support for specific populations. However, long-term 118
interventions may be necessary for addressing chronic health problems or for addressing 119
more complex health issues that require sustained support and intervention [49]. Itis also 120
important to consider the sustainability of a health intervention and to ensure that it can 121
be maintained over the long term. This may involve developing strategies for funding, 122
staffing, and resource management, as well as engaging community members and other 123
stakeholders in the planning and implementation of the intervention . 124
125
Despite the plethora of studies confirming the efficacy of stress reduction interven- 126
tions, the evidence for health personnel is insufficient. Study rigor issues, for instance low 127
total intervention time, small sample sizes, and high dropout rates undermine interven- 128
tion quality [51]. Further, elevated risk of bias due to lack of both appropriate study de- 129
signs and follow-up measurement points are common [45]. The poor evidence base in the 130
field of study is due to organizational, social, and individual reasons. According to Zhang 131
et al. [52], participation in health promotion campaigns in health care facilities is often 132
aggravated by various barriers. Specifically, poor communication between management 133
and staff, colleague peer pressure, insufficient staffing, top-down decision-making, and 134
budget constraints can impede participation rates. Additionally, healthcare personnel are 135
difficult to reach due to low motivation to change, low self-efficacy, and high psycholog- 136
ical and physiological demands [53]. Moreover, due to differences in individual and or- 137
ganizational resources, stress management interventions should be individualized to the 138
specific needs of participants. One possibility is to categorize subjects in terms of coping 139
style when facing challenging work situations [54]. Further, individual preferences for 140
health promotion are apparent. For instance, health and other non-health related out- 141
comes [e.g., the value of a healthy future self and time costs, respectively] have differential 142
impacts on the decision to engage in stress management [55]. Thus, one-size-fits-all inter- 143
ventions [56] should not be adapted for vulnerable populations as intervention success is 144
limited [57]. In sum, to counteract stress effects in health personnel, low-cost, easy-to-im- 145
plement, setting-specific, and need-individualized health promotion interventions are 146
necessary. One way to address these issues are digital interventions, especially when de- 147
livered via a mobile device (mHealth). 148
149
Recent developments and studies highlight the opportunities of digital interventions 150

to address the described concerns for implementing and evaluating interventions in the 151
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health care sector and the current stage of change readiness. mHealth interventions yield 152
the potential to address stress in a low-cost, easy-to-implement fashion [58] with existing 153
evidence for stress-reducing effects in different occupational settings [59]. Interestingly, 154
internet-based interventions have been rarely implemented in the healthcare sector so far 155
[60]. 156
157

Digital health promotion programs can come in different modalities: Web-based 158
trainings (WBT) are presented on a secured online platform and assessed through an in- 159
ternet browser either on a smartphone or on a computer/laptop [61,62], whereas app- 160
based interventions are delivered via smartphone application only [60]. However, there 161
are also hybrid forms such as web apps. mHealth Interventions can be a low-threshold 162
opportunity for health promotion and are a promising possibility to achieve prevention 163
goals [63]. The free allocation of time and flexibility of availability were evaluated on a 164
positive note. Combining such apps with so-called “wearables”, such as smartwatches or 165
fitness trackers, could be a promising approach to continuously record health data and 166
thus constitute various opportunities in the context of prevention work (Gamification, Just 167
in time adaptive interventions). By implementing wearable devices into mHealth appli- 168
cations (apps), health-related data (e.g., sleep patterns, eating patterns, and exercise) could 169
be recorded and respective need-tailored interventions be derived [64]. Previous studies 170
already showed positive effects of stress apps on wellbeing. Harrer et al. [65] for example 171
found that app-based stress management interventions improved stress, anxiety, and de- 172
pression in college students. Another example stems from research by Economides et al. 173
[66] who found that a mindfulness app intervention reduced stress and irritability, while 174
it also increased positive affect. At the same time, expectations towards health apps are 175
high, 70% of health app users believe that these can strengthen self-motivation and 56% 176
think that app use can improve health education [67]. 177
178

