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Abstract 

Physical inactivity is a public health concern as it is continually increasing and represents one 

of the major risk factors for the etiology and progression of non-communicable diseases. The 

World Health Organization demands system-based approaches to reduce physical inactivity 

by 15% by 2030 worldwide. Physical activity is a modifiable but complex behavior influenced 

by individual, social, and environmental factors which need to be taken into account in inter-

vention research. Conventional interventions to promote physical activity are increasingly be-

ing replaced by eHealth interventions for reasons of cost efficiency and reach. The original 

research included in this dissertation investigates the feasibility and effectiveness of eHealth 

interventions for the promotion of physical activity in socially disadvantaged populations. In 

pilot study I the feasibility of a smartphone app-supported physical and cognitive training was 

examined in older individuals. Subsequently, a scoping review was conducted to summarize 

the evidence on the feasibility and effectiveness of existing social media-based physical activ-

ity interventions. The results were used to design pilot study II which aimed to examine the 

feasibility of a social network-based intervention targeting vocational school students. The 

smartphone app-supported, combined program turned out to be feasible and appropriate for 

older individuals. The scoping review revealed that the incorporation of Facebook was prevail-

ing in interventions and had positive effects on physical activity, as well as other physical health 

outcomes. However, it was not appropriate for promoting physical activity and secondary 

health outcomes in vocational school students in pilot study II. The findings highlight that par-

ticipatory efforts are needed involving target populations and engaging multi-level stakeholders 

in design and implementation of interventions to generate robust evidence that can be dissem-

inated and will ultimately inform policy-makers on how to create physical activity-promoting 

programs for socially disadvantaged populations that incorporate the social and built environ-

ment.  
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Zusammenfassung 

Die stetig zunehmende körperliche Inaktivität ist eine Herausforderung für die öffentliche Ge-

sundheit, da sie eine der Hauptrisikofaktoren für nicht übertragbarer Krankheiten darstellt. Die 

Weltgesundheitsorganisation fordert systembasierte Ansätze, um körperliche Inaktivität bis 

zum Jahr 2030 weltweit um 15 % zu reduzieren. Körperliche Aktivität ist ein modifizierbares, 

jedoch komplexes Verhalten, dass durch individuelle, soziale und umweltbedingte Faktoren 

beeinflusst wird. Diese Einflussfaktoren gilt es im Rahmen der Interventionsforschung zu be-

rücksichtigen. Konventionelle Maßnahmen zur Förderung körperlicher Aktivität werden aus 

Gründen der Kosteneffizienz und der Reichweite zunehmend durch eHealth Maßnahmen er-

setzt. Die in der Dissertation enthaltenen Forschungsarbeiten untersuchen die Machbarkeit 

und Wirksamkeit von eHealth Interventionen zur Förderung körperlicher Aktivität bei sozial 

benachteiligten Bevölkerungsgruppen. In Pilotstudie I wurde die Machbarkeit eines Smart-

phone App-unterstützen, körperlichen und kognitiven Trainings bei älteren Menschen über-

prüft. Anschließend wurde ein Scoping Review durchgeführt, der die Evidenz zur Machbarkeit 

bestehender sozialer Medien-basierter Interventionen und deren Wirksamkeit auf körperliche 

Aktivität zusammenfasst. Dessen Ergebnisse dienten dem Design der Pilotstudie II, in der die 

Machbarkeit einer sozialen Netzwerk-basierten Intervention bei Berufsschüler:innen getestet 

wurde. Das Smartphone App-unterstützte, kombinierte Programm erwies sich als machbar 

und geeignet für ältere Menschen. Der Scoping Review zeigte, dass Facebook in Interventio-

nen am häufigsten eingesetzt wurde und positive Auswirkungen auf körperliche Aktivität sowie 

andere physische Parameter hatte. Zur Verbesserung der körperlichen Aktivität und anderer 

Gesundheitsparameter bei Berufsschüler:innen, in der Pilotstudie II war es jedoch ungeeignet. 

Die Ergebnisse zeigen, dass partizipatorische Bemühungen erforderlich sind, die Zielgruppen 

und Akteure verschiedener Ebenen in die Gestaltung und Umsetzung der Maßnahmen einbin-

den, um belastbare Erkenntnisse zu gewinnen, die verbreitet und letztlich die Politik darüber 

informieren, wie bewegungsförderliche Programme unter Einbezug der sozialen und baulichen 

Umgebung für sozial benachteiligte Bevölkerungsgruppen geschaffen werden können. 
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1 Introduction 

1.1 Background  

Physical inactivity is a public health concern, as it is continuously increasing, particularly in 

high-income countries. According to estimates, 27.5% of all adults worldwide revealed low 

levels of physical activity (PA) in 2016 compared to only 23.3% in 2010 (Guthold et al., 2018). 

This prevalence is even more pronounced in adolescents aged 11-17 years of whom, in 2016, 

80% were deemed physically inactive globally (Guthold et al., 2020).  

These trends are perturbing, considering that physical inactivity is one of the main risk factors 

for the etiology and progression of non-communicable diseases (NCDs), including cardiovas-

cular diseases, certain cancers, and diabetes mellitus (Lee et al., 2012; Wahid et al., 2016). 

NCDs account for 91% (Institute for Health Metrics and Evaluation [IHME], 2021) of all deaths 

in the European Union (EU) and proportionately cause 30% of all premature deaths (World 

Health Organization [WHO], 2021). The financial and structural burden of NCDs is enormous 

and driven by an aging population and the dissemination of unhealthy lifestyles. Vandenberghe 

and Albrecht (2020) found that cardiovascular diseases, cancers, type 2 diabetes, and chronic 

respiratory diseases impose indirect costs of nearly 2% of EU gross domestic product due to 

a loss of productivity. Additionally, NCDs contribute to approximately 25% of the total health 

spending of the EU. 

The containment of physical inactivity is also a social matter. In line with this, the WHO de-

mands in an updated global action plan a system-based approach adaptable to each country 

to ensure that all individuals, regardless of their social and ethnic background, geographical 

origin, age, gender, and health status have equal chances for a health enhancing active life-

style. The recent global target is a 15% relative reduction of physical inactivity by 2030 world-

wide (WHO, 2018) 
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1.2 Outline 

1.2.1 Theory-based considerations for the design and research of interventions for PA pro-

motion 

Fortunately, PA is a modifiable behavior which can be addressed in interventions or programs 

to move large segments of the world’s population from inactivity to activity to reach the PA 

target outlined above. In the following section, predictors for PA behavior change based on 

theoretical frameworks and complex intervention research are described. 

The current WHO guidelines provide a suitable framework for the design and implementation 

of PA interventions, as they consider different populations and provide practical recommenda-

tions. The recommendation for children and adolescents is to engage in 60 minutes of moder-

ate to vigorous physical activity (MVPA) per day and strengthening, as well as vigorous aerobic 

exercises, on at least three days per week, in order to gain substantial health benefits. Adults 

are advised to engage in 150-300 minutes of PA at moderate intensity or 75-150 minutes at 

vigorous intensity per week. Moderate or intense strengthening exercises of the major muscle 

groups on at least two days per week lead to additional health benefits in adults. Older individ-

uals above the age of 65 years should additionally include multidimensional, functional activi-

ties to improve balance and strength (e.g. dancing), on a minimum of three days per week in 

their exercise regimen (WHO, 2020). 

