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Summary 

Research on the sleep of young people (12-24 years) has examined determinants and consequences 

of poor sleep. Poor mental health and wellbeing is one consequence that has received sustained 

empirical focus. In recent years, the rapid uptake of electronic and social media use has been 

regarded as an important risk factor for poor sleep. Avenues for improving sleep have focused on 

targeting these behaviours, but also addressing systemic factors such as school start times. This 

dissertation explores the relationships between these variables, and focusses on understanding how 

sleep problems within this population can be improved.  

Chapter 1 introduces the topic and provides an overview of the literature. 

Chapter 2 discusses the theoretical underpinnings, by reviewing Bronfenbrenner’s bioecological 

theory of human development and the two-process model of sleep. Developmental changes 

occurring in sleep during adolescence are explored, and how electronic media use and school start 

times impact sleep during this time are discussed.  

Chapter 3 presents the research questions.  

Chapter 4 examines a 25-minute school-based intervention aimed at improving sleep of 

adolescents by addressing sleep hygiene behaviours of bedtime electronic media use. Though 

bedtime electronic media use decreased for those in the Intervention Group, it did not reflect in 

changes in sleep or wellbeing.  

Chapter 5 explores the temporal links between bedtime social media use, sleep and affective 

wellbeing in young adults, by using an experience sampling methodology. Bedtime media use did 

not predict sleep the same night or affective wellbeing the following day for healthy participants.  

Chapter 6 evaluates the impact of a policy-level decision of delaying school start times for all public 

schools in the Swiss city of Basel, on the sleep duration and mental wellbeing of adolescents. The 

20-minute delay did not lead to long-term improvements in sleep or wellbeing.  

Chapter 7 presents the overall findings, implications and avenues for future research, as well as a 

critical evaluation of the studies. 
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Introduction 
 

1.1 Prologue 

Adolescence is a period of human life that is marked with significant physical, cognitive and social 

development. Of much interest, both within and outside the scientific community, are the 

observable changes that occur in the sleeping behaviours of this group – as children transition 

through adolescence into young adulthood, a consensus is that it becomes increasingly difficult 

for many to wake up early in the morning, which is paralleled with them preferring to and being 

able to stay awake for longer periods at night. A direct effect of these changes is thought to result 

in shorter and poorer sleep, especially within the context of early school start times; spill-over 

effects are discussed within the context of mental health and wellbeing, and the overall day-to-day 

functioning of this population. Over the last decade, another factor has become part of the sleep 

and mental wellbeing narrative amongst young people, that being the dependence on and almost 

around-the-clock use of electronic and social media, with an overwhelming part of the narrative 

discussing the ill-effects of this excessive use on the sleep and wellbeing of its users.   

 

1.2 Defining adolescence and young adulthood 

Adolescence, the developmental stage between childhood and adulthood, is typically defined as 

the period spanning the second decade of human life, i.e. between 10 to 19 years of age (WHO, 

2001). This definition has often been disputed in the academic, public and health policy literature, 

in part due to the difficulty in clearly outlining the boundaries of when childhood ends on the one 

hand, and importantly, when adulthood begins on the other (Ledford, 2018; Sawyer et al., 2018). 

It has been proposed that even though the lower boundary of 10 years is perhaps suitable, given 

its coincidence with the onset of puberty and therefore a marked departure from childhood, the 

upper boundary should be shifted to 24 years to better align with current understandings of 

developmental growth and societal transition (Sawyer & Patton, 2018). The term ‘young adults’ or 
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‘emerging adults’ is also used to identify the transition from adolescence to adulthood, defining 

this period as being between 18 and 24 years of age (Arnett, 2000). Due to the lack of universal 

agreement regarding the specific age group for persons to be considered adolescents, individuals 

aged between 10 and 24 years old are often called ‘young people’, or ‘adolescents and young adults’ 

(Patton et al., 2016; Sawyer et al., 2012; WHO, 2001). Data from studies based on adolescent 

samples are divided into the following three groups: young adolescents for persons aged 10 – 14 

years, older adolescents for persons aged 15 – 19 years old, and young adults for persons aged 20 

– 24 years old (Patton et al., 2016). In this thesis, the term ‘adolescents and young adults’ or ‘young 

persons’ will be used to refer to the 10 – 24 -year age group, with studies in Chapters 4 and 6 

focusing on younger and older adolescents (12 – 19 years), and the study in Chapter 5 focusing on 

older adolescents and young adults (18 – 23 years). 

In contrast to the ongoing definition debate, what remains undisputed amongst researchers and 

policymakers alike, is that adolescence is a period that sees profound development in all aspects 

and spheres of a human being’s life. It marks the transition of an individual from a non-

reproductive to a fertile, reproductive human being, and includes physical, physiological, cognitive, 

behavioural and societal changes; it is how young people navigate and negotiate with these changes 

that are crucial in determining a healthy transition to adulthood (Waylen & Wolke, 2004). Of 

importance to this thesis are the changes that occur in the sleep and thereby the mental wellbeing 

of young people, which is discussed henceforth. 

 

1.3 Sleep and mental health during adolescence and 

young adulthood 

1.3.1 Duration and quality of sleep and its implications 

for wellbeing 

Sleep can be defined as a state of unconsciousness or immobility with reduced responsiveness to 

external stimuli or surroundings (Siegel, 2005). Sleep has also been described as being an altered 

state of mind and consciousness, since, although an individual has decreased awareness of their 

surroundings for instance, or do not remember that they have just fallen asleep, the brain can still 

engage in mentation such as dreaming (Revonsuo et al., 2009). Our understanding about the 

importance of sleep stems not only from studies examining how sleep contributes to different 
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functions such as memory consolidation (Diekelmann & Born, 2010) or maintenance of our 

immune system (K. Ackermann et al., 2012), but also from studies that investigate the impact of 

sleep deficit/restriction/extension/deprivation on our ability to function. For example, it has been 

demonstrated that chronic sleep restriction of between 4 to 6 hours of sleep per night for adults 

aged between 21 and 38 years, results in severe impairment of cognitive functioning, made worse 

by the fact that persons experiencing these deficits remained unaware of it (Van Dongen et al., 

2003). Similarly for adolescents, findings suggest that a two-week period of restricting sleep to 6.5 

hours per night, increases negative mood and tiredness, as well as an inability to regulate negative 

mood (Baum et al., 2014). Both lines of research provide concrete evidence regarding the negative 

effects of sustained insufficient sleep on our ability to function optimally – however, what sets 

them apart because of their samples, is the boundary which is used to define sleep restriction (i.e., 

4-6 hours for adults versus 6.5 hours for adolescents). This distinction highlights a key assumption 

in our approach to understanding sleep, namely that the amount of sleep required for human 

beings to efficiently and optimally function depends (and a result differs based) on their biological 

age or developmental phase. As such, sleep need is thought to be highest for new-borns, decreasing 

steadily with age, and stabilising around adulthood (Wolke, 1994). These sleep need suggestions 

imply two things. First, that sleep changes or evolves as a function of human maturation. Second, 

that by using sleep as a marker for developmental changes, the bulk of changes that occur in the 

first twenty years of life can be viewed as being significantly different from those that follow later 

in life (e.g., developmental changes versus degenerative changes).  

The National Sleep Foundation (NSF), recommends that 6 to 13 year old children and adolescents 

require 9 – 11 hours of sleep per night, 14 to 17 year old adolescents require 8 – 10 hours of sleep 

per night, and 18 to 24 year old adolescents and young adults require 7 – 9 hours of sleep per night 

(Hirshkowitz et al., 2015); these have been echoed by other organisations (Paruthi et al., 2016). 