In order to establish long-term health behavior changes in healthcare workers, an 179
elevated level of adherence motivation during the intervention implementation is neces- 180
sary, and therefore individualized approaches may be beneficial. Often, the adherence to 181
digital health promotion programs is low, which reduces their effectiveness [68]. Individ- 182
ual tailoring [69,70] or gamification could be approaches to address this problem. A meta- 183
analysis, showed that web-based individualized interventions clearly outplayed generic 184
interventions with respect to health behavior change [70]. In particular, non-individual- 185
ized interventions were found to decrease user satisfaction [71]. However, the definition 186
of an individualized health app remains unknown due to the lack of a framework for 187
individualized app elements [72]. In the context of mHealth, individualization is defined 188
as an adaptation to the needs or special circumstances of an individual and the lack of 189
such is cited as one of the main barriers that prevent patients from behavior change. 190
[73,74]. Individualized interventions (sometimes also called adaptive, needs-specific, tar- 191
get group-specific, tailored, or personalized interventions) offer a potential way of deliv- 192
ering person-centered interventions by varying levels of individual needs and empower- 193
ing individuals to monitor their health actively [75]. In one of the few reviews that address = 194
this issue, the authors enumerated the individualized elements in the app and determined 195
the level of individualization of mHealth intervention [76]. The evidence of this review is 196
clear, however, there is a wide range of potential approaches for individualization, and 197
these are often accompanied by established behavior change mechanisms. 198
199

Potential opportunities for individualization are (1) the adaptation of intervention 200
content to individual needs for behavior change (2) individual coaching based on inter- 201
vention results (3) direct biofeedback via app and sensor interfaces (4) visualization of = 202
health data e.g. in the form of health dashboards or health reports or (5) the adaptation of 203
content based on psychological characteristics, such as personality traits. Needs assess- 204
ment, health reports and coaching have already been discussed above. The most 205



Sensors 2022, 22, x FOR PEER REVIEW 5 of 20

commonly used devices in biofeedback differed depending on the outcome of the evalu- 206
ation. For physical activity parameters ActiGraph accelerometer (Actigraph, LLC, FL), 207
SenseWear wristbands (BodyMedia, Inc., PA), Actical (Mini Mitter Co., Inc., OR), or Ac- 208
tive style Pro (Omron Healthcare Co., Ltd., Kyoto, Japan) are the most common [77]. Ac- 209
celerometer sensors are devices that measure acceleration or changes in movement or po- 210
sition. They are commonly used in a variety of applications, including smartphones, fit- 211
ness trackers, and wearable devices. 212
213

Advantages of accelerometer sensors include: (1) High sensitivity: Accelerometer 214
sensors are highly sensitive and can accurately measure even small movements or 215
changes in position; (2) Compact size: Accelerometer sensors are small and lightweight, 216
making them easy to incorporate into a variety of devices and systems; (3) Low power 217
consumption: Accelerometer sensors have low power requirements and can operate for 218
long periods of time without needing to be recharged; (4)Versatility: Accelerometer sen- 219
sors can be used in a wide range of applications, including motion sensing, activity track- 220
ing, and gesture recognition. Potential disadvantages of accelerometer sensors include: (1) 221
Limited accuracy: While accelerometer sensors are highly sensitive, they may not be as 222
accurate as other types of sensors, such as gyroscopes, in certain applications; (2) Vulner- 223
ability to noise: Accelerometer sensors may be prone to interference or "noise" from exter- 224
nal sources, which can affect their accuracy and performance, (3) Limited range: Accel- 225
erometer sensors may have a limited range of movement or acceleration that they can 226
measure, depending on the specific device or application. Nevertheless, accelerometer 227
sensors are useful and versatile devices that have a wide range of applications. However, 228
it is important to consider the potential limitations and challenges of using accelerometer 229
sensors in order to ensure the best possible performance and accuracy. 230
231

For stress-related parameters, photoplethysmography (PPG) based wearable devices 232
such as earlobe sensors, blood pressure monitors, finger bracelets and wristwatches, or 233
electrocardiogram (ECG)-based devices such as chest belts or patches are commonly used, 234
with the latter exhibiting higher sensitivity and specificity values [78]. ECG sensors are 235
devices that measure the electrical activity of the heart and are used to diagnose a variety 236
of cardiac conditions. Advantages of ECG sensors include: (1) Non-invasive: ECG sensors 237
are non-invasive and do not require any penetration of the skin or tissue, making them 238
relatively safe and painless to use; (2) High sensitivity: ECG sensors are highly sensitive 239
and can accurately measure the electrical activity of the heart, even in the presence of noise 240
or interference; (3) Portability: ECG sensors are portable and can be used in a variety of 241
settings, including hospitals, clinics, and home care settings and (4) Versatility: ECG sen- 242
sors can be used to diagnose a wide range of cardiac conditions, including arrhythmias, 243
heart attacks, and coronary artery disease. Potential disadvantages of ECG sensors in- 244
clude: (1) Limited accuracy: While ECG sensors are highly sensitive, they may not be as 245
accurate as other diagnostic tests, such as echocardiography, in certain situations. (2) Vul- 246
nerability to interference: ECG sensors may be prone to interference or "noise" from exter- 247
nal sources, such as electrical devices or electromagnetic fields, which can affect their ac- 248
curacy and performance and (3) Limited scope: ECG sensors can only measure the elec- 249
trical activity of the heart and do not provide information about the structure or function 250
of the heart or other organs. Overall, ECG sensors are useful and valuable diagnostic tools 251
that have a wide range of applications. However, it is important to consider the potential =~ 252
limitations and challenges of using ECG. 253
254