A sufficient level of PA according to these recommendations has more benefits than only re-

ducing the risk for the onset of chronic diseases. It ameliorates physical fitness, such as car-

diorespiratory fitness, improves e.g. muscle and bone health, and is associated with main-

tained physical functioning in older age enabling individuals to participate in daily life (2018 

Physical Activity Guidelines Advisory Committee, 2018; Lee et al., 2012). While evidence for 

positive effects on dementia is scarce, study results indicate that PA can delay cognitive de-

cline in healthy individuals and individuals with mild cognitive impairment (Blondell et al., 2014; 

WHO, 2019). Especially aerobic exercise has been shown to improve executive function, sig-

nificantly more in women than in men (Barha et al., 2017; Salas-Gomez et al., 2020). Regular 

PA can also affect other mental disorders in a therapeutic or preventive manner. Previous 
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research suggests that PA prevents and reduces symptoms of depression and schizophrenia 

(Belvederi Murri et al., 2019; Rosenbaum et al., 2014), and minimizes signs of anxiety and 

stress (Kandola et al., 2018; Stubbs et al., 2017). Sufficiently active individuals are more likely 

to be mentally healthy and to report better well-being (Chekroud et al., 2018; Sampasa-

Kanyinga et al., 2020; Stubbs et al., 2018). Recent results suggest that especially moderate 

PA leads to improvements in sleep quality among every age group (Wang & Boros, 2021).  

Despite these well-known benefits, the adoption of health enhancing PA is complex and influ-

enced by an interplay of individual, social, and environmental factors. A framework for better 

understanding the underlying mechanisms of individuals' PA behavior is the socio ecological 

model (SEM) by McLeroy and colleagues (1988). This model posits that human behavior is 

determined by (a) intrapersonal factors, (b) interpersonal processes, (c) institutional factors, 

(d) community factors, and (e) public policy. On an intrapersonal level, PA interventions should 

aim to address characteristics of an individual, whereas on an interpersonal level, they should 

focus on social norms regarding PA of existing social networks of an individual. PA interven-

tions addressing factors at the institutional level are supposed to reinforce organizational cul-

tures that are PA or health enhancing. On a community level, programs should strive to build 

collaborations between community stakeholders and use this powerful linkage to offer PA pro-

moting services accessible to all population groups. Interventions addressing the public policy 

level should shape policy-making processes (McLeroy et al., 1988). Figure 1 illustrates the 

model and figure 2 shows an adapted version outlining targets and intervention strategies for 

PA. 
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Figure 1 

The socio ecological model 

 

Adapted from McLeroy et al., 1988 

Figure 2 

The socio ecological model including targets and intervention strategies for PA 

Adapted from McLeroy et al., 1988 

Note. PA = physical activity 
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In the large European joint research program Determinants of Diet and Physical Activity (DEDI-

PAC), factors affecting the uptake and maintenance of PA across the lifespan were investi-

gated from the socio-ecological perspective. On the (inter)personal level, the early uptake of 

PA and free-range conditions that allow for active transportation and parent-independent ac-

tivities were found to be beneficial for an active lifestyle during childhood. In adults, time-con-

suming life events, such as the transition to university or job entry, turned out to be barriers for 

PA engagement (Condello et al., 2017). Social support from relevant others seemed promising 

for facilitating improvements in PA among all age groups (Jaeschke et al., 2017). At the com-

munity level, attractive environments that are safe, easily accessible, well-connected and have 

a balanced infrastructure were positively associated with PA. Evidence about effective imple-

mentation practices and policies, however, is still lacking (Puggina et al., 2017). To conclude, 

the results of DEDIPAC suggest social relationships to play a major role in PA behavior 

change. This mechanism can be explained by Albert Bandura's social cognitive theory (SCT). 

It states that most human behavior is acquired through observational learning from others, 

because it is effortless and preservative of capabilities. Especially individuals we feel con-

nected to can have a meaningful influence on our behaviors (Bandura, 1986). In his subse-

quent work, Bandura (2004) found that social support and guidance contribute to sustainable 

changes in health behavior, if they are employed during early stages of the adoption process 

and conducive to self-beliefs in individual success.   

Michie and colleagues (2013) developed a taxonomy summarizing evidence of theory-based 

behavior change techniques (BCTs). In total, 93 BCTs are included in the taxonomy which can 

serve as effective components (or “active ingredients”) of interventions intended to change 

behavior, including PA. They are hierarchically clustered into sixteen categories with the third 

category being social support which is subdivided into ‘unspecified’, ‘practical’, and ‘emotional’. 

Notwithstanding that, the BCTs self-monitoring (BCT 2.3, BCT 2.4) and goal setting (BCT 1.1) 

in PA interventions (e.g. walking interventions), are indispensable and widely utilized, social 

support has been shown to be a valuable BCT. Olander and colleagues (2013) demonstrated 
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that social support effectively promotes PA and self-efficacy in obese individuals. Little evi-

dence was found regarding the benefit of social support for the promotion of PA behavior in 

individuals with dementia (Nyman et al., 2018) and, in a systematic review, all interventions 

that were favorable regarding PA in adolescents and adults with chronic cardiorespiratory con-

ditions, included the BCT social support (Sawyer et al., 2019). Furthermore, social contacts 

and social support are particularly relevant at certain stages of life. A qualitative analysis re-

vealed that in the majority of studies reviewed, older participants appreciated the social con-

nectedness and support resulting from PA (Franco et al., 2015). In adolescence, peers have 

been shown to have an essential impact on the uptake and maintenance of PA, where inactivity 

is most prevalent, by means of social support and role modelling (Lawler et al., 2020).  

Complex interventions to address the variety of underlying facets of human PA behavior are 

ubiquitous in PA research, but there is no consensus in the literature on what constitutes com-

plex interventions. Contrary to the original Medical Research Council (MRC) guidance (Craig 

et al., 2013), an intervention is no longer considered complex just because it relies on multiple 

intervention components, addresses multiple behaviors or groups or targets multiple levels. A 

review identified three dimensions of complexity described in the existing literature: character-

istics of intervention stakeholders, multimodality of an intervention, and the intervention context 

(Trompette et al., 2020). Following the updated framework of the MRC guidance for developing 

and evaluating complex interventions, an intervention is considered to be complex because of 

both, its components or its interaction with the context in which it is embedded (Skivington et 

al., 2021). Thus an intervention can either be complex because, it addresses, for example, 

dietary and PA behavior which requires interdisciplinary expertise of a nutritionist and coach 

and is designed to be delivered online or in the real world setting or it can be complex, because 

of its effective implementation in primary care practices and outpatient diabetes facilities.       

The research of complex interventions is divided into four phases: development or identifica-

tion of an intervention; assessment of feasibility; evaluation of the intervention; implementation. 

It can be started in any phase, depending on the key questions regarding the intervention, as 

long as the core elements context, program theory, engaged stakeholders, key uncertainties, 
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intervention refinements, and economic considerations are scrutinized before proceeding to 

the next phase (Skivington et al., 2021).              

For example, in the Peer-Led physical Activity iNtervention for Adolescent girls (PLAN-A), pre-

nominated pupils promoted PA among their female classmates aged 12-13 years via peer-

supported training. After feasibility testing, the process evaluation revealed that a peer-led 

school-based intervention was acceptable, fidelity regarding the use of the intervention mate-

rials was high, and its preliminary effectiveness was to be evaluated on a larger scale (Sebire 

et al., 2019). In the complex, community-based intervention 10,000 steps Ghent, a significant 

increase of the average daily steps in the intervention community was found after one year 

(De Cocker et al., 2009). Consequently, the intervention was disseminated regionally which 

resulted in an increased perception of the intervention in 90% of organizations in the imple-

mentation region, but did not lead to an equally high rate of implementation of the intervention 

(Van Acker et al., 2011). Thus, understanding human PA behavior, requires complex interven-

tion research, recognizing the role of the built and social environment and determining not only 

whether an intervention is effective, but rather focusing on whether it is, for example, accepta-

ble, time- and cost-efficient, transferrable, while running through the four phases of the re-

newed framework for developing and evaluating complex interventions. 

1.2.2 Development of eHealth and its consequences 

Interventions to support healthy lifestyle behaviors, such as PA, can be delivered in various 

ways. Traditional print-based or face-to-face interventions are increasingly being replaced by 

interventions using new technologies, better known as eHealth interventions, due to their rapid 

development and easy availability (Moller et al., 2017; Short et al., 2011). In the following sec-

tion, eHealth is defined and its advantages as well as disadvantages are highlighted. 