However, the validity of these recommendations, which are based primarily on cross-sectional 

studies and studies utilising sleep restriction and/or extension designs, have been questioned in 

light of trends that highlight that sleep duration recommendations have generally decreased over 

the years (Matricciani et al., 2012, 2013). However, recent attempts at estimating sleep need using 

dose-response methods have been made, and preliminary results seem to be aligned with existing 

recommendations (e.g.,, for 15-17 year olds, an optimal duration of 9.35 hours has been suggested 

by Short et al. 2018). The current utility of NSF guidelines is that they provide a universal, 

consistent and comparable standard against which to examine and understand the sleep behaviours 

of and its impact on young persons. Based on these guidelines, evidence suggests that adolescents 

worldwide are not sleeping enough. In a meta-analysis of over 40 studies and surveys from 
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different countries, Gradisar et al. (2011) reported that a majority of adolescents were sleeping 8 

hours or less per school night, with variation across countries, for example, an average of around 

7 hours for Chinese adolescents (Chung & Cheung, 2008) versus 8 hours for German adolescents 

(Loessl et al., 2008). It was also reported that the amount of sleep that adolescents were getting 

reduced with increasing age, a finding corroborated by further research (Gradisar et al., 2011). For 

instance, a sleep habits poll conducted by the NSF (2014) found that the amount that American 

adolescents were sleeping dramatically decreased as they progressed from early to late adolescence, 

with parents reporting that 8% of 6-11 year olds were sleeping 7 hours or less on school nights, 

whereas more than half (or 56%) of 15-17 year olds were sleeping 7 hours or less on the same 

nights. Given that sleep need is suggested to remain stable across adolescence (Crowley et al., 2018; 

Tarokh et al., 2016), these findings of insufficient sleep experienced by young persons become 

concerning when taken together with knowledge of the effects that sleep deprivation can have on 

adolescents’ abilities to optimally function (e.g., Baum et al., 2014). A large number of young adults 

are also not sleeping enough, obtaining an average of less than 7 hours, especially on weeknights 

(Hershner & Chervin, 2014; Lund et al., 2010). Chronic sleep deprivation in young adults has been 

associated with increased risk of experiencing severe sleep debt and worsening health outcomes 

(Klerman & Dijk, 2005; Steptoe et al., 2006).  

Significant problems with sleep quality amongst adolescents (Dewald et al., 2010; Gradisar et al., 

2011) and young adults (Lund et al., 2010) are also prevalent. Consensus over defining sleep quality 

is mixed, and as such, a universal definition of sleep quality does not exist. In the simplest manner, 

sleep quality can be defined as an indicator of how good or bad one’s sleep is or how rested one 

feels after waking up – this definition implies that sleep quality is often a subjective assessment, 

and one that is most widely employed in adolescent studies due to ease of use and access (Ji & Liu, 

2016). A common method of measuring sleep quality in research is by asking participants to 

indicate on Likert scales how satisfied they are with their sleep, for example, via the Pittsburgh 

Sleep Quality Inventory (Buysse et al., 1989). Objective assessments of sleep quality are also utilised 

in research, for example, how many times an individual wakes up through the night, not counting 

the final morning awakening (Short et al., 2012). The NSF recommends parameters for assessing 

sleep quality using objective sleep measures, drawn from a review of over 270 primarily cross-

sectional, experimental and cohort studies (Ohayon et al., 2017). For instance, a sleep latency 

(defined as time taken to fall asleep) of 15 minutes or lesser, or one or fewer awakenings (defined 

as the number of times a person wakes up for a period longer than 5 minutes) are considered 

indicators of good sleep quality for young persons; in contrast, a sleep latency of more than 45 

minutes or three/four or more awakenings are indicators of poor sleep quality. There is evidence 
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to argue that subjective and objective sleep indicators capture different aspects of sleep (Krystal & 

Edinger, 2008; Tremaine et al., 2010), implying differential associations with varying outcome 

measures. As a result, it is recommended to use a combination of both types of assessment in 

order draw comprehensive conclusions of the links between sleep quality and a broad range of 

outcomes (Dewald et al., 2010). Within the sleep literature, varied types of sleep quality 

assessments and indicators are included under the umbrella term of sleep disturbances or sleep 

problems.  

Both insufficient sleep, as well as poor sleep quality have been linked to a range of negative 

consequences such as obesity (Miller et al., 2018; Nielsen et al., 2011; Sluggett et al., 2019; Wu et 

al., 2017), and a higher risk of engaging in risky or impulsive behaviours. (McKnight-Eily et al., 

2011; Rossa et al., 2014). Specifically for young persons, a commonly reported negative 

consequence of poor sleep is daytime sleepiness or tiredness, which can be defined as an inability 

to stay awake or alert during the day, and generally feeling sleepy and/or tired (Thorarinsdottir et 

al., 2019). Carskadon et al. (1980), using a controlled experiment, found that mid and late pubertal 

adolescents were likely to fall asleep quicker during the day in comparison to pre and early 

pubescent children; this was assumed to be a measure of daytime sleepiness and one of the first 

few studies to report this link. Since then, evidence has confirmed that the incidence of daytime 

sleepiness is unusually high among adolescents and young adults alike (Hershner & Chervin, 2014; 

Y. Liu et al., 2019; Millman, 2005; Moore & Meltzer, 2008; Murugesan et al., 2018; Perkinson-

Gloor et al., 2013; Short, Gradisar, Lack, & Wright, 2013; Short & Chee, 2019), providing strong 

support for the assumption that this population is not sleeping enough. In turn, daytime sleepiness 

has been linked to increased aggression, suicidal ideation, decreased productivity, poor executive 

functioning and increased consumption of alcoholic beverages, amongst other outcomes 

(Anderson et al., 2009; X. Liu et al., 2019; Y. Liu et al., 2019).  

Another frequently reported link is between sleep and academic performance, and in particular, 

that poor sleep (short duration and poor sleep quality) is associated with poor academic 

performance. Using survey data to obtain subjective measures of sleep behaviours, such as sleep 

duration, and using school registries to obtain an objective measurement of grade point average 

scores of over 7000 adolescents aged 16-19 years, it was found that poor sleep, and shorter sleep 

duration in particular, was linked to a higher risk for poor school performance (Hysing et al., 2016). 

In a meta-analysis examining around 17 studies, that were primarily cross-sectional, with 

cumulative sample sizes of between 13,600 and 19,500 adolescents (mean age between 8 and 17 

years), findings highlighted that longer sleep, better sleep quality and lower sleepiness were 
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associated with better performance, with sleepiness showing the strongest relation, followed by 

sleep quality and sleep duration (Dewald et al., 2010). For young adults, too, an inverse relationship 

between sleep and academic performance has been suggested (Eliasson et al., 2010; Gomes et al., 

2011), with longer sleep, better sleep quality, and importantly, sleeping well consistently being 

associated with better grades (Okano et al., 2019). The link between sleep and academic 

performance can be understood by our knowledge regarding the negative impact that sleep 

deprivation has on a range of neurobehavioral and cognitive processes such as learning-memory 

processes. Evidence from a wide range of studies, including cross-sectional surveys, case studies, 

and experimental designs where sleep duration has been restricted or extended, point in the 

direction of sleep deprivation having a detrimental effect on adolescents’ ability to learn, for 

instance, via a decrease in their attentive behaviours, and poor performance on verbal creativity 

and abstract thinking tasks (Beebe, 2011; Beebe et al., 2017; Curcio et al., 2006; Short & Chee, 

2019). Similar effects have been found in young adults; for instance a deterioration of 

neurobehavioral functions, such as increasing attentional lapses, as sleep duration decreases or is 

restricted (Zitting et al., 2018).  

Though the links between sleep and daytime sleepiness or academic performance have received 

significant attention from various stakeholders, the area that has received sustained focus over 

decades from researchers, policymakers, parents, and teachers alike, is the impact that sleep has 

on the mental health and wellbeing of young people.   