Beside sensory based biofeedback, another approach to design individualized digital 255
solutions could be the integration of personality traits. A smartphone app that focuses on 256
stress reduction may firstly focus on personality characteristics, as studies showed that 257
personality characteristics are associated with specific coping behavior [79], app usage 258
behavior, and receptivity to gamification elements [80]. Implementing personality traits 259
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into mHealth interventions offers the opportunity to systematically individualize the con- 260
tent. Besides the adaptation to personality, it is also necessary to address health behavior 261
change intention. Thus , if participants are not intending to change their activity levels 262
and stress coping behavior, the intervention might fail to succeed. However, the interven- 263
tion could be tailored to target the individual at the current stage of health-related behav- 264
ioral change. In summary, for the development of a digital health intervention, the specific 265
combination of different components has to be considered. These are: (1) evidence based 266
feasible interventions, (2) tailoring and individualization and (3) additional elements to 267
gain adherence and long-term usage. 268
269

Therefore, the present study aims to compare both web-based vs. app-based and in- 270
dividualized vs. non-individualized stress management interventions in terms of their ef- 271
fectiveness. The main research question is whether eight weeks of differentially individu- 272
alized sensor-based mHealth interventions (1 = WBT, 2 = WBT + Need, 3= WBT + Need + 273
Coaching; 4 = APP + Biofeedback, 5= App + Biofeedback + Healthreport) focusing on stress 274
management and physical activity can impact HRV related stress parameters (SDNN, 275
RMSSD, LFHF & Baevsky Index) and accelerometry related physical activity parameters 276
(Steps, MVPA, Inactivity & Inactivity disruption) and therefore improve distress coping 277
in health professions. We hypothesize that individualized interventions will have small 278
to moderate positive effects for physical activity and stress-related outcomes in relationto 279
distress coping in health professions, whereas non-individualized interventions will not 280

show significant effects. 281
2. Materials and Methods 282
2.1. Trial Design 283

This multi-arm parallel group randomized controlled trial (including five interven- 284
tion groups) was conducted and described [76] according to the CONSORT guidelines 285
[81], including the necessary extensions [82,83]. All participants of the intervention groups 286
received a digital intervention. Both, questionnaire and sensory data were assessed at 287
baseline (T1 pre-intervention assessment) and at eight weeks (T2: Post-Intervention as- 288
sessment). However, this paper only refers to the sensory data. The five intervention 289

groups were conducted as follows (see table 1): 290
Table 1: Brief description of intervention groups 291
No. Intervention Type Need Biofeedback Coaching Report
1 Web—bas§d digital stress management Web- No No No No
intervention based
2
. . oital :
Web-based need orl.ented dlglta Web Yes No No No
stress management intervention based

3  Web-based need-oriented digital
. . . Web-
stress management intervention with Yes No Yes No

telephone coaching based
4  App-based personality specific digital A
stress management interventions baI:s)S d No Yes No No

with sensory biofeedback

5 App-based personality specific digital
stress management intervention with ~ App-
sensory biofeedback and health re- based
port

No Yes No Yes

292
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2.2. Participants 293

The trial included multiple healthcare professionals (nursing staff and office work- 294

ers) aged 18 years or older. No clinical patients were involved in the proposed study. An 295
a priori power analysis with G*Power [84] indicated the necessity of at least 700 partici- 296
pants to show moderate effect strengths (0.25) with a beta error of 80%. The executives of 297
collaborating hospitals, stationary elderly care facilities and ambulatory care providers 298
forwarded an explanatory video to their employees via in house communication net- 299
works, whereupon they voluntarily entered their contact details into an online tool to reg- 300
ister for the study. Fluency in German language as well as internet access via a 301
smartphone device were prerequisites for study participation. In order to improve adher- 302
ence to interventions, a user centered approach was chosen to integrate experiences and 303
test the functionality of the app internally and externally. After agreeing to participate, 304
numerous reminder emails were created, which were automatically sent to the partici- 305
pants if they failed to order the sensors or missed the registration. 306
307

To prevent selection bias, the allocation of participants to the intervention- and con- 308

trol groups was randomized . The random allocation at individual level was conducted 309
with the tool Research Randomizer [85] using continuous block randomization. Sets of six 310
numbers were generated, representing the differing number of study and control groups. 311
Each participant was then assigned the subsequent number on the block randomization 312
list for group assignment. As participants were assigned to an intervention group or the 313
waiting control group by lot, no further mechanisms of implementing the allocation se- 314
quence were needed. Unblinding of the data assessors was not necessary. 315
316