The evolution of the term eHealth in academic research goes back to the early 1990s. First 

publications in this area appeared on PubMed in 1992 and the body of evidence grew rapidly 

with more than 1,600 articles in 2013 using the term eHealth (Boogerd et al., 2015). The most 

commonly used definition of eHealth is the one by Gunther Eysenbach (2001):  
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e-health is an emerging field in the intersection of medical informatics, public health 

and business, referring to health services and information delivered or enhanced 

through the Internet and related technologies. In a broader sense, the term character-

izes not only a technical development, but also a state-of-mind, a way of thinking, an 

attitude, and a commitment for networked, global thinking, to improve health care lo-

cally, regionally, and worldwide by using information and communication technology. 

(Eysenbach, 2001, p.1) 

Since then, a number of definitions have appeared, most of them referring to the terms health 

and technologies, but no consensus has been reached, which has led to an inconsistent use 

of various terms in the scientific literature (Oh et al., 2005). This dissertation is based on the 

conceptual model by Shaw and colleagues (2017), who define three eHealth domains: (1) 

health in our hands, (2) interacting for health, and (3) data enabling health. They conclude that, 

according to these three domains, the utilization of digital technologies for health purposes has 

three overlapping functions: (1) to track, monitor, and inform about health (2) to communicate 

about health, and (3) to extract and process health data (see figure 3). 

Figure 3 

The conceptual eHealth model 

From Shaw et al., 2017, p. 9  
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©Tim Shaw, Deborah McGregor, Melissa Brunner, Melanie Keep, Anna 

Janssen, Stewart Barnet. Originally published in the Journal of Medical Inter-

net Research (http://www.jmir.org), 24.10.2017. 

 

Applicable information and communication technologies (ICTs) that can be employed in 

eHealth interventions are manifold, because of the rapid technological progress over the past 

few decades. During the COVID-19 pandemic, this development gained even more momen-

tum. Beyond social online networks and mobile health or fitness applications, artificial intelli-

gence chatbots were adopted to provide information on COVID-19 or for screening purposes. 

In China, robotic technologies were used to care for patients in isolation units and in rural areas 

of the United States (U.S.), medical apps were used to connect patients to a remote doctor in 

case of emergencies (Bokolo, 2021).  

EHealth is a promising public health approach, because it can reach a large number of people 

simultaneously and provide primary or secondary prevention or disease management pro-

grams at relative low costs (Bennett & Glasgow, 2009). In the EU, 91% of households had 

access to the World Wide Web in 2020 (Statista Research Department, 2022) and the prolif-

eration of smartphones is expected to continue to increase reaching 84% by 2025 (Degenhard, 

2021). The internet is progressively accessed via mobile devices due to the rising importance 

of mobile apps in consumer behavior. From 2020 to 2022, the number of downloads increased 

by 21.6% and in addition to gaming apps, the use of social media apps is widespread in the 

EU (Ceci, 2021). This demonstrates the enormous reach of new technologies and their ease 

of use on demand and remotely. 

The promotion of PA using new technologies has become the focus of research in the last two 

decades (Mueller et al., 2018) and appears to be effective (Cotie et al., 2018; Davies et al., 

2012). There are numerous advantages to employing technology in PA interventions. New 

technologies have the potential to support PA in real time and with interactive feedback, in-

cluding individually tailored advice (Krebs et al., 2010; Nahum-Shani et al., 2015). In addition, 

BCTs shown to foster PA in descending order of effectiveness can be incorporated in eHealth 
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interventions:  feedback, goal setting, competition, social sharing with acquaintances and so-

cial sharing with strangers (Hosseinpour & Terlutter, 2019). In fitness apps, two trends have 

emerged to support an active lifestyle, one is gamification, the other is enabling social interac-

tions and exchange. For example, Fitbit released a pedometer version, where steps were con-

verted into rewards that feed a virtual pet, while with Strava or Runtastic, fitness activities can 

be shared with friends or like-minded people and linked to the online social network Facebook. 

Tu and colleagues (2018) compared the effects of a gamified app to an app that promoted 

social interactions and found that participants in both groups displayed improved walking be-

havior, but participants in the social condition intended to continue using the app after the 

intervention period.  

However, digitalization also has its disadvantages. Thus far, it reinforced social inequalities 

and led to a so-called digital divide, which means that individuals with a low socio-economic 

status (SES) use the digital progress less to their advantage (Robinson et al., 2015). Moreover, 

the digital divide has evolved from absent material resources (e.g., access to the internet or 

technologies=primary digital divide; Latulippe et al., 2017) towards disparities in skills to use 

them (secondary digital divide; Van Deursen & Van Dijk, 2014) and difficulties transferring the 

accessed information into favorable behavior (tertiary digital divide; Van Deursen & Helsper, 

2015). This is also evident in the use of eHealth services, which is influenced by the social 

determinants age, social status, and gender. It is known that users are generally younger, 

better educated than non-users (Cornejo Mueller et al., 2020), and more likely female (Kontos 

et al., 2014). These social differences in user behavior are mainly attributed to a low eHealth 

literacy (Cornejo Mueller et al., 2020), i.e. little / lack of competence to access, understand, 

and rate health information from electronic sources and utilize it to address a health problem 

(Norman & Skinner, 2006). The health disparities caused or reinforced by eHealth have to be 

thoughtfully examined and eHealth solutions, sensitive to different social and ethnic groups 

that are disadvantaged regarding health need to be implemented and tested (Kontos et al., 

2014; Viswanath & Kreuter, 2007).   
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1.2.3 Definition of socially disadvantaged populations in the context of this dissertation 

The term socially disadvantaged individuals has long been present in social and health poli-

cies. It is often used synonymously with the term vulnerable individuals or underserved popu-

lations. For a better understanding, the terms are defined below and their meaning in the con-

text of this dissertation is highlighted. 

Vulnerable individuals are characterized by an elevated risk for chronic diseases due to a 

physical or mental condition or a social situation (e.g., pregnant women, homeless, or individ-

uals that have been exposed to any kind of violence; Robert Koch-Institut [RKI], 2008).  

Socially disadvantaged individuals do not necessarily suffer from any of the above conditions, 

but they are affected by social inequalities, for example health inequalities. At the population 

level, a skewed distribution of health chances and risks of disease is known to be associated 

with three factors: education, job position, and income. Individuals with lower levels of educa-

tion, a lower salary, and a poor job position are more likely to become ill (Geyer, 2008; Siegrist, 

2021). These individuals are defined as vertically disadvantaged due to a low SES (Kaba-

Schönstein & Kilian, 2018). Other factors that are often times the focus of health initiatives 

because of their potential to cause health inequalities are age, gender, or migration back-

ground. Health inequalities are particularly evident during middle age, where common dis-

eases, such as diabetes or cancer, manifest (Geyer, 2021). Gender inequalities have been 

found for prevalence’s of various diseases. For example, men are more likely to suffer from 

myocardial infarction (MI) during earlier stages of their lives compared to women (Geyer et al., 

2018). With increasing age or lifestyle- associated risk factors, such as smoking, the incidence 

of MI between males and females equalizes (Millett et al., 2018). Women, on the other hand, 

are at a higher risk for depression (Salk et al., 2017). Per definition, individuals in these popu-

lation groups are considered to be horizontally disadvantaged (Kaba-Schönstein & Kilian, 

2018)                                           

Underserved populations generally suffer from scarce resources. They have limited access to 

different services and societal goods, such as education, healthcare, and means of transpor-

tation or living space (Bantham et al., 2021). Individuals who are considered underserved in 
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traditional health care include elderly, gay, lesbian, bisexual, and transgender individuals, in-

dividuals with a non-white ethnic background and low SES, disabled individuals and those from 

low- and middle-income countries (Weitz et al., 2001). In public health research, this term re-

fers to populations that are underrepresented in clinical and health studies. It is well docu-

mented that women, ethnic minorities or individuals with a low SES are often times not ade-

quately represented in samples (Rogers, 2004). Further, in PA studies, individuals with physi-

cal disabilities are frequently even excluded (Mendoza-Vasconez et al., 2016). 