 

1.3.2 Mental health and sleep  

The World Health Organization (WHO; 2004) defines mental health as a state of wellbeing, 

wherein an individual can recognize their own abilities, can cope with regular stresses of life, can 

be productive and contribute positively to society. Poor mental health or mental health problems 

can then be understood as a health condition that impairs an individual’s ability to function 

optimally, primarily through significant changes in a person’s emotions, thinking or behaviour 

(American Psychiatric Association, 2018). Current estimates suggest that approximately 1 in 10 

people struggle with a mental health problem, and that mental health disorders cause 1 in 5 years 

lived in disability (S. L. James et al., 2018; Ritchie & Roser, 2018). In other words, the global burden 

of disease for mental health disorders is substantial.  

Adolescents and young adults are a particularly vulnerable population. According to the WHO 

(2020), 10-20% of adolescents around the world experience mental health problems, with lack of 
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diagnosis and/or treatment being a significant concern. Data from the United States (US) indicates 

that young adults, aged between 18 and 25 years, have a prevalence rate of 25.8% for any mental 

illness (National Institute of Mental Health, 2019); in the United Kingdom (UK), at least 1 in 5 

young people aged between 16 and 24 years reportedly experienced symptoms of mental health 

disorders (Office of National Statistics, 2014); and a study in Norway found that between 20% – 

32% of young men and women in their early twenties experience a mental disorder (Gustavson et 

al., 2018). This evidence implies that young adults are perhaps the most affected by mental health 

problems amongst the adult population. Similar to trends within the whole population, depression 

and anxiety are identified as the most commonly occurring mental health problems affecting the 

adolescent and young adult populations, with suicide being a major contributor to mortality among 

older adolescents (WHO, 2020).  

Poor sleep has been identified as a significant risk factor for poor mental health and wellbeing 

amongst young people. For instance, findings from a meta-analytic review of cross-sectional, 

longitudinal and experimental studies on over 360,000 adolescents, implicate shorter sleep 

duration with a 55% increased risk of experiencing mood deficits, particularly with positive mood, 

anger, depression, negative affect and anxiety (Short et al., 2020). Similarly, shorter sleep and later 

weeknight bedtimes have been linked with an increased risk of suicidal ideation as well as 

behavioural and substance use disorders in adolescent populations (Owens, 2014; Zhang et al., 

2017); these patterns have been demonstrated for young adults too (Glozier et al., 2010). Similar 

trends of poor mental health have also been linked with poor sleep quality indicators (Short et al., 

2019). Intervention studies aimed at improving sleep have equally contributed to evidence 

supporting its link with mental health (Blake et al., 2016; Friedrich & Schlarb, 2018). For instance, 

in a large-scale randomized control trial involving 26 UK-based universities, Freeman et al. (2017) 

allocated over 3700 participants experiencing insomnia to one of two groups, a treatment as usual 

and a cognitive behavioural training for insomnia (CBT-i) group. It was reported that compared 

to the control group, participants in the CBT-i group experienced decreased levels of insomnia as 

well as fewer psychotic symptoms of hallucinations and paranoia. Results were suggested to be 

evidence for insomnia being a causal factor in psychotic experiences, and in general that poor sleep 

plays a causal role in the development of mental health problems. However, a bidirectional 

relationship between sleep and mental health problems such as depression (Fang et al., 2019), 

anxiety (Leahy & Gradisar, 2012) and attention deficit and hyperactivity disorders (ADHD; 

Mulraney et al., 2016) has also been demonstrated. Here, poor sleep has been identified as a risk 

factor for developing mental health problems, but also experiencing mental health problems are 

found to be risk factors for poor sleep. Poor sleep is in fact an important diagnostic criteria for 
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several mental health problems experienced by children, adolescents and young adults (Gregory 

& Sadeh, 2016; Ramtekkar & Ivanenko, 2015), with subjective assessments of poor sleep being a 

more reliable and consistent markers than objective assessments in for example ADHD, autism 

spectrum disorders, and anxiety and depressive disorders (Baddam et al., 2018). These competing 

arguments regarding the directionality of the links between sleep and mental health highlight how 

complex it is to disentangle the relationships between these variables. Indeed, the most likely 

answer to this conundrum is that both arguments are valid, and that while mental health influences 

sleep, so also does sleep influence mental health. 

Given the importance of sleep is for one’s mental health, and considering evidence that young 

people are not sleeping enough begs the question: what is causing this loss of sleep? Likely there 

are several contributing factors, such as sleep-related developmental changes occurring during 

adolescence or having to attend schools that have early start times. However, one factor that stands 

out for being unique of modern times is the introduction and rise of the smartphone, which has 

paralleled a significant increase in electronic media consumption among young people. 

 

1.4 Factors impacting sleep during adolescence: 

Electronic media use and early school start 

times  

1.4.1 Electronic media use 

Since its introduction in the late 2000’s, the smartphone has found its way into the lives of more 

than 3 billion people worldwide (Statista, 2020). Its success can be attributed to its utility – a usually 

small, pocket-sized device that, in current times, can be used to perform a myriad of daily tasks, 

and importantly, affording its users complete privacy when performing these tasks. The 

smartphone can be tailored to meet the unique needs of individual people, and has evolved to 

meet our evolving digital needs making it an important element of the 21st century world. For 

adolescents too, smartphones have become a way of life, with reports estimating that more than 

90% of this population, globally, owns or has access to a smartphone (Childwise, 2020; Pew 

Research Center, 2019). For young people, the appeal of the smartphone lies perhaps largely on 

its ability to access the ‘online’ world, majority of which constitutes being connected with their 
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peers, via communication applications such as WhatsApp or WeChat, but also via social media 

applications such as Instagram, TikTok or YouTube. Given how easily smartphones lend 

themselves to be used, it does not come as a surprise that electronic media use among young 

people has matched the rise of the smartphone itself, with some reports suggesting that young 

people are using their devices constantly throughout the day, and evening (Hysing et al., 2015).  

Screen time, which can be loosely defined as the amount of time spent using a smartphone, tablet, 

laptop or television, has been associated with negative outcomes in young people. Increased screen 

time has been associated with poorer sleep outcomes, such as shorter sleep duration, delayed sleep 

and poorer sleep quality (Cain & Gradisar, 2010; Hale & Guan, 2015; Twenge et al., 2017), and 

conversely restricting mobile use before bedtime has been linked to better sleep outcomes (Bartel 

et al., 2019). These effects are found to be more intense when young people engage in media use 

in the evening time, and particularly before going to bed. The mechanisms underlying these effects 

have been summarized as being mainly three-fold – first, that engaging in electronic media use 

before sleep simply replaces the time that young people could use for sleep; second, by consuming 

electronic media or engaging in social media use before sleep prevents the mind from ‘shutting 

off’, and this cognitive arousal interferes with the body’s ability to fall asleep; and third, that the 

blue light emitted from these devices have physiological effects on young people’s circadian 

rhythms and sleeping patterns (discussed in detail in Chapter 2; Cain & Gradisar, 2010; Hale et al., 

2018; LeBourgeois et al., 2017). However, evidence on the impact of screen time on other 

outcomes has been mixed; for instance, even though there is strong evidence for the links between 

screen time and health outcomes such as obesity and depressive symptoms, the evidence for the 

effects of screen time on behavioural outcomes such as self-esteem, and general wellbeing is weak 

(Orben & Przybylski, 2019; Stiglic & Viner, 2019). These effects are thought to be mediated by 

other factors, and not screen time per se; for instance, the association between screen time and 

obesity has been attributed to the sedentary behaviours that screen time encourages, or that 

engaging in electronic media use replaces the time spent on exercising (Ashton & Beattie, 2019; 

Samantha Marsh et al., 2013). There is also evidence to suggest that the effects of screen time on 

mental health and wellbeing outcomes are only present when mediated by poor sleep (Lemola et 

al., 2015). In contrast, engaging in digital interactions with peers and friends has been found to 

have positive effects on young people’s relationships and self-esteem, as well as their mental health 

(Odgers, 2018). Increasingly, however, studies suggest that the negative effects of screen time are 

disproportionately experienced by vulnerable populations, such as young people belonging to 

lower socio-economic backgrounds, suggesting that individuals negative offline experiences 

imitate their online ones (Odgers, 2018). 
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Attempts to establish guidelines for young people’s engagement in screen time have been made, 

with for instance, the Canadian 24-hour movement guidelines outlining that a cap of two hours of 

daily screen time should be exercised for individuals aged 5-17 years (Tremblay et al., 2016). 