Trial participants were informed about which intervention group they were assigned 317

to as they needed to receive the respective information to complete all necessary infor- 318
mation and access the digital intervention programs. Furthermore, participants were in- 319
formed in advance to ensure the intervention is implemented during working hours and 320
outside of vacation periods. The data collection of primary outcomes was also blinded, as 321
participants self-completed the online questionnaire and the sensor screening was simi- 322
larly conducted without the involvement of a third party, as participants self-applied the 323
sensor to their bodies. All data analyses were conducted by blinded evaluators. 324

2.2. Interventions 325

There were five different intervention scenarios (studyarms), each including a WBT 326

or an app, and each with various levels of individualization. The App Interventions in- 327
cluded individualization according to the AVEM personality type (work-related behavior 328
and experience pattern) [86]. This trial became particularly complex due to the need ori- 329
entation of the WBT interventions. Depending on the needs of a person, the participant 330
was assigned to a different WBT. For example, someone with insufficient physical activity =~ 331
and severe obesity has been recommended a WBT for weight loss, while someone suffer- 332
ing from high stress levels has been recommended a WBT with autogenic training or 333
mindfulness. For this reason, a detailed list of the content covered in the respective app or 334
WBTs is provided in Table 2 below. 335
336

Likewise, the distinguished stress and physical activity-specific content of the inter- 337
ventions can be inferred from the table. The app-based study arms featured higher levels 338
of individualization than the WBTs. The content of the app-based mHealth interventions 339
(study arms 4 and 5) was also developed exclusively for use on a smartphone (see Figure 340
3 for insights into UI design), whereas the WBT-based mHealth interventions (studyarms 341
1,2 and 3) could also be accessed using a web browser on a desktop computer. 342
343

344
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Table 2: Detailed list of study arm specific intervention modules ((x) = it depends on study arm if

this individualized feature occurs)

Focus Sub focus

App

WBT

Nutrition

Weight loss

Physical Activity

Spine Gymnastics

Mindfulness

Hatha Yoga

Sleep and Stress

Autogenic training

Direct biofeedback
AVEM patterns
Telephone coaching
Health Report
Need orientation

Individualiza-
tion

)
)
x)

)
()
x)

()
x)

)
()
)

)
()
)

()
)

Problem-focused
Deep breathing
Mindfulness
Goal setting
Gratitude journal
Positive psychology
Autogenic training
Muscle relaxation
Body perception
Stress physiology

Stress and relaxation

X X X X X X X X X

X X X X X X X X

X

X X X X X

X X X X X X

Stretching and yoga
Fascia training
Behaviour change
Activity habits
Endurance training
Anatomy
Spine health

Physical activity

F 9u41n 2%l ¥ 9u41n

00:27 -02:00
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§

< Aremmeditation ) i < Donners
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Mein Ruhepuls

(a)

Figure 1: Ul-Design of the App (a) breathing meditation user interface; (b) user interface of the land-

(b)
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@ AutogenesTraining
Element

A
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ing page with a brief summary of vital parameters; (c) training progress user interface

345
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2.2. Outcomes 354

The assessment applied a selection of standardized questionnaire measures as well 355
as sensor-based physiological and vital parameter measures (measured by Corvolution 356
CM300 [87], which includes ECG circuit, 3-axis acceleration and rotation rate chip, air 357
pressure chip, thoracic impedance chip and temperature chip) [88,89]. The sensitivity of 358
patch-based ECG sensors such as this is 93.4-97.0%, and the specificity is 95.6-98.8% [78]. 359
Additionally, demographic characteristics, such as age, gender, and job hierarchy were 360
assessed via standardized questionnaires within Limesurvey 5.4.15 [computer software] 361
[90]. The detailed description of all parameters can be found in the study protocol [76]. 362
However, the current study focused on the sensory datasets in the stress and physical 363

activity domains. The following parameters were considered (see table 3 below): 364
365
Table 3: Summary and description of relevant outcome parameters 366
Parameter Unit Description [91]
SDNN ms Standard deviation of all RR intervals includes fluctuations over shorter as
well as more widely divergent time periods.
RMSSD ms Square root of the squared mean value of the sum of all differences of succes-

sive RRintervals. Marker for selective assessment of efferent vagus activity
and parasympathetic influence on the heart.

LF/HF ratio % Quotient of LF and HF: LF = power density spectrum from > 0.04 to 0.15 Hz,
percentage LF of the full spectrum. This parameter characterizes the potency
of the low frequency components and can be attributed to parasympathetic as
well as sympathetic activity; HF = power density spectrum from > 0.15 to 0.4
Hz, percentage HF of the full spectrum, mediated by respiratory-induced
modulations of parasympathetic activity.