In the context of this dissertation, I studied two populations that are socially disadvantaged 

regarding health: older individuals (Gomes et al., 2017; Harvey et al., 2015) and vocational 

school students (Elgar et al., 2015; Reik et al., 2010). On the one hand, both populations are 

more likely to be physically inactive and therefore have an increased risk for NCDs. On the 

other hand, it can be assumed that both populations experience disparities in the use of new 

technologies for health purposes, thus are affected by the digital divide and, therefore, are 

considered as socially disadvantaged. It is well documented that older individuals suffer from 

digital exclusion (Heponiemi et al., 2020, Kaihlanen et al., 2022). Data from Germany on media 

use of the internet show that 87% of younger individuals (14-29 years old) use the internet for 

the reception of content. In the group of the 50-69 year-olds, it is only 38% and among individ-

uals above the age of 70 years 18% (ARD/ZDF-Forschungskommission, 2021). The lower 

user rates among older adults allow for the assumption that they lack abilities to use the web 

to gain information and that they are affected by the digital capability divide (see fig. 4). Con-

trary to that, younger users seem to have sufficient skills for information retrieval. However, 

students enrolled in a vocational school with an intermediate to low level of education might 

be less likely to transfer the knowledge, suggesting that this population may be affected by the 

digital outcome divide. To conclude, both populations are affected at different levels of the 

digital divide as illustrated in figure 4, however evidence is lacking.  
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Figure 4 

The three levels of the digital divide 

Adapted from Wei et al., 2011 

 

1.2.4 Previous research on the effects of eHealth interventions in the two target populations 

As explained in the previous section, older adults and younger adults with lower levels of edu-

cation are considered socially disadvantaged and affected by different levels of the digital di-

vide. Therefore, the role of eHealth interventions for promoting PA in these populations was 

chosen as the focus of this dissertation. In this section, the existing evidence regarding the 

feasibility and effects of such interventions for these two populations is summarized briefly.  

A recent systematic review synthesized the results from 38 randomized controlled trials (RCTs) 

and found that eHealth interventions increased the time spent on PA, the energy expenditure, 

and the amount of steps among individuals 50 years and older. Digital PA coaching via e.g. 

text messaging platforms, websites, DVDs, as well as PA tracking plus feedback via wearables 

were the most commonly employed methods (Kwan, Salihu, et al., 2020). In a rapid review of 

reviews, inconclusive results were found with three reviews indicating that web-based pro-

grams and activity monitors effectively promoted PA in older individuals, whereas one review 

revealed only positive trends. The quality of evidence stemming from these studies is consid-

ered low to moderate (McGarrigle & Todd, 2020).                 

Zubala and colleagues (2017) found that the mode of delivery, in general, was not a mediating 

Vocational 

school students 

 Older           

individuals 
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variable for positive intervention effects on PA among community dwelling older adults, but 

rather professional and tailored guidance, social and environmental support, as well as enjoy-

ment were motivators for PA. The most beneficial intervention components remain unclear to 

date. The authors suggest more complex interventions taking contextual factors into account 

and longitudinal studies with follow-ups beyond two years to identify strategies for the mainte-

nance of PA.  

Evidence regarding the role of eHealth interventions for PA among vocational school students, 

to date, is very scarce. In the multilevel intervention Let’s move it from Finland, vocational 

school students and their teachers were taught how to increase PA and reduce sitting time 

during class using BCTs. A website with guidance on goal-setting and motivational boosts via 

social media was offered to students. Acceptability of the intervention and the uptake of BCTs 

was high and associated with an increase of objectively measured PA, but the target group 

barely used the offered website (Hankonen et al., 2017). As part of the PRALIMAP-INÈS nu-

tritional trial, socially disadvantaged overweight adolescents from middle- and high-schools in 

north-eastern France were encouraged to participate in a Facebook challenge to increase their 

PA. Despite high initial interest, only 21 of the initial 262 participants enrolled in the challenge, 

where they had to perform a weekly amount of jumps. Evidence regarding the effectiveness of 

this intervention component is therefore missing (Saez et al., 2018). Another study revealed 

that telephone- and online-based support services for multiple health risk behaviors were 

barely used by Australian vocational school students. In the target group which was proactively 

offered access to the 10,000 steps program and Get Healthy Information and Coaching Ser-

vice (GHICS) to reduce their high rates of physical inactivity, only 12.7% signed up for the 

available services (Atorkey et al., 2021).  

As illustrated above, a limited amount of research addressing vocational school students has 

been conducted so far. In contrast, the quantity of studies examining older individuals is higher, 

but the evidence is only partly robust, because results are inconsistent. Furthermore, attempts 

to digitally promote PA in older adults generally seem to rely on websites and PA monitors, 

thus, incorporating more conventional Web 2.0 and not the latest technologies. 
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1.3 Research aims 

The overarching aim of this dissertation is to investigate the feasibility and effectiveness of 

eHealth interventions for the promotion of PA in socially disadvantaged populations. First, the 

feasibility of a smartphone app-supported intervention was examined in a sample of older in-

dividuals. Then, the current evidence on the feasibility and effectiveness of social media-based 

PA interventions was reviewed and summarized in order to subsequently design and pilot a 

more contemporary intervention approach incorporating social media and targeting vocational 

school students.  

The following questions are addressed in this dissertation:  

1. Is a smartphone app-supported, combined PA and cognitive intervention targeting 

older individuals appropriate for promoting PA behavior and improving additional sec-

ondary health outcomes? 

2. What is the feasibility and impact of social media use in PA interventions on PA behav-

ior and secondary health outcomes? 

3. Is a social network-based PA intervention targeting vocational school students appro-

priate for promoting PA behavior and improving additional secondary health outcomes?    

For investigating the first and third research questions, two pilot studies were conducted 

(herein referred to as pilot study I respectively pilot study II). To answer the second research 

question, a scoping review was carried out (herein referred to as scoping review). The under-

lying sub-questions are shown in table 1. 
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Table 1  

Sub-questions addressed in the three published original articles 

Article              
reference  

Study 
type 

Sub-                                                                                                                          
questions 

Thiel et al., 

2022       

(see 3.1) 

Pilot 

study I 

a) Which resources are necessary for recruitment, assessments, and im-

plementation of intervention components? 

b) How satisfied are the instructors and participants (measured by reten-

tion rate) with the intervention?   

c) What are the lessons learned during the set-up of the intervention?  

d) Are the outcome parameters adequate? 

e) What is the magnitude of potential effects on the outcome parameters? 

f) Is the intervention safe (in terms of adverse events)? 

g) What are implications for further research? 

Guenther et 

al., 2021a 

(see 3.2) 

Scoping 

Review 

a) Which social media platforms are used in interventions to promote PA?  

b) Does the use of social media have positive effects on PA?  

c) Which other dimensions of health are captured? 

d) Does the use of social media affect other dimensions of health? 

e) Are social media-based PA interventions feasible in terms of accepta-

bility, use, and usability?  

Guenther et 

al., 2022  

(see 3.3)  

Pilot 

study II 

a) Is the intervention feasible in terms of processes? 

b) Is the intervention feasible in terms of the required resources? 

c) Which challenges occur during the set-up and implementation of the 

intervention? 

d) Which challenges occur during data processing? 

e) Are the Web 2.0 platforms used and accepted by the target group?  

f) What are reasons for non-use of the Web 2.0 platforms?    

g) What is the magnitude of potential effects on the outcome parameters? 