However, recognising that the existing evidence in this topic is mixed, governments have updated 

their recommendations regarding screen time use among young people. In the UK, the Royal 

College of Paediatrics and Child Health (2019) suggests that screen time should be tailored to the 

needs of each individual, but with a focus of restricting media use for at least an hour before bed; 

the American Academy of Pediatrics (2016) have established similar guidelines. These guidelines 

imply that while a universal cut-off of screen time exposure for young people cannot be 

recommended, the ill-effects of evening or bedtime electronic media use should be recognised, 

particularly on the sleep of this population.  

To tackle excessive screen time engagement, a number of sleep interventions focussed on 

improving sleep hygiene behaviours have been trialled on young people. Sleep hygiene habits relate 

to behaviours engaged in prior to sleep, that can influence sleep outcomes, such as sleep quality, 

sleep onset and sleep duration. Apart from evening time and general daytime electronic media use, 

other habits addressed in interventions may also include for example, consumption of caffeinated 

products in the evening or engagement in vigorous physical activity in the evening. In general, 

studies have reported poor sleep hygiene habits among young people (Brick et al., 2010; F. C. 

Brown et al., 2002; LeBourgeois et al., 2017; Murugesan et al., 2018; Tandon et al., 2020). A vast 

number of sleep-hygiene based interventions in varying lengths (from a few hours to four-week 

long protocols) have been psychoeducative in nature, and conducted primarily at school or 

university settings (F. C. Brown et al., 2006; Cain et al., 2011; Dewald-Kaufmann et al., 2014; Kira 

et al., 2014; Kloss et al., 2016; Moseley & Gradisar, 2009; Rigney et al., 2015; Tan et al., 2012; 

Weiss et al., 2006; Wolfson et al., 2015). A review synthesising results from such interventions 

concluded that most interventions, while being successful in improving sleep-related knowledge, 

were not effective in improving sleep hygiene, sleep behaviours such as sleep duration or sleep 

quality, or were partially effective in improving some indicators but not all (Blunden et al., 2012). 

Interventions that found positive outcomes in the form of improved bedtimes or even associated 

mental wellbeing benefits such as reduction in internalised behaviours, reported that when 

participants were followed-up after the study, these improvements were not sustained (Wolfson 

et al., 2015). Given that a majority of the interventions focussed on addressing multiple aspects of 

sleep behaviours, future psychoeducative interventions might benefit from addressing solely sleep 

hygiene behaviours, individually or in combination, and in particular, the effects of electronic 

media use in the evening of night-time on subsequent sleep. The consistent finding of improved 
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sleep knowledge implies that young people, adolescents and young adults, may lack the knowledge 

that poor sleep hygiene and subsequent poor sleep can detrimentally impact their daily functioning 

and wellbeing; educating young people on these topics might therefore be an important starting 

point to address sleep problems experienced this population.  

 

1.4.2 School start times  

Our understanding of the effects of school start times on the sleep and wellbeing of young people 

comes primarily from research in the US. One of the first studies on this topic outlined changes 

in adolescents’ sleep patterns, involving progressively later sleep and wake up times compared to 

pre-pubescent children (Carskadon et al., 1993); early school start times were proposed to be a 

hindrance to adolescent sleep, and as a result, two schools in the US delayed start times by over 

an hour, finding that the students attending these schools benefitted from sleeping an extra hour 

every day (Wahlstrom, 1999). Since then, the US has experienced a significant policy attention 

leading to a delay in start times, given the beneficial impact it has on young people, and in light of 

evidence that highlights the chronic sleep deprivation experienced by young people (Gradisar et 

al., 2011). Similar debates have kick-started in other parts of the world, with school start times 

being discussed as a major factor in contributing to adolescent sleep problems (Illingworth et al., 

2018; Winnebeck et al., 2020), and importantly one that can be modified.  

Delaying school start times have been associated with positive outcomes. Delays of over one hour 

have been associated with better academic performance, attendance and graduation rates, and 

improved attention and cognitive performance (Edwards, 2012; Kelley et al., 2017; Lufi et al., 

2011; McKeever & Clark, 2017). These studies have employed varying study designs, from utilising 

longitudinal administrative data and large sample sizes but a lack of a control or comparison group 

(Edwards, 2012), to using an experimental approach and comparing effects of start times for an 

experimental versus control group, but with extremely small samples (Lufi et al., 2011), or using 

an observational approach and a before-after-before design (Kelley et al., 2017). A few studies 

where delays of 25 – 30 minutes have been experimentally implemented for one semester, have 

also yielded promising results. Boergers et al. (2014) found that students attending a boarding 

school where school start times were delayed by 25 minutes from 08:00 to 08:25 during the winter 

term, were able to sleep on average 29 minutes longer, and the number of students who were able 

to sleep the recommended 8 hours per night doubled. Students also reported better mental 

wellbeing. These findings supported a previous study conducted by Owens et al. (2010), which 
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found that a 30 minute delay in school start times during the winter term was associated with an 

average of 45 minutes of additional sleep on weekdays, and a reduction in daytime sleepiness and 

an improvement of mood outcomes. The number of participants in this study who were able to 

sleep longer than 8 hours also doubled, whereas the number of students sleeping lesser than 7 

hours decreased by nearly 80%. The main mechanism promoting improvements in wellbeing 

indicators has been attributed to longer sleep achieved as a result of later wake up times (Bowers 

& Moyer, 2017). Evidence supports the link between longer sleep durations as a result of later 

school start times and fewer incidences of mental health problems as well as substance use 

(Wahlstrom et al., 2017). Such findings have led some to declare early school start times as a 

systemic and social injustice problem, because it helps maintain and perpetuate poor health among 

the young, especially in light of evidence that it provides a further layer of disadvantage to already 

vulnerable groups of young people (Edwards, 2012; Hale & Troxel, 2018). To this end, the 

American Academy of Sleep published a statement in support of delaying school start times across 

American schools, urging policymakers and local councils to consider shifting start times to not 

before 08:30 a.m. (N. F. Watson et al., 2017).  