Beavsky Index Measure for characterizing recorded ECG signals or RR intervals. Reflects the
degree of central control of the heart rhythm and characterizes the activity of
the sympathetic part of the autonomic nervous system (VNS). It serves as an
indicator of shifts in the balance of the VNS, i.e., changes in the balance be-
tween the effects of the sympathetic and parasympathetic nervous systems.

Steps Counts/day  Accelerometer measured number of steps taken per day.

MVPA Min/day Accelerometer measured time spend in moderate to vigorous physical activ-
ity per day.

Disrupt Counts/day  Accelerometer measured inactive period disruption counts. Counting occurs

when a > 30-minute period of inactivity is interrupted with physical activity.
This parameter serves as a measure of behavior change.

Inactivity Min/day Inactivity or sedentary behaviour is defined by any waking behavior charac-
terized by an energy expenditure <1.5 metabolic equivalents of task [METs]
while in a sitting, reclining, or lying posture [92].

2.2. Analysis 367

Although three measurement points were originally planned, this analysis includes 368
a pre-post comparison only, since insufficient sample size was available for a three-stage 369
analysis. The baseline measurement (T1) was first conducted on participants immediately 370
prior to the start of the interventions. The post-intervention measurement was conducted 371
immediately after the completion of the interventions (T2). The same variables were meas- 372
ured at both measurement time points, namely physiological stress, exercise parameters, 373
perceived stress, satisfaction with the digital intervention, personality, work-related be- 374
haviors, and team conflict. The measurement instruments utilized at each time point are 375
described in the study protocol, including information on reliability and validity. To pro- 376
mote data quality, only evaluated scales that have been shown to be reliable and valid in 377
previous studies were used. The collected data was pseudonymized and processed innu- 378
merical form. For the purpose of this statistical analysis, only primary sensor-based out- 379
comes were analyzed using SPSS, JASP, and R-Studio software. The study allows for com- 380
parison between the five intervention groups and the control group. Additionally, partic- 381
ipation rates were included in the analyses. Descriptive statistics were used to examine 382
the characteristics of the sample. Within subject differences between the intervention 383
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groups and the control group were tested for using group*time effects in a MANOVA, 384

Bonferroni tests, and linear mixed models. 385
3. Results 386
3.1. Flow-chart 387

Based on the results of an a priori power analysis and an expected dropout rate of 388
20% (this appeared to be a realistic participation rate in previous intervention studies in 389
different small and middle-sized companies [93]), we were able to out-recruit slightly and 390
obtain a total of 995 participants from multiple institutions. We started the eligibility as- 391
sessment in June 2021 and completed the data collection in June 2022. Among the 995 392
eligible participants, 113 failed to respond to contact attempts and 239 retrospectively de- 393
clined to participate due to lack of time or illness. Therefore, merely 643 participants were 394
assigned to the study groups and received interventions (see Figure 2). Due to organiza- 395
tional (e.g., shift work, lack of time), technological (e.g., synchronization errors, outdated 396
operating system), and physiological reasons (e.g., allergies, illness, or arrhythmias), a to- 397
tal of 258 subjects were unable to complete the baseline measurement despite receiving 398
the sensor and the intervention. We further lost 218 subjects to follow-up measurement. 399
This resulted in the analysis of a total of N = 170 participants, which corresponds to a total = 400
dropout rate of 74%. Studyarm-wise, 16% of participants completed the post measure- 401
ment after the app intervention + biofeedback, 18% after the WBT intervention, 19% after ~ 402
the app intervention + biofeedback + health report, 20% after the WBT intervention + need 403
orientation + coaching and 33% after the needs-based WBT intervention. 404

Assessed for eligibility

Excluded
239 declined to participate
113 didn’t respond to mail

Randomized to sequence

Allocated to Allocated to Allocated to Allocated to Allocated to Allocated to
intervention 1 intervention 2 intervention 3 intervention 4 intervention 5 control group
WBT WBT WBT App App
+Need +Need +Biofeedback +Biofeedback
+Coaching +Healthreport
Pre- Pre- Pre- Pre- Pre- Pre-
Intervention Intervention Intervention Intervention Intervention Intervention
Assessment Assessment Assessment Assessment Assessment Assessment
Post- Post- Post- Post- Post- Post-
Intervention Intervention Intervention Intervention Intervention Intervention
Assessment Assessment Assessment Assessment Assessment Assessment

Included in analysis

405

Figure 2: Consort Study flow for multi-arm parallel group randomized controlled trials [81-83] 406
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3.1. Baseline Data and main analysis