Note. PA= physical activity; BMI= body mass index; QoL= Quality of Life 
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1.4 Ethical approval 

Pilot study I (Thiel et al., 2022) was approved by the Ethics Committee of the German Society 

of Physiotherapy (Deutscher Verband für Physiotherapie, 2016-06) and was retrospectively 

registered at the German Clinical Trials Register (DRKS00010595). Pilot study II (Guenther et 

al., 2022) was approved by the Ethics Committee of the Medical Faculty of the Heinrich-Heine-

University Duesseldorf, Germany, on June 4th, 2020 (Study-No.: 2020-860). Both studies were 

conducted in accordance with the ethical principles of the Declaration of Helsinki (World Med-

ical Association [WMA], 2013). 
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2 Methods 

2.1 Pilot studies 

A pilot study is a study preceding a full-fledged resource-intensive controlled intervention trial 

that examines the feasibility of an intervention on previously defined aspects, for example 

safety and dose of an intervention or treatment, recruitment potential or adequacy of measure-

ment tools. A pilot study does not intend to provide evidence on the efficacy of an intervention, 

but serves as a basis for deciding whether to continue a study, in general, with or without 

modifications based on previously specified feasibility criteria. Pilot studies resolve uncertain-

ties, provide lessons-learned, and can spare resources in future RCTs (Thabane et al., 2010; 

Thabane et al., 2016). Considering the updated framework of the MRC guidance (Skivington 

et al., 2021), feasibility testing is one necessary step in an iterative process for the development 

and evaluation of complex interventions. Figure 5 illustrates the current framework and shows 

where the three underlying studies of this dissertation are to be placed.  

Figure 5 

Placement of the three studies into the framework for developing                                                                       
and evaluating complex interventions 

Adapted from Skivington et al., 2021 

 

2.1.1 Pilot study I 

As outlined in section 1.2, studies on eHealth interventions targeting older populations pre-

dominantly evaluated the use of websites or PA monitors, e.g. pedometers (McGarrigle & 

 

Scoping review 

Pilot study I    

Pilot study II 
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Todd, 2020; Kwan, Salihu, et al., 2020). Complex programs combining smartphone app-sup-

ported training of physical and cognitive functions, embedded in the living space of elderly, are 

rare and have seldomly been tested scientifically. Therefore, such a complex intervention first 

had to be piloted before examining it at a larger scale. The data of pilot study I were collected 

as part of the funding line SILQUA-FH 03FH008SA5 by the German Federal Ministry for Edu-

cation and Research (BMBF). The complex intervention Quartier Agil took place in an urban 

district of Bochum and was piloted in two consecutive intervention cycles à six month (from 

January to June 2017 and August 2017 to January 2018). Thirty-nine community-dwelling 

adults aged 63 years and older were offered a combined, physical and cognitive training once 

a week by two tutors. Social and group activities in the neighborhood were arranged every 

other week. Additional home-based physical or cognitive exercises were provided using a spe-

cific designed smartphone app for the study. A WhatsApp group was used for organization and 

communication of events. A manual with the actual training program is made available online 

(https://doi.org/10.5281/zenodo.6998000; Guenther, Osterhoff, et al., 2022).            

The program’s feasibility was evaluated in terms of processes, resources, and lessons learned 

(project level) and in terms of feedback of participants and tutors (individual level). PA, physical 

and cognitive fitness, quality of life (QoL) were quantitatively assessed and qualitative 

measures for social participation, were used to determine the magnitude of potential interven-

tion effects. Data were collected before (baseline) and after each of the two intervention cycles 

(follow-up). To perform intragroup comparisons of the quantitatively assessed outcome param-

eters, the Wilcoxon-Wilcox test was used. The reporting adheres to the Template for Interven-

tion Description and Replication (TIDieR) checklist (Hoffmann et al., 2014) and more detailed 

information on the methods is provided in the original article (see section 3.1).                

2.1.2 Pilot study II 

The intervention examined in pilot study II was based on the Active Team intervention by Ma-

her and colleagues (2015). This effective online social network PA intervention, originally 

tested in a sample of inactive adults was adapted for young adults enrolled in a vocational 

school. Referring to the updated framework for complex interventions (Skivington et al., 2021) 

https://doi.org/10.5281/zenodo.6998000
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described above, the adaptation to a new population requires an evaluation of the program’s 

feasibility within the new target group first.  

Fourteen students between the ages of 16 and 27 years from one vocational school in the city 

of Duesseldorf were enrolled. They were motivated to walk 10,000 steps per day by self-mon-

itoring of their steps and social comparison to other classmates via the pedometer app Pacer 

and a Facebook group. The intervention WALK2gether lasted six weeks and took place be-

tween November 2021 and January 2022. It was designed as a resource-friendly, standalone, 

digital intervention and incorporated already existing platforms. Processes pertaining to the 

development and implementation of the intervention as well as problem solving strategies and 

required resources were documented as parameters for feasibility. Quantitatively assessed 

data on PA, subjective health status, QoL, exercise motives, and participants’ feedback was 

captured at baseline (T0) and six-week follow-up (T1) and analyzed with a t-test to determine 

the magnitude of potential intervention effects. Reporting was done following the checklist of 

Thabane and colleagues (2010) and more details on the methodology are included in the orig-

inal article (see section 3.3).  

2.2 Scoping Review 

A scoping review is a synthesis of all knowledge on a subject without assessing the quality. 

Accordingly, a scoping review does not intend to answer a precise research question, but scru-

tinizes the extent, nature, and range of evidence on a research topic. It can be compared to a 

map showing all the research done on one subject, no matter how heterogeneous it is and 

identifying the gaps that need to be addressed. Thus, it serves the decision-making for subse-

quent, more elaborate systematic reviews (Tricco et al., 2016; von Elm et al., 2019). 

The rationale for conducting a scoping review in the context of this dissertation was to obtain 

a comprehensive overview of the latest effective social media interventions examined in PA 

research. The use of social media is a relatively new, but quickly evolving field, as the mode 

of delivery for eHealth interventions has changed in the past seven years from predominantly 

tele-based to web-based platforms (Duan et al., 2021). This was the first scoping review that 

considered all relevant social media platforms from 2014–2020 and included a broad search 
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of all interventions promoting PA via any of these platforms. In addition to scoping the existing 

evidence, the results were intended to inform the design of the intervention in pilot study II.  

The scoping review was conducted and prepared in accordance with the Preferred Reporting 

Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines for scoping reviews 

(Tricco et al., 2018). A protocol for conducting the scoping review was developed previously 

and is accessible on Open Science Framework (OSF; https://osf.io/v9dxj; Guenther & Pischke, 

2021). Two authors searched the electronic databases Scopus and Medline with an a-priori 

peer-reviewed search strategy and selected the sources of evidence in two phases. First, they 

screened titles and abstracts of all records independently followed by the screening of all full 

texts that were deemed relevant after screening phase one for eligibility was completed. Dis-

crepancies at any stages of the screening process were resolved via discussion with a third 

author.                               

Data on general information of the source, participant characteristics, and flow, the interven-

tion, outcome (measurements), results, and key conclusions were charted independently by 

the two reviewers in a prior developed sheet. Random samples of the extracted data were 

checked for congruence. Both, the search strategy and the extracted data, are published open 

access and were included as a supplement of the published original article for better compre-

hensibility (https://www.mdpi.com/article/10.3390/ijerph182413018/s1; Guenther et al., 

2021b). Results are reported along the objectives of the scoping review, displaying the most 

commonly used social media platforms, effects on PA, and frequently examined secondary 

health outcomes, as well as findings pertaining to feasibility. A detailed description of the meth-

odological approach can be found in the original article, see 3.2.  

 

 

 

 

https://osf.io/v9dxj
https://www.mdpi.com/article/10.3390/ijerph182413018/s1
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3 Results (Published Original Articles) 

3.1 Feasibility of smartphone-supported, combined physical and cognitive activities 

in the neighborhood for stimulating social participation of the elderly. Thiel, C., 

Guenther, L., Osterhoff, A., Sommer, S., & Grueneberg, C. BioMed Central Ge-

riatrics, 22(1):629. (2022)  
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3.2 Effectiveness of social media-based interventions for the promotion of physical 

activity: Scoping review. Guenther, L., Schleberger, S., & Pischke, C. R.  Inter-

national Journal of Environmental Research and Public Health, 18(24): 13018. 