However, a recent Cochrane review synthesising evidence on the impact of delaying school start 

times has revealed inconclusive and mixed results, driven mainly by the lack of robust available 

data and weak methodologies employed in investigating this issue (Marx et al., 2017), with calls for 

studies using randomised controlled designs to be used to assess the impact of school start times 

(Marx et al., 2017; Minges & Redeker, 2016). Unfortunately, orchestrating such studies is often 

difficult, given the number of stakeholders involved, including parents, staff as well as local 

councils; a problem highlighted by Illingworth et al. (2018), where authors attempted to and failed 

to set up a randomised controlled trial (RCT) study in the UK involving over 100 schools, primarily 

due to non-compliance from stakeholders. In the absence of RCTs, we have to find other robust 

ways to investigate whether delaying school start times is a potential solution for young people’s 

sleep problems. One such example would be to identify areas where policy decisions to delay 

school start times are likely to be made, providing a natural experiment set up, and utilising before-

after data which would allow comparisons between adolescents attending schools early versus 

those attending schools with later start times through difference-in-difference estimations.   
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1.5 Motivation and aims of the thesis 

Adolescents and young adults are identified as vulnerable populations, in large part due to the 

marked physical, cognitive, emotional and social changes they undergo during this stage. The onset 

for a majority of mental health disorders occurs during adolescence, with half of all cases beginning 

by 14 years of age, and three fourths by 24 years of age, and with a lifetime prevalence of up to 

50% (Kessler et al., 2005). This implies that recurrence rates for poor mental health are high with 

those experiencing a negative mental health episode during adolescence being at an increased risk 

of experiencing poor mental health later in life (Kessler et al., 2001; Kieling et al., 2011). Similarly, 

individuals who experience psychiatric problems early in life are at an increased vulnerability to 

experience negative outcomes in aspects related to their physical health, personal finances, social 

functioning and the legal system (Copeland et al., 2015). Furthermore, prevalence of mental health 

problems amongst young people worldwide has been steadily increasing over the years (Bor et al., 

2014; Hagquist et al., 2019; Högberg et al., 2020; Mojtabai et al., 2016; Mojtabai & Olfson, 2020; 

Sawyer & Patton, 2018). In combination, these pieces of evidence imply the following: mental 

health problems among young people are on the rise, despite our knowledge that ensuring good 

mental wellbeing during adolescence is an important way to facilitate healthy mental wellbeing 

during adulthood. This highlights the need for a scientific approach in understanding what the risk 

factors are for developing poor mental health, what makes young people resilient and keeps them 

well, and what are possible interventions that can be implemented to promote wellbeing. 

International organisations have recognised this need, with for instance, the WHO launching a 

comprehensive Mental Health Action Plan 2013 – 2020, which was adopted by a majority of its 

member states, with the aims of, among others, improving ways of preventing mental health 

problems as well as increasing awareness of mental health problems through evidence and research 

for young people (WHO, 2013).  

Poor sleep has been purported to be an important risk factor for poor wellbeing among young 

people (Patton et al., 2018), and an increase in sleep-related problems for young people have been 

reported (Ghekiere et al., 2019; Sarah Marsh, 2020; Singh & Kenney, 2013). Increasing public 

health concerns have therefore surrounded adolescent and young adult sleep, with addressing sleep 

deprivation issues being declared a public health priority in the UK (Royal Society for Public 

Health, 2016), and in other parts globally (Owens, 2014). In light of these calls, it is important to 

identify and understand potential factors that influence sleep, and that are amenable to change and 

modification. Electronic and social media use have been recognised as actively contributing to the 

insomnia epidemic facing young people (Chattu et al., 2018; Ghekiere et al., 2019; Owens, 2014), 
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with some reports suggesting that nearly one in four adolescents experience problematic 

smartphone use, with increased odds of experiencing mental health problems (Sohn et al., 2019). 

A second factor recognised as playing an important role in determining the sleep behaviour of 

young people, and in particular adolescents, are early school start times (Hale & Troxel, 2018).  

Building on previous research surrounding these associations, the overall aim of this thesis is as 

follows: To test whether recommendations that are given to improve the sleep and wellbeing of 

young people, and in particular to decrease electronic or social media use before night-time sleep, 

and to delay school start times, are effective. Existing research regarding these recommendations 

is mixed, while the majority of evidence in favour of the guidelines is weak (e.g., drawn primarily 

from cross-sectional work). Still, researchers and policymakers continue to advocate for these 

recommendations, and it is therefore important to establish evidence that warrants such claims.  

This thesis attempted to use more robust methods to examine whether changing or modifying 

these factors can lead to improvements in sleep and wellbeing. Below, I have outlined the specific 

aims that this thesis addresses.  

As a first aim, this thesis investigates whether targeting individual behaviours of evening time 

electronic media use via a brief, cluster-randomised school-based psychoeducative intervention 

and including parental involvement can result in improvements in sleep duration, satisfaction and 

mental wellbeing outcomes. Previous work on interventions to improve sleep hygiene have 

focussed on general sleep hygiene habits, and not specifically on reducing evening screen time. 

Moreover, a majority of these interventions have been carried out over moderate to long periods 

of time, spanning from a day to a few weeks from start to finish. Subsequently, there is scope for 

exploring whether short interventions can be effective in improving sleep hygiene behaviours 

related specifically to evening time electronic media use, and that have the potential to be 

administered or disseminated at a large scale. Though modest improvements in bedtime electronic 

media use were found, the associated small effect size was likely a reason for not translating into 

improved sleep or wellbeing among study participants. Compounded with previous evidence that 

demonstrated that sleep hygiene behaviours are difficult to change (e.g., Kira et al., 2014; Rigney et 

al., 2015), and that the relationships between these variables have primarily been examined using 

cross-sectional approaches, the current findings warranted a better understanding of how these 

variables interact with one another.   

As a second aim, this thesis tries to understand whether bedtime media use is indeed a risk factor 

for poor sleep, by using an experience sampling approach to examine the temporal relationships 

between bedtime social media use, sleep the subsequent night and affective wellbeing the following 
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day. Though not as robust as a RCT design, experience sampling designs allow capturing real-time, 

in-the-moment data across several measurement points, which is particularly relevant for 

decreasing memory biases for subjective wellbeing measures and media use assessments. This 

methodology overcomes the limitations of cross-sectional approaches, but also of studies that have 

examined these constructs over longer periods of time (e.g., Heffer et al., 2019), and where there 

is no convincing model as to why media use would impact sleep and wellbeing months or years 

later. Analysing data generated from this approach allows for the assessment of within-individual 

variations separately from between-individual variance in behaviours. As a result, a better 

understanding of the interactions between variables can be achieved.  

As a final aim, this thesis investigates the effects of a policy-level decision to delay school start 

times on the sleep duration of adolescents. Delaying school start times has been proposed as an 

effective way to improve adolescents’ sleep duration, by providing an opportunity for adolescents 

to sleep longer, and by allowing for an alignment between their delayed circadian rhythms and 

society-driven schedules. However, much of the research is cross-sectional, or where longitudinal 

studies are available, appropriate comparison groups are scarce (Marx et al., 2017). At the same 

time, it has been demonstrated that conducting an RCT to study this phenomena is difficult, if not 

impossible (Illingworth et al., 2018). Finally, a majority of the research on school start times has 

been carried out in Northern America, and generalising findings to a different context, such as the 

European context can be problematic due to cultural differences (e.g., Short, Gradisar, Lack, 

Wright, et al., 2013). To overcome these challenges, this thesis uses a natural experiment by taking 

advantage of data available pre and post a policy level change of delaying school start times for all 

public schools in Basel, Switzerland, and examines its effects on sleep duration for a school start 

time change group relative to a comparison group that was unaffected by the policy.  

 

1.6 Structure of the thesis  

This thesis examines the complex relationships between electronic and social media use, sleep and 

mental health and wellbeing, with a particular focus on how these relationships interact amongst 

adolescents and young adults and ways that sleep can be improved. To this end, the thesis is 

structured as follows: 

Chapter 2 lays down the theoretical framework for the thesis, by discussing Bronfenbrenner’s 

Process-Person-Context-Time theory of human development, and a two-process model of sleep. 
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This chapter details the changes in sleep architecture and regulation that occur during adolescence 

and young adulthood, and how environmental factors such as electronic media use or school start 

times can have an impact on sleep and mental health processes.  

Chapter 3 outlines the specific research questions derived from the review of the literature and 

theories, which will be explored via the substantive studies presented in the thesis.  

Chapter 4 examines the impact of a brief school-based psychoeducative intervention including 

parental involvement, on improving sleep hygiene behaviours (i.e., bedtime social media use and 

evening time caffeine consumption). This chapter will also assess the impact of this intervention 

on improving the sleep and mental wellbeing of adolescent students.  