Table 4 reports the descriptive values and statistics of each measurement point (Pre-
Intervention Assessment and Post-Intervention assessment) and each study arm. The par-
ticipants were analyzed in their original assigned groups. There were no significant dif-
ferences in baseline demographics between the intervention and control groups. Further-
more, participants lost to follow-up were not significantly different from those consid-
ered. Across all study arms, there were more female than male participants in the sample.
The average age of participants at baseline was 41.1+10.9 years. The group size of the
study arms was not identical and varied from 34-203 participants per group at baseline to
7-69 participants per group at post assessment. The statistical analysis (MANOVA) indi-
cated significant time*group effects for the two physical activity-related outcomes MVPA
minutes as well as inactivity disruption counts. Post-hoc-analysis revealed individualized
app study arms (4 and 5) to be significantly different from the control group and less in-
dividualized WBT study arms (1, 2 and 3) in these outcomes. Participants in study arm 4
increased their activity time by 72.5+45 minutes and participants in study arm 5 by
69.3+11.7 minutes, whereas in all other study arms and the control group, activity time
decreased. A similar pattern can be seen for inactivity disruptions: While the number of
inactivity disruptions per day increased significantly in app trials by 4.9+3.5 in studyarm
4, and 5+1.5 in studyarm 5, respectively, it decreased in all other study arms and the con-
trol group. In addition, time*trialgroup (intervention vs control group) and time*interven-
tiontype (app vs WBT) effects have also been tested. The results showed significant effects
on the same outcome variables, although the magnitude of the effect was smaller. All
stress-related outcomes (SDNN, RMSSD, LFHF and Baevsky Index), as well as the other
physical activity-related outcomes (Steps and Inactivity), did not differ significantly
across measurement time points or among study arms.

Table 4: Baseline values for Pre- and Post-Intervention Assessment and ANOVA statistics

Pre-Intervention Assessment Post-Intervention Assessment MANOVA
studyarm Con- Over- studyarm Con- Over- time*group
1 2 3 4 5 trol all 1 2 3 4 5 trol all F(1,5) p n’p
Gender

ale n 12 4 2 43 21 20 102 7 0 1 3 3 52 66
% 29 10 13 47 38 14 265 333 0 143 187 8.8 754 388
femal n 29 36 13 48 34 123 283 14 23 6 13 31 17 104
emae % 71 90 87 53 62 86 735 666 100 857 813 912 246 412

A X 424 406 390 408 416 424 411 458 402 426 426 443 409 427 0.888 0.489 0.008
8¢ s 121 112 98 106 115 102 109 106 95 9.3 97 107 105  10.0

BMI X 261 275 249 264 278 267 266 258 291 261 280 267 268 271 0177 0971 0.002
s 71 5.3 46 6.6 7.0 6.0 6.1 3.9 9.0 5.0 74 6.3 6.1 6.3

Steps X 7925 8541 8535 7588 6609 8074 7879 6402 8720 8956 8129 6876 7562 7774 0794 0555 0.008
counts/day s 4253 2827 3255 3025 2716 3509 3264 2745 3121 4774 3726 3010 3062 3406

MVPA X 3750 4354 4023 3424 2926 3872 3725 3118 4333 3456 4148 3620 3168 3640 5.826 <.001 0.057
min/day s 1314 866 1049 1415 1174 1188 1168 954 1068 1250 957 1291 1235 1126

Inactivity X 287.8 213.0 2272 1827 2310 2542 2327 3583 1832 2847 1926 2809 2266 2544 2181 0.055 0.022
min/day s 1503 1135 1385 811 1124 1375 1222 1561 1083 1370 721 1427 1202 1227

Disruption X 273 283 269 232 214 266 256 253 275 256 281 264 222 259 112 <.001 0.100
counts/day s 4.8 3.3 2.9 7.5 6.5 4.7 4.9 4.6 4.4 2.9 4.0 5.0 7.2 4.7

SDNN x 503 473 473 495 497 489 488 506 470 436 472 480 512 479 0609 0.693 0.006
ms s 110 113 128 9.3 125 114 114 110 109 103 109 122 120 112

RMSSD X 284 285 274 283 293 279 283 286 273 270 261 276 299 277  0.697 0.626 0.007
ms s 75 10.6 9.0 7.4 9.8 8.7 8.8 7.7 9.0 9.6 7.3 9.2 9.8 8.8

LFHF X 51 49 5.1 5.7 48 5.0 5.1 46 5.2 44 6.1 47 49 50 0214 0956 0.002
% s 23 2.6 3.7 3.8 2.5 3.1 3.0 2.1 2.5 24 5.9 2.6 2.9 3.1
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279.0
127.5