(2021)  
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3.3 Feasibility of a social network-based physical activity intervention targeting voca-

tional school students: A pilot study. Guenther, L., Schleberger, S., & Pischke, C. 

R. International Journal of Environmental Research and Public Health, 

19(15):9474. (2022)  
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4 Discussion 

The use of new technologies has the potential to promote healthy lifestyles in a scalable, cost-

efficient, user-oriented and targeted manner. However, so far, digitalization has contributed to 

the widening of existing health inequalities leading to the so-called digital divide for the areas 

of health and PA promotion. A limited amount of research previously addressed populations 

that are socially disadvantaged. The three original articles included in this dissertation contrib-

ute to closing this research gap by investigating the feasibility and effectiveness of eHealth 

interventions for PA promotion sensitive to the needs of these populations. The following chap-

ter will answer the three underlying research questions based on the results from each asso-

ciated exploratory research presented in section 3 and discuss the findings in the context of 

the existing literature. Then strengths and limitations pertaining to various aspects of the study 

and intervention design are discussed and, lastly, implications for future research are provided. 

4.1 Summary of main findings  

4.1.1 Pilot study I  

The first pilot study intended to evaluate the feasibility of a complex intervention combining 

smartphone app-supported training of physical and cognitive functions, and activities embed-

ded in the neighborhood of older individuals. The recruitment was sufficient and resulted in an 

n=39 (initially intended n=40) community-dwelling adults aged 73.1+6.8. years. Their high ini-

tial levels of PA, physical and cognitive fitness at baseline were maintained after the interven-

tion period. The only significant improvements recorded from baseline to follow-up, were in 

balance and in the cognitive parameters inhibition, executive functioning, word fluency, and 

short-term memory. This is a common phenomenon in PA studies, as they intend to include 

inactive individuals, but often spark the interest of those who are already sufficiently active (El-

Kotob & Giangregorio, 2018).                                             

Nonetheless, the Quartier Agil intervention appeared to be generally safe and feasible for older 

adults. The average attendance rate was high with 76 + 15% of sessions attended and, in total, 

only six dropouts appeared over the intervention period of one year. Most participants were 

satisfied with the program and more than two-third reported increased social participation 
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through the program. The question remains open which component of the intervention 

strengthened social participation, because ultimately Quartier Agil was a hybrid intervention. 

Traditional group PA programs foster social participation by meeting three psychosocial needs 

of older individuals: social interaction, sense of belonging, and regular engagement (Zimmer 

et al., 2021). Some previous research suggests that the social component even facilitates the 

uptake of group PA trainings among elderly (Devereux-Fitzgerald et al., 2016; Stodle et al., 

2019) and may reduce feelings of loneliness, operationalized by feeling subjectively younger 

(Lippke et al.,2022). A pilot study found that the social presence of avatars in a virtual gym 

significantly increased engagement in exercise sessions (Far et al., 2015) in older individuals. 

Based on the current evidence, it seems that older individuals per se prefer being physically 

active with others, either virtually or in person. 

The development and implementation of the intervention resulted in an average time expendi-

ture of nine person-hours per week from the tutors. They considered this to be feasible, but 

noted that the group size was at its maximum with twenty people participating, and that, due 

to the heterogeneity of the group, it was difficult to provide safety and tailored supervision.                                           

The use of the study-specific smartphone app turned out to be not feasible. The app had tech-

nical bugs and could not be developed as planned due to time constraints, resulting in widely 

varying satisfaction and usage among participants. In addition, familiarization of the partici-

pants with the app was very time-consuming for the tutors. Soon, the use of the study-specific 

app was trimmed down to the most relevant features and replaced with intuitive, conventional 

applications, such as WhatsApp. This was welcomed by the study participants and, lastly, led 

to an enjoyable use of the smartphone.           

The implementation of a standalone study-specific smartphone app seems to be somewhat 

outdated, considering that the use of online social networks with a multi-layered architecture 

to promote different lifestyle factors, such as sleep and PA in elderly, continues to evolve (Choi 

& Lee, 2021). The abundance of social media platforms e.g., messenger (e.g. Snapchat, 

WhatsApp), live streams (e.g., Twitch) audio platforms (e.g., Clubhouse, Spotify), blogs (e.g., 

Tumblr, Twitter), social networking sites (e.g., Facebook), and media sharing networks (e.g., 
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Instagram, Tik Tok) rather complicates the purposeful selection than warranting the need for 

developing new platforms.        

The time required for the assessment (i.e., two hours per person) was perceived as extensive 

by the participants and a large number of incomplete data sets at follow-up were documented 

(n=13). Mainly, clinical and functional data (e.g. strength, aerobic capacity or concentration) 

were collected which might not have reflected the scope of the intervention (dual-task training, 

neighborhood connectedness) nor social participation in all its dimensions adequately.  

In sum, a smartphone app-supported, combined PA and cognitive program in the neighbor-

hood seems feasible and appropriate for older individuals. However, the selection of the Web 

2.0 platform and the selection of outcome parameters sensitive to the objectives and study 

sample should be carefully considered in the future. In addition, generous time should be allo-

cated for technological support of the target group.  

4.1.2 Scoping Review  

The scoping review aimed to comprehensively map the nature of social media used in PA 

interventions and the range of evidence of effects on PA behavior and secondary health out-

comes. Among 53 identified publications referring to 43 trials, social networking sites were 

most often used to promote PA. The incorporation of Facebook was prevailing followed by 

study-specific, standalone online social networks. In the studies summarized, online social 

networks were primarily used as a source to provide information on PA and secondarily for 

social sharing to reinforce social interaction. Both is in line with the findings from a recent 

review on individuals with chronic conditions (McKeon et al., 2022) and can be explained by 

the fact that Facebook with currently 2,91 billion active users worldwide (Statista Research 

Department, 2022) among diverse populations reaches most people.       

We found that the use of social networking sites positively influenced PA behavior, compared 

to either control conditions or from pre to post-testing. This is not surprising, because, beyond 

the access to information and services, individuals need the support of key stakeholders in 

their living environment, such as family and friends for health behavior change (Putland et al., 

2013). As technology has advanced, interpersonal interactions more often take place online, 
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making social networking sites with their interactive system-architecture the platform for social 

support and, thus, for behavior change interventions in the narrower sense (Moorhead et al., 

2013; Vitak & Ellison, 2013).                                                                                                                             

Secondary health outcomes that were predominantly examined in the included literature were 

related to other physical dimensions of health. Improvements in weight, body mass index 

(BMI), body fat, waist circumference, blood pressure, eating behavior and indicators of the 

metabolic syndrome were found as a result of participation in social media-based interventions. 

A frequently studied target outcome in eHealth literature next to PA is dietary behavior. This 

outcome is studied for good reason, because poor dietary habits, such as high sodium intake 

and low fruit or vegetable consumption, are the second largest risk factor for NCDs and ac-

count for 22% of all adult deaths (GBD 2017 Diet Collaborators, 2019). This might explain why 

their physical indicators, such as weight, blood, and body composition, are well addressed in 

Web 2.0 interventions. Moreover, they appear to be modifiable, which is consistent with the 

findings in this scoping review. Other reviews confirmed that Web 2.0 interventions positively 

influence nutrition-related outcomes in adolescents and adults (Goodyear et al., 2021; Rose 

et al., 2017). Conversely, more recent evidence on individuals already suffering from NCDs 

suggests that only their exercise behavior could be improved through the use of social media, 

but not their dietary habits (McKeon et al., 2022). Psychosocial and mental health parameters 

(e.g., group cohesion, enjoyment, and QoL) were barely addressed in the included studies 

and, therefore, the impact of social media-based interventions remains unclear.          

In contrast, feasibility was assessed in more than two-thirds of the literature, but due to a great 

heterogeneity in the assessment of the construct feasibility, pooling of data was difficult.  Fa-

cebook was generally rated as motivational for enhancing PA and evidence from another sys-

tematic review emerged that its use also led to sustained intervention engagement (Petersen 

et al., 2019). Because the value of a feasibility assessment before a costly efficacy assessment 

has been increasingly emphasized, the number of conducted studies rose. However, there are 

differing guidelines (Eldridge et al., 2016; Pearson et al., 2020) and no consensus on how 

these studies should be named, what their objectives and content should be, and how they 
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should be reported (Moore et al., 2018). This ultimately results in a diversity of findings per-

taining to feasibility in the scoping review and elsewhere.  