Chapter 5 assesses the temporal links between social media use, sleep and affective wellbeing, by 

employing an experience sampling design which will help to analyse day-to-day associations 

between these variables. This will allow an understanding of how these variables interact with one 

another on a daily basis, and whether bedtime media use is a risk factor for poor sleep and mental 

wellbeing.  

Chapter 6 evaluates the impact of a policy-level intervention to delay school start times by 20 

minutes in all schools in a region in Switzerland, with a focus on sleep duration and mental 

wellbeing outcomes.  

Finally, Chapter 7 will end with an overall discussion, and detail the implications that can be drawn 

from the results presented in the thesis. Here, avenues for future research will also be outlined. 

Methodologies employed in the presented studies will be evaluated.  
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Theoretical Background 
 

This chapter provides a theoretical framework for the thesis. First, I discuss Bronfenbrenner’s 

bioecological theory of human development (1977, 1986, 1995), which presents a context for how 

the interactions between sleep, and factors of electronic media use and school start times can occur 

for the developing adolescent. Second, I discuss the two-process model of sleep (Borbély, 1982; 

Borbély et al., 2016), which is used to understand how sleep is regulated, how sleep changes as a 

result of puberty and adolescence, and how the factors of electronic media use and school start 

times interact with these changes.  

 

2.1 Bronfenbrenner’s theory of human development  

Bronfenbrenner’s theory of human development has become one of the dominating theories 

within the developmental psychology sphere, and used to demonstrate a wide range of outcomes 

such as cognitive development, parenting and delinquent behaviour (Tudge et al., 2016). Since its 

proposition, the theory has evolved from an ecological model where human development was 

attributed to primarily interactions between contextual or environmental factors (Bronfenbrenner, 

1977, 1979), to a bioecological model or a Process-Person-Context-Time (PPCT) model, where 

more importance was placed on the individual, and the developmental process itself 

(Bronfenbrenner, 1995; Bronfenbrenner & Ceci, 1994).  

At the core of the PPCT model, are proximal processes, which refer to the reciprocal interactions 

that occur between the developing individual and persons, objects or symbols in their immediate 

environment. These interactions, which become complex over time, likely lead to the individual 

becoming more competent by gaining skills and knowledge. An example of such a process is group 

or solitary play or problem-solving (Bronfenbrenner, 2001). Proximal processes were termed as 

the “primary engines of development” (Bronfenbrenner & Morris, 1998, p. 996), implying that the 

other elements of person, context and time impact the individual via proximal processes. Person 
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characteristics refer to the traits of the individual that determine or influence how proximal 

processes occur. For instance, dynamic personality traits such as self-efficacy can largely determine 

differences in the developmental trajectory of two children – one who is motivated to succeed, 

and the other who is not (Tudge et al., 2009). Here, biological or mental resources are also 

acknowledged as an important person characteristic. Levels of context, which were defined in the 

initial model, refer to four types of environmental systems (Bronfenbrenner, 1977). First is the 

microsystem, that consists of the individual’s immediate surroundings such as the home or the 

classroom, where proximal processes take place. Second is the mesosystem, which consists of the 

relationships between two or more microsystems, for example, for a developing child, this would 

consist of interactions between the parents and the school teacher or childminder (Neal & Neal, 

2013). Third is the exosystem, where the individual is not directly placed, but those that interact with 

the individual are. For instance, this would refer to a parent’s workplace, which has the potential 

to influence the child’s home environment (Neal & Neal, 2013). Last is the macrosystem, which 

encompasses the values and social, cultural and political norms of the environment in which the 

individual exists. Elements in this structure have indirect impacts on proximal processes, via the 

microsystem. For instance, the political views of parents may determine what types of books are 

available at home for the developing child (Xia et al., 2020). The last element of the model is the 

dimension of time, divided into micro (the extent of continuity or discontinuity in the proximal 

processes), meso (whether proximal processes occur over days or weeks), and macro (the changes 

within and outside the child’s environment). Macro-time is akin to chronosystems 

(Bronfenbrenner, 1986), and can refer to external changes in events or expectations of the wider 

society and as well as important transitionary experiences for the individual.  

Sleep, electronic media use and school start times can be identified as belonging to more than one 

specific system or factor within Bronfenbrenner’s theory. Electronic media use and the 

smartphone may be regarded as objects in the microsystem due to their presence in the immediate 

surrounding of the adolescent or young adult but can also be an element belonging to the 

chronosystem, since the patterns of media use observed, and smartphones are unique of modern 

times. The adolescent and young adult undergoes developmental changes as a function of puberty, 

which includes changes in sleeping patterns, and which are typically identified as belonging to the 

chronosystem. Thus, the sleep hygiene study presented in Chapter 4 is located in the school 

microsystem, and its inclusion of parental involvement taps into the family microsystem. Similarly, 

the experience sampling study presented in Chapter 5 taps into chronosystem and examines how 

the interactions between media use and sleep influence mental wellbeing. Finally, school start times 

are determined by societal values (e.g., that workdays should begin early), and can be affected by 
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policy decisions. Thus, the study presented in Chapter 6 occurs in the macrosystem; school start 

times have a direct impact on the adolescent via the school micro-system, by providing a schedule 

that may not necessarily be in harmony with their developing sleep patterns.  

The continuous interactions of the individual’s developing sleep patterns with electronic and social 

media engagement and school start times can be viewed as key proximal processes and occurs 

within complex and multifaceted ecological and environmental systems. These proximal processes 

may trigger bio-psycho-social changes and development, including further development in the 

sleeping patterns and preferences of young people, or the mental health and wellbeing trajectory 

of adolescents and young adults. 

 

2.2 The structure and regulation of sleep   

2.2.1 Sleep architecture  

Sleep is a complex process, with the overarching function to provide the body and brain time to 

rest and recover from a previous period of wakefulness, and to prepare for activities that will be 

performed upon awakening (Vyazovskiy & Delogu, 2014). It has been better understood through 

research utilizing electroencephalogram (EEG) data, which shows that sleep is made up of 

different states or stages, each with unique electrical activity. Sleep is largely divided into two states 

– rapid eye movement (REM) and non-REM (NREM; Aserinksy & Kleitman, 1953). NREM sleep 

is a state of minimal mental activity, comprising of stages N1, N2, and N3, with levels of arousal 

decreasing as sleep progresses from N1 to N3. N3 is also known as deep sleep or slow wave sleep 

(SWS), deriving this name from EEG data that demonstrates synchronous slow waves during this 

phase of sleep. REM sleep is distinctly different from NREM sleep, being characterized by rapid 

eye movements, low muscle tone, and significant mental activity in the form of dreaming. Episodes 

of rapid eye movements or body twitches are alternated by episodes of relative inactivity, i.e., phasic 

versus tonic episodes (Callaway et al., 1987; Siegel, 2011). Sleep begins with NREM, progressing 

into REM sleep, with both occurring several times through the course of a night in a cyclical 

fashion. On average, a person spends more time in NREM sleep, and primarily in stages 1 and 2, 

with SWS generally occurring only in the beginning of the night. As sleep progresses, SWS 

becomes shorter, with REM sleep becoming longer towards the latter end of the night (Yetton et 

al., 2018). Each sleep cycle (i.e., NREM followed by REM) takes an average of 90 to 110 minutes 
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(Gronfier et al., 1999). These patterns of sleep stages across the night are referred to as sleep 

architecture, and vary across individuals (Yetton et al., 2018).  