283.1
159.0

Baevsky X 2413
Index s 96.3

268.0
119.0

263.9
144.9

267.6 2254
136.3 81.6

270.5
171.2

289.3
192.9

307.4
154.1

258.6
106.2

248.5
134.5

268.6
137.3

282.4 0.196  0.964 0.002

154.5

Figures 3 and 4 visualize the significant results from Table 4. In addition to the dif-
ferences in sample size and variance across variables and study arms, this illustrates the
magnitude of effects.
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Figure 3: Grouped raincloud mean value plot of pre-post differences in moderate to vigorous phys-
ical activity [min/day] across study arms and control group.
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Figure 4: Grouped raincloud mean value plot of pre-post differences in inactive period disruption
[counts/day] across study arms and control group.
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4. Discussion 443

This multi-arm parallel randomized controlled trial aimed to investigate the efficacy 444

of multiple differentially individualized sensory-based mHealth interventions to improve 445
distress coping with regard to physical activity and stress related outcomes in healthcare 446
professionals. We hypothesized that individualized interventions would have small to 447
moderate positive effects for physical activity and stress-related outcomes in healthcare 448
professionals, whereas non-individualized interventions would not show efficacy. 449
450

Contrary to our expectations, stress-related HRV-parameters did not show signifi- 451
cant improvements over time, regardless of the study arm or the resulting level of indi- 452
vidualization. Within this context, the stress buffering hypothesis assumes that physical 453
activity and stress perception are closely related constructs [38]. However, to achieve cog- 454
nitive and psychophysical adaptations through physical activity, continuous, specific 455
training according to exercise principles is necessary for sustainable effects [94,95]. These 456
criteria could not have been met within the guidance of the App. To gain positive effect 457
on HRV parameters or subjective reported stress, physical exercise like Yoga or endurance 458
training needs to be performed on a regular basis (Bischoff et al., 2019). Aside the chal- 459
lenges in obtaining the stress-related parameters (discussed in more detail in the limita- 460
tions section), an 8-week intervention may retrospectively be insufficient to activate phys- 461
iological mechanisms that have a stress-buffering effect. Long-term interventions may be 462
necessary for addressing chronic stress symptoms or for addressing more complex health 463
issues that require sustained support and intervention. An even stronger involvement of 464
the participants would have been useful in terms of intervention mapping [50]. Moreover, 465
the lack of supervision during the intervention in the mHealth interventions forced the 466
participants to self-pace the intervention. This is a major disadvantage compared to su- 467
pervised interventions [71-73]. Therefore, we conclude, that this type of mHealth inter- 468
vention should include motivational aspects and guidance to do additional structured 469
physical exercise next to the App use. 470
471

In contrast to the results on the physiological HRV based stress parameters, the in- 472
terventions show positive effects on the accelerometry-based measured physical activity- 473
related outcomes in high individualized app-based study arms (App-based digital stress 474
management interventions with sensory biofeedback without (4) and with healthreport 475
(5)). Strikingly, the small to moderate effects in physical activity typical for mHealth in- 476
terventions [67] could only be shown for the outcomes of moderate to vigorous physical 477
activity [min/day] and inactivity interruptions [counts/day] but not for those of Steps 478
[counts/day] and inactivity [min/day]. Besides the fact that the considered interventions 479
did not have steps and inactivity reduction as a primary goal, the nature of the nursing 480
profession could be another possible explanatory mechanism: Other studies indicate 481
higher step counts in nurses than in other occupations [96] as well as long work commutes 482
and night shifts with long inactive periods [97]. Consequently, while a participant com- 483
pletes the intervention during working hours as instructed, this results in higher levels of 484
moderate to vigorous physical activity and increased inactivity disruptions on the one 485
hand, it inevitably results in elevated, consistent step counts due to patient work and ele- 486
vated, unavoidable inactivity levels due to commutes and night shifts on the other. The 487
findings from our study suggest that the relationship between physical activity and stress 488
may vary depending on the context in which the activity takes place. This supports the 489
idea of the "physical activity paradox,” [98,99] which refers to the idea that the benefits of 490
physical activity may depend on the specific circumstances in which it occurs. Our results 491
suggest that physical activity may be perceived as more stressful when it is part of work, 492
rather than leisure time, which suggests that interventions aimed at increasing physical 493
activity in a work setting may not necessarily reduce stress levels. However, if physical 494
activity is increased without also increasing stress, this could still be considered an im- 495
provement. Overall, these findings highlight the importance of considering the contextin 496
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which physical activity occurs and the need to differentiate between occupational and 497
leisure time physical activity when studying the relationship between physical activity = 498
and stress. 499
500