To conclude, the use of social media interventions has been shown to positively impact PA 

behavior and other physical health outcomes in studies which recorded them in a standardized 

manner. 

4.1.3 Pilot study II 

Pilot study II attempted to adapt the original Active Team intervention for adolescents enrolled 

in a vocational school in the city of Duesseldorf and to evaluate the program’s feasibility, as 

well as to determine the magnitude of potential intervention effects on PA behavior and sec-

ondary health outcomes. At the process level, the WALK2gether study was shown not to be 

feasible. First, only n=14 participants could be recruited instead of the targeted twenty, and the 

loss-to-follow-up was three times as high, resulting in only ten processed data sets. The as-

sessments seemed partly feasible qua time spent and completeness, but the main outcome 

PA behavior could not be evaluated based on objective data, as the sample did not wear the 

accelerometers sufficiently. This is in line with an observational study in Irish children from 

socially disadvantaged areas, in which only 52% of 408 participants had valid accelerometer 

wear times for inclusion, which was explained by the rigorous algorithm cut-offs (Belton et al., 

2019). Additionally, participant compliance may play an essential role as shown in a trial, where 

early morning reminders sent via SMS improved wear time and device removal after school 

was associated with longer non-wear periods among second-level school students (Belton et 

al., 2013).                             

During the intervention period, the interaction with Facebook was low as posts were not even 

viewed by half of the study participants, on average, and participants were rather critical of its 

use, while Pacer was moderately used and rated, but had technical bugs. Contrary to these 

results, vocational school students rated text messaging and Facebook as appropriate tools 

for PA promotion in a focus group study (Van Dyck et al., 2019) and the pedometer app Pacer 

had the best app store user ratings compared to five other conventional PA apps outlined in a 

previous content analysis (Kebede et al., 2018).            



  

72 
 

The study proved to be resource friendly, considering the time invested by the study staff with 

a total of 92 hours and the costs of 1,535 € for initial acquisition of measuring devices (two 

iPads, two stadiometers, two scales).  

This minimally supportive intervention strategy could have been one of the reasons why the 

WALK2gether study did neither achieve an improvement in PA behavior in a predominantly 

inactive sample at baseline nor was associated with changes in BMI, subjective health status, 

QoL, and exercise motives after the six-week intervention period. We conclude from the limited 

participation of the sample in the intervention and high non-usage of study materials that the 

target population seemed less compliant whenever the teacher or study staff did not supervise 

them. They presumably need a more structured regimen to adopt behavioral changes in PA, 

but evidence from other studies in this respect is inconsistent, too. An approach at the individ-

ual and environmental levels targeting vocational school students and their teachers indicated 

high engagement and acceptability in the intervention condition (Hankonen et al., 2017), 

whereas an internet-based intervention providing skills for teachers to improve PA among their 

secondary school students during physical education led to only modest increases in MVPA, 

exclusively during lessons (Lonsdale et al., 2019). Kuipers and colleagues (2021) reported that 

autonomous motivation, i.e. doing something for the individual’s sake is associated with in-

creases of MVPA among students from vocational schools and the best driver for sustainability 

in behavior change. In the PLAN-A intervention improvements in PA among teenaged girls 

were attributed to the peer-led training by classmates in school (Sebire et al., 2019).  

Further, the WALK2gether intervention was not appropriate for promoting PA behavior and 

other health outcomes in our sample of vocational school students. Nevertheless, these find-

ings attribute to the development and implementation of future social media-based PA pro-

grams for young adolescents enrolled in vocational schools.  

4.2 Strengths and limitations  

4.2.1 Use of exploratory study designs 

The three studies conducted in the context of this dissertation were all exploratory in nature. 

Such exploratory approaches are a necessary pre-requisite for informing future research as 
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they investigate emerging, yet heterogeneous research areas and identify key mechanisms, 

uncertainties, and gaps (Peters et al., 2015; Skivington et al., 2021; Thabane et al., 2016). 

Another strength is that the three published articles fit within the updated MRC guideline frame-

work and encompass two of the four phases of complex intervention research, i.e., intervention 

identification/development and feasibility testing (see figure 5). In doing so, all of the afore-

mentioned core elements were considered except for two: pilot study I failed to document the 

total costs and to weigh them against the benefits and, in pilot study II, the time was too scarce 

to refine the intervention. 

These exploratory designs also have their disadvantages. One major limitation is their re-

stricted quality of evidence, consequently not allowing for any generalizability of the findings 

described above.             

Both, pilot study I and pilot study II, were not conceptualized to have high internal and external 

validity, resulting in a small, selective sample and a non-controlled study design. Although the 

sample size in pilot study I allowed for intragroup comparisons using inferential statistics, pos-

itive treatment effects, especially on physical outcomes, were absent due to a selection bias 

of an initially active sample. This occurred through partial recruitment by word-of-mouth rec-

ommendations, which attracted a majority of members from the local sports club in which the 

weekly training sessions were held. The very small sample in pilot study II does neither allow 

for preliminary estimates of intervention effects nor for general conclusions based on the de-

scriptive results. Unfortunately, it was a consequence of the study being implemented under 

COVID-19 conditions that also led to a selection bias. Recruitment could only be carried out in 

three pre-selected classes at one vocational school with students who already possessed an 

intermediate educational qualification and were striving to qualify for a university of applied 

science. Thus, we recruited a middle class sample rather than young vocational school stu-

dents with a low SES as originally intended. This was reflected in the moderate values for 

subjective social status reported by participating students. Therefore, included participants 

were not representative of the actual target group in both pilot studies.                     
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The scoping review provides an accumulation of knowledge without considering and critical 

appraising the quality of the included sources. Finally, it is not possible to determine whether 

the positive results on PA behavior and physical health outcomes are universal and accurate, 

as risk of bias assessments and summary measures are not by nature applicable in a scoping 

review (Tricco et al., 2018). This is accompanied by the methodological weakness that the 

search was restricted to two literature databases, possibly overlooking relevant studies.   

4.2.2 Methodological approaches  

A methodological strength in all three studies is the systematic acquisition of information and 

the reporting, based on existing frameworks. In pilot study I and II, the framework of Thabane 

and colleagues (2010) was applied to schematically capture feasibility and evaluate it based 

on a-priori specified criteria. In pilot study I, we followed the TIDieR checklist for reporting 

(Hoffmann et al., 2014). In the scoping review, we closely adhered to the PRISMA guidelines 

for scoping reviews (Tricco et al., 2018) while conducting the study and during the reporting of 

study findings. This systematic approach is needed because it leads to a better replicability of 

studies (Hoffmann et al., 2014).  

Methodological limitations arose from the broad inclusion criteria. While, on the one the hand, 

wide eligibility criteria were an advantage of the scoping review, because they provided a vast 

amount of literature, neither the search nor the charting of evidence were specified regarding 

socially disadvantaged populations. In both pilot studies, the broad inclusion criteria and the 

lack of screening of the corresponding baseline characteristics (PA level and SES) might have 

contributed to the selection biases.   

Additionally, the assessments utilized in both pilot studies have to be critically scrutinized. Even 

though the Berg Balance Scale (BBS) is a reliable tool for assessing a low fall risk in commu-

nity-dwelling adults (Park, 2018), a well-known ceiling effect appeared in pilot study I. Similarly, 

the six-minute walk test revealed good psychometric properties when addressing lower-func-

tioning older individuals (Du et al., 2009; Southard et al., 2005). Further, accelerometry is a 

widely used and reliable method to assess habitual PA in research under free-living conditions 

(Ekelund et al., 2011) and was supplemented by an activity diary to monitor non-wear times. 
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In the WALK2gether study, these measurement tools, however, did not provide useful data 

sets, because vocational school students did not wear them as instructed.  Thus, this meas-

urement approach does not seem to be appropriate to objectively capture the main outcome 

PA behavior in this population.  