The different states (NREM vs. REM) as well as types (light versus deep sleep/SWS) of sleep are 

thought to have different functions; for instance, NREM (N1, N2 and N3) sleep has been linked 

to increased brain modularity or connectivity (Boly et al., 2012), whereas SWS and REM sleep 

have been implicated in memory consolidation processes (S. Ackermann & Rasch, 2014; Stickgold, 

2005). The architecture of sleep is shown to change across the lifespan, and is thought to reflect 

the differences in developmental demands, with a majority of those changes occurring in the first 

two decades of life (Carskadon & Dement, 2011; Feinberg, 1974). To better understand the 

changes that adolescent sleep undergoes, it is important to discuss how sleep is regulated.  

 

2.2.2 The two-process model of sleep  

A well-regarded theory of sleep regulation is the two-process sleep model proposed almost four 

decades ago by Borbély (1982), and which has since been revised and reappraised (Borbély et al., 

2016; Borbély & Achermann, 1999). This model views sleep and wakefulness as being governed 

by two intrinsic processes, a homeostatic process and a circadian process. The homeostatic 

process, or process S, regulates sleep pressure or sleep debt and depends on sleep and wake. In 

other words, process S accumulates during wakefulness, and dissipates during sleep. The circadian 

process, or process C is independent of process S and is influenced by the Suprachiasmatic 

Nucleus (SCN; Ralph et al., 1990), the body’s internal clock that is approximately 24-25 hours in 

length per cycle. The SCN in turn is regulated by external cues, or Zeitgebers, the strongest of which 

is sunlight (Roenneberg et al., 2007), which entrains the circadian system to the 24-h clock 

(Roenneberg, Daan, et al., 2003). In this way, process C determines the timing of sleep, i.e., to sleep 

at night (when it is dark) and to wake up in the morning and stay awake through the day (when it 

is light). In other words, process C rises during the day, reaching its peak between 16:00 and 18:00, 

and decreases through the night, reaching its lowest between 04:00 and 05:00. (Carskadon et al., 

2004). Borbély (1982) suggested that sleep and awakening is determined by the combined action 

of the two processes. Process C determines the value-range between which sleep or wakefulness 

can occur. Thus, sleep is triggered when process S reaches the upper threshold of this range, and 

awakening is triggered when Process S reaches the lower threshold of this range.   

Process S and Process C are thought to function independent of one another, which has been 

supported for instance via studies that have found that process S continues to function normally 
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even after the SCN has been lesioned (Dijk & Archer, 2009). Consequently, both processes are 

identified via different indicators. Like sleep need (i.e., process S), the frequency of NREM EEG 

slow wave activity (SWA) is highest at the beginning of a sleep episode, and decrease as sleep 

progresses, making the amount of SWA or SWS the key marker of Process S (Achermann, 2007; 

Borbély, 1982; Borbély et al., 2016). Melatonin, a hormone released by the pineal gland in response 

to darkness, reduces core body temperature, decreases arousal and simultaneously prepares the 

body for sleep (Brzezinski, 1997; Dawson & Encel, 1993); both melatonin regulation and core 

body temperature are therefore considered principal markers of process C (Borbély et al., 2016). 

For instance, the timing of the circadian system is determined by (i) the onset of melatonin 

measured via saliva samples in dim light, also called dim-light melatonin onset (DLMO) phase, (ii) 

a decrease in of levels of melatonin known as dim light melatonin offset (DLMOoff) phase, and/or 

(iii) the mid-point between DLMO and DLMOoff (Crowley et al., 2007). Although the assumption 

that both processes do not influence each other is generally accepted, there has been evidence 

contradicting this, with studies highlighting a possible feedback of process S on process C (Deboer, 

2018; Franken, 2013; Vyazovskiy & Delogu, 2014). Research in this area is preliminary, however, 

the implications may be particularly significant for adolescents and young people; it suggests that 

our understanding of these processes is dynamic, and that any developmental changes occurring 

in these processes are likely more complex than we currently understand.  

 

2.3 Changes in sleep during adolescence 

Changes in sleep as a function of puberty begin before puberty-related bodily changes (Sadeh et 

al., 2009). Developmental changes in both process S and process C, either independently or in 

combination, lead to a preference for progressively later bedtimes and wake times across mid to 

late adolescence, also known as delayed sleep phase (Carskadon et al., 2004; Crowley et al., 2007, 

2018; Hagenauer et al., 2009). In this section, these changes will be discussed, along with related 

changes in adolescent sleep architecture.  

One of the most prolific changes in sleep architecture that occurs during adolescence is the marked 

alteration or decline in SWS or delta NREM sleep, of between 40% and 65% between 11 and 17 

years of age (Campbell et al., 2005, 2007; Carskadon, 1982; Feinberg & Campbell, 2010; Jenni et 

al., 2005; Jenni & Carskadon, 2004). These changes are thought to relate to the maturing brain, 

particularly with the development of the frontal cortex, and are linked to age and sex (Feinberg et 

al., 2006; Feinberg & Campbell, 2010). Relatedly, developmental changes in process S have also 
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been proposed and observed. First, it is has been found that the build-up of sleep pressure or 

process S following periods of extended wakefulness occurs faster for prepubertal or younger 

adolescents compared to older ones, although sleep pressure dissipates at a similar rate across a 

sleep episode for both groups (Jenni et al., 2005; Tarokh et al., 2012; Taylor et al., 2005). Second, 

as adolescents mature, they are biologically able to resist their sleep pressure, and stay awake for 

longer periods of time in comparison to when they were younger (Skeldon et al., 2016).  

Changes that occur in process C during adolescence have also been documented. Puberty-related 

changes of the gonadal hormones trigger physiological changes to the SCN; this in turn impacts 

the body’s circadian rhythm in part by leading to delays in melatonin and cortisol secretion 

(Karatsoreos & Silver, 2007). These chain of events are generally held responsible for shifting 

adolescents body clock forward, thereby enabling them to stay awake for longer in the night and 

sleep until later in the morning (Carskadon et al., 1993, 1997, 1998, 2004). For instance, Carskadon 

et al. (1997) reported that older adolescents displayed later DLMO phase in comparison to younger 

adolescents, providing evidence for a delay in process C during adolescence. Levels of melatonin 

are thought to decrease with increasing age, suggesting that either puberty-related processes are 

responsible for this decline, or that the decline is an indicator of the pubertal process (Crowley et 

al., 2012); though preliminary, this highlights another potential factor explaining changes in process 

C during adolescence. This biological preference of adolescents to be ‘evening type’ (i.e., show a 

preference for later bedtime and wake times1) manifests differently in males and females – peaking 

around the ages of 19.5 years for females, and 21 years for males, after which, their sleep resumes 

to pre-adolescent patterns (Roenneberg et al., 2004).  

The sleep problems faced by young people today, can in part, be understood via these changing 

sleep patterns, especially when societal rhythms around them remain the same. There are also 

other avoidable factors that interact with these sleep patterns and contribute to poor sleep. Crucial 

to this thesis are also the ways in which sleep can be implicated in the regulation of mental 

wellbeing and health. The following sections will discuss the role of sleep in emotional and mood 

regulation, and the implication of two factors, namely electronic media use and early school start 

times, in the sleep of adolescents and young adults. 