However, the effectiveness of an app-based intervention seem to be largely depend- 501

ent on design aspects and user-centeredness. Despite all efforts to represent different lev- 502
els of individualization across study arms, it could not be demonstrated which level of 503
individualization is more effective based on effect sizes, as only both app-based interven- 504
tions were able to show significant effects. With respect to our initial hypothesis, we 505
would have assumed that studyarm 1 (WBT only) failed to show effects due to lack of 506
individualization. This idea was supported by the results. It would have been reasonable 507
to suspect that efficacy would increase across the remaining four study arms due to in- 508
creasing individualization. However, no significant effects were found for studyarms 2 509
(need-oriented WBT) and 3 (need-oriented WBT and Coaching). Studyarms 4 (biofeed- 510
back app without health report) and 5 (biofeedback app with health report) each indicated 511
homogeneous effect sizes for the outcomes MVPA and inactivity disruption. Thus, it 512
could be argued, that based on the results of this study, it seems to make no difference 513
whether a health report is displayed or not. However, one possible reason for this result 514
could also be the small sample size in the individual study arms. Due to the high dropout 515
rate, the number of subjects was not sufficient to show the expected moderate effects ac- 516
cording to the power analysis. The results should therefore be interpreted with caution. 517
Nevertheless, the findings further indicate that individualized app-based interven- 518
tions with direct biofeedback and differentiation by personality structure show better ef- 519
ficacy than web-based trainings (WBT) accessed via the smartphone browser. However, 520
one reason for the high dropout rate were technical complaints while using the app-based 521
interventions. With additional effort in the technical aspects this disadvantage could be 522
minimized. Therefore, it remains unclear to what extent the need orientation or the coach- 523
ing, which were exclusive for WBT, would have resulted in a further improvement of the 524
effect size in the app-based interventions. 525
526

One possible explanation for the limited effectiveness of our intervention, in addition 527

to the high dropout rate, is the insufficient incorporation of health behavior change strat- 528
egies. While our biofeedback app included both active and passive behavior change tech- 529
niques and promoted stress management skills, some of the content proposed by Bischoff 530
et al. [100] was not implemented. Specifically, we applied individualization of app con- 531
tent, fulfilling common weekly goals and tasks, increasing knowledge about a healthy 532
lifestyle, reminders for objectives, and controlling and checking progress, but did not in- 533
clude many suggestions for activities with diaries for documentation and development of 534
strategies, or informational or instructional videos. The inclusion of these behavior change 535

mechanisms could potentially enhance behavior change in future interventions. 536
537
.4.1. Strenght & Limitations 538

To the best of our knowledge, this is the first mHealth intervention in the healthcare 539
setting of this quality and complexity in the study design, demonstrating initial effects in =~ 540
the area of physical effectiveness despite a small sample size and not to be despised drop- 541
out rates. Furthermore, it is the first mHealth intervention including multiple study arms 542
with different levels of individualization demonstrating differences in efficacy. 543

544

Nevertheless, the conditions of data collection were difficult, which can be seenasa 545
possible reason for the high dropout rates. The dropout rate of 74% was almost four times 546
higher than expected. This was not least due to the fact that during the COVID-19 pan- 547
demic it was not possible to establish personal contact with the participants. Email based 548
communication does not seem to work well in the healthcare setting, as 113 people were 549
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excluded due to non-response. One potential contributor regarding communication issues 550
and multiple technical inconsistencies could be the evident low level of digital literacy 551
among nurses [101]. Although we were aware of these circumstances when designing the 552
intervention, a potential approach for future interventions could be to provide pre-inter- 553
ventional training and develop digital literacy first. Other reasons for the high dropout 554
rate could be the intervention or the measurement procedure. 555
556

The participation threshold was not sufficiently low for healthcare workers. Exces- 557

sive demands resulted from numerous extensive questionnaires, autonomous sensor or- 558
derings, and the proprietary installation of the app. In addition, the app did not support 559
push notifications and synchronization problems between the app and sensor occurred 560
frequently. With regards to the measurement procedure, it should be noted that the inter- 561
vention had a different initiation time and duration for all participants. They were in- 562
structed to wear the sensor during working hours and for at least 48 hours. We were un- 563
able to identify from the data sensor wearing timing aspects, and whether vacation peri- 564
ods were taken into account. 565

4.2. Future research 566

Future interventions should use a less complex and longer-term study design to sys- 567
tematically demonstrate which individualization mechanisms lead to greater effective- 568
ness of mHealth interventions in terms of distress coping. The focus of future mHealth 569
interventions in the healthcare setting should be as low threshold access as possible, in- 570
cluding push notifications and ideally an on-site project coordinator, who can provide 571
technical support, establish accountability and remind participants to follow procedures. 572
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