4.2.3 Design of the two eHealth interventions 

An absolute strength of both interventions was that they were resource efficient as intended 

qua time. However, the selection of new technologies should be reconsidered because one 

major limitation of both interventions was that the samples did not sufficiently interact with the 

selected platforms for various reasons. In pilot study I, recurring technical issues and limited 

functions of the smartphone app resulted in refusal to interact with the app. In pilot study II, all 

participants installed Facebook for the first time meaning that they were not familiar with this 

online social network. They mentioned that they would have preferred another platform, such 

as WhatsApp or Instagram. 

Furthermore, the underlying program theory in the WALK2gether intervention to motivate stu-

dents to walk 10,000 steps per day, i.e., reinforcing social comparison with the pedometer app 

Pacer, has to be questioned. Behavior and social science theories emphasize the role of social 

support, but not competition to be associated with healthy behavior, such as PA (U.S. Depart-

ment of Health and Human Services, 1996). Social support can either be instrumental, infor-

mational, emotional or appraising (Israel & Schurmann, 1990). In the Quartier Agil intervention, 

the number of six overlapping intervention components, supposed to gain substantial interest 

among participants giving them the opportunity to choose a variety of options, made it difficult 

to detect the mechanism of change and underlying mediators.  

4.3 Implications for future research 

The three original articles in the dissertation provide a comprehensive overview of the effects 

of new technologies in PA interventions, taking a closer look at the feasibility of two different 

eHealth approaches in two socially disadvantaged populations. Thus, this dissertation can 

serve as a basis for researchers to further develop and implement eHealth interventions pro-

moting an active lifestyle in these populations. Subsequent studies could be developed based 
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on the three studies included in the dissertation. They first should strive to update the current 

evidence and complete feasibility testing. Secondly the quality of evidence has to be improved 

with more robust study designs as outlined in figure 6.    

Figure 6 

Implications for continuation based on the framework for developing                                                  
and evaluating complex interventions 

Note. RCT = randomized controlled trial 

 

Some methodological considerations must be taken into account to avoid the previous pitfalls. 

In order to avoid the recurrence of a selection bias in future studies, the recruitment strategy 

should be modified. Community-based sampling is known to be beneficial in order to reach 

socially disadvantaged individuals (Bonevski et al., 2014), but should ideally be done in coop-

eration with higher-level institutions (e.g. the department for school or health affairs) to reach 

several facilities at the organizational level. Another option is to combine sampling strategies, 

as was done in the previous Active Team study (Maher et al., 2015). Maher and colleagues 

complemented a media campaign with respondent driven sampling, guiding initially interested 

participants to invite their eligible Facebook friends and reached the required sample size.  

Measurement tools should be reconsidered and carefully chosen specific to the target group 

and sensitive to changes in the outcome parameters. For example, regarding social participa-

tion, surveys that assess instrumental activities of daily life (IADLs) measure dual-tasking abil-

ities required for complex actions, such as public transportation or grocery shopping, and ap-

pear to be better indicators of participation than measures of physical functions, such as 
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strength or aerobic capacity (Camino & Mioshi, 2017; Tomioka et al., 2017). Some other in-

struments capture different facets of participation linked to the International Classification of 

Functioning, Disability and Health (ICF) domains and reveal good psychometric properties 

(Hashidate et al., 2021), such as the Participation Objective, Participation Subjective (POPS; 

Brown et al., 2004) or the Rating of Perceived Participation (ROPP; Sandström & Lundin-Ols-

son, 2007).                                             

To assess PA behavior objectively, dual-accelerometer systems attached to the skin are prom-

ising to supply valid movement data of children and adolescents (Duncan et al., 2018). Alter-

natively, researchers may consider multiple imputation strategies, as they are appropriate to 

deal with missing data sets and improve sample size power (Peeters et al., 2015).  

The question remains how digital PA interventions for socially disadvantaged populations have 

to be designed in the future in order to initially change behavior and promote sustainability of 

long-term behavior change. Technological innovations on the market always spark substantial 

interest and attention and cause short-term increases in PA. A good example is Pokémon GO. 

After its release, daily steps significantly increased in users, but this effect could not be sus-

tained after six weeks (Howe et al., 2016). A recent trend is the Web 3.0 app STEPN. Based 

on the move to earn concept, users buy a virtual sneaker and are incentivized to walk or run 

during their daily lives by earning crypto currency. They can either cash out their earnings or 

continue using it in the game (https://whitepaper.stepn.com/).              

But is external motivation the key? Researchers argue that interventions for PA promotion 

have to be theory-based and acknowledge psychological explanations of motivation, such as 

the self-determination theory (SDT). Broken down to PA, part of this theory states that a person 

whose three basic psychological needs -autonomy, competence, and relatedness-  are met by 

a PA program is more likely to continue doing so autonomously through intrinsic motivation 

(Wang et al., 2009).  

Based on the lessons-learned from the three studies conducted as part of this dissertation, I 

assume that future interventions have to be participant driven. Why not ask target populations 

themselves what they need to become physically active, which platform they would like to use, 

https://whitepaper.stepn.com/
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and which barriers they have to overcome using new technologies for a healthier lifestyle? This 

participatory approach is better known as co-creation and, according to the earlier outlined 

SEM model (see figure 2), it should not be restricted to the individual level, but engage multiple 

levels in design and implementation of interventions (Stokols, 1996), i.e. stakeholders actively 

involved in the development of PA-friendly environments in different settings.               

Physical inactivity is a pandemic and has to be addressed at a population level to improve 

health globally. As demanded by the WHO we have to involve stakeholders of these systems 

where scaled-up public health interventions can be implemented and delivered to improve PA 

population-wide. In Canada, a PA-initiative for older adults was implemented in collaboration 

with community-based partner organizations. McKay and colleagues (2018) successfully en-

rolled the target population with their partner-based delivery strategy at a broad community 

level and improved PA, mobility, and social connectedness among older individuals in British 

Columbia. A study in the vocational education setting targeting the nursing care and automo-

tive mechatronics sector concluded that co-creation approaches for long-term implementation 

of PA interventions at the institutional level have to elaborated in more detail considering rele-

vant contextual factors. Gruene and colleagues (2022) found a sustained implementation of 

intervention components in the nursing care, but not in the automotive mechatronics sector. 

Effects at the individual level were absent. 

4.4 Conclusions 

The overarching aim of this dissertation was to investigate the feasibility and effectiveness of 

eHealth interventions for the promotion of PA behavior in socially disadvantaged populations. 

Findings of this dissertation suggest that research on eHealth interventions for PA promotion 

in socially disadvantaged populations is still in its infancy. Given the abundance of new tech-

nologies and social media, there is no necessity for the development of new platforms. A pur-

poseful consideration and adoption of existing platforms should be the task of future interven-

tion research. In our digitalized world which has gained momentum with the outbreak of 

COVID-19 the harmful effects of, for example, social media use should always be critically 

questioned and weighed against the benefits before adopting new technologies in PA and 
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health promoting programs. Likewise, the tertiary digital divide should be taken into account, 

which excludes individuals with low eHealth literacy levels and unfortunately those most in 

need for PA promotion. That is why participatory efforts in this area of research are needed to 

develop tailored interventions and to obtain more study data from socially disadvantaged pop-

ulations.                                                                                                      

The results also highlight that the present evidence on eHealth interventions to promote PA 

among socially disadvantaged populations is scarce and of low quality. Increased standardi-

zation of indicators, measurements, and reporting are recommended. Considerably more effort 

will be necessary to generate robust evidence on the feasibility and effectiveness of interven-

tion approaches disseminated at a larger scale (e.g. at the community level) which will ulti-

mately inform political decision makers on how to create PA-promoting programs for socially 

disadvantaged populations that incorporate the social and built environment. 
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