 

 
1 The preference in timing of sleep and wake is called chronotype, with most adults lying between being 
‘morning type’, i.e., sleeping and waking up early, and ‘evening type’ (Roenneberg, Wirz-Justice, et al., 2003). 
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2.4 Sleep and emotional regulation  

Sleep deprivation or increased process S at the incorrect time (i.e., during the day) has been 

implicated in emotional regulation processes via two pathways (Gruber & Cassoff, 2014). First, 

sleep deprivation negatively impacts the brain’s ability to perform executive functions such as 

response inhibition (Mauss et al., 2013), which decreases one’s ability to particularly regulate 

negative emotions. Second, sleep deprivation increases sensitivity to negative stimuli, with findings 

demonstrating that as sleep propensity increases, reactions to stimuli such as anger also increase 

(Gujar et al., 2011). Process C has also been implicated in affective wellbeing, and particularly in 

mood regulation. One of the underlying assumption is that mood fluctuates across the day, and 

follows a pattern consistent with the circadian rhythm (and in particular core body temperature), 

being low in the morning, improving as the day progresses and being at its best in the evening 

(Boivin, 1997; Wirz-Justice, 2008). Evidence on the links between the circadian process and mood 

have been drawn from studies assessing relationships between chronotype and affective wellbeing, 

with eveningness emerging as a risk factor for and morningness as a protective factor against 

emotion dysregulation.  On the one hand, eveningness in adolescents has been associated with an 

increased risk of experiencing depressive or anxiety symptoms (Díaz-Morales, 2016; Koo et al., 

2021; Randler, 2011a). On the other hand, morningness has been linked to positive attitude 

towards life and a lower risk of experiencing emotional problems (Gau et al., 2007; Randler, 2011a). 

Since a shift towards eveningness has been noted for adolescents (Roenneberg et al., 2004), these 

findings outline the specific risk that this population faces for poor mental wellbeing as a 

consequence of their changing circadian rhythms.  

Eveningness presents as a risk factor due to the mismatch between the endogenous circadian 

system and societal-driven schedules, which forces individuals to function at a non-optimal 

moment of the day, i.e., in the morning. Disrupted mood as a consequence of the misalignment 

between process C and process S have also been noted for shift workers or those who experience 

jet lag (S. M. James et al., 2017; Srinivasan et al., 2010). Thus, emotional regulation is dictated not 

only by process S and process C independently, but rather by their joint effects and interactions 

(Gruber & Cassoff, 2014). In particular, the degree to which an individual experiences successful 

mood regulation or mood dysregulation is determined by the cognitive effects of process S (such 

as emotional reactivity or impulsivity) jointly with the process C driven within-day variations of 

mood. Thus, if sleep deprivation is low (i.e., process S is low) and mood is neutral/positive (i.e., 

process C is high), then emotions are more likely to be better regulated, and the opposite if sleep 

deprivation is high and mood is negative. Further, Gruber and Cassoff (2014) argue that these 
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effects are particularly pronounced for individuals who experience clinical levels of poor mental 

health, due to their increased sensitivity to sleep deprivation, negative mood, as well as the 

misalignment between the two, leading to further decreased affective wellbeing.  

During the second decade of human life, individuals experience maturation of brain structures and 

functions, of which includes the prefrontal cortex, and which is implicated in executive functioning 

(Zelazo & Carlson, 2012). It might therefore follow that the effects of sleep deprivation on these 

regions of the brain might be exacerbated in adolescents and young adults relative to adults 

(Galván, 2020). Thus, the interaction of these processes with the changing circadian patterns are 

likely to put young people at a higher risk of poor emotional regulation, and experiencing poor 

affective and mental wellbeing. 

 

2.5 Night light exposure, evening-time electronic 

media use and its implication for adolescent 

sleep 

Melatonin, the sleep-inducing hormone, is sensitive to light; exposure to bright light at the 

beginning of the night can interfere with an individual’s ability to fall asleep, and over time can 

lead to shifts in the circadian rhythm, or a phase delay  (Phase response curve; Khalsa et al., 2003). 

Evidence suggests a dose-response relationship between light exposure and circadian rhythm 

shifts, with even dim, low intensity lights being associated with marked delays or shifts in circadian 

patterns, and suppression of melatonin secretion (Zeitzer et al., 2000). Additionally, light with 

shorter wavelengths are found to have a greater power in resetting the circadian phase (Cajochen 

et al., 2005; Lockley et al., 2003). Significant to this thesis is research that has highlighted 

differences between young people and older populations when demonstrating these relationships. 

Particularly, the impact of light exposure at night on melatonin levels are thought to be greater for 

younger adults (Figueiro & Overington, 2016; Higuchi et al., 2014), whereas younger adolescents’ 

rhythms and sleep are thought to be more sensitive to evening light exposure in comparison to 

older adolescents (Crowley et al., 2015; Crowley & Eastman, 2017).  

Research on our system’s sensitivity to light has important implications for adolescents when 

taking into account their excessive use of electronic media, particularly in the evening and at night. 

Majority of these devices, such as laptops, smartphones, tablets or televisions, contain lights 
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emitting diodes (LED) or blue light which has been shown to have a phase-delaying impact on 

circadian rhythms, by suppressing or slowing down melatonin secretion, specifically when these 

devices are used in the evening or before sleep (Cajochen et al., 2011); similar effects have been 

reported for young people (Chang et al., 2015). Studies on adolescents and young adults assessing 

the impact of pre-bedtime reading from LED devices relative to books, or wearing glasses that 

block the blue light, find that individuals report feeling less sleepy, experiencing melatonin 

suppression, delayed circadian rhythms and lower alertness the next morning (Chang et al., 2015; 

Grønli et al., 2016; van der Lely et al., 2015).  

Thus, while adolescents are experiencing a shift to biologically driven later sleeping patterns and a 

generally more evening-type circadian rhythm, the evidence discussed in this section implies that 

evening time electronic media use might be further delaying the circadian cycles of this population. 

When combining these with the effects of having to wake up early for school or university, 

unhealthy sleep patterns may perpetuate.  

 

2.6 Shortened sleep as a function of early school 

start times  

Early school start times are disruptive to adolescent sleep by restricting or shortening sleep. As 

adolescents experience a delayed sleep phase and progressively become more evening type, they 

begin going to bed later at night. However, due to school start times, young people may be forced 

to wake up early, thereby curtailing their sleep, and preventing many from sleeping the 

recommended durations of 8-10 hours per night (Kirby et al., 2011). In one of the first studies to 

empirically examine the effects of school start times in the US, Carskadon et al. (1998) found that 

students in the 10th grade who started school at 07:20 in the morning experienced significantly 

shorter sleep durations during weeknights in comparison to when they were in the 9th grade and 

had a school start time of 08:25; these results were explained via earlier wake up times, rather than 

later bedtimes. Results also showed that adolescents in the 10th grade displayed later DLMO phase 

compared to the year before, indicating a delay in their circadian rhythms. It was also reported that 

because of the shorter sleep, older adolescents experienced greater daytime sleepiness in 

comparison to their younger selves, highlighting an important negative consequence experienced 

by young people as a direct consequence of insufficient sleep. It has been suggested that young 

people experiencing restricted sleep during school nights are able to sleep for longer during the 
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weekend, not because of earlier sleep times, but because of later wake up times; these findings 

provide evidence for the preferred later sleep and wake times of young people (Gradisar et al., 

2011). However, this sleep catch-up does not replenish the benefits of sufficient daily sleep 

(Crowley et al., 2018) and the irregularity in sleep patterns might perpetuate more problems for 

young people (Gradisar et al., 2011; Olds et al., 2010). The mismatch between young people’s 

biological and social rhythms, also known as circadian misalignment (CM) or social jetlag 

(Wittmann et al., 2006), has been associated with several health problems, including physiological, 

such as cardiovascular problems, and psychiatric problems, including depression and anxiety 

(Baron & Reid, 2014), as well as other mood disorders such as seasonal affective disorder (Lewy, 

2009). Specifically in young people, social jetlag has been linked to obesity (Malone et al., 2016) 

and anxiety (Owens et al., 2019), while for young adults, there has been a link between CM and 

impaired autonomic function, such as increased heart rate (Grimaldi et al., 2016).  

The impact of early/late school start times on school performance or cognitive functioning has 

been demonstrated. Some argue that when school start times align with young people’s natural 

biological rhythms, their ability to perform tasks is optimized (Kirby et al., 2011). Studies have 

found that adolescents tend to perform better on tasks assessing their executive functioning when 

they are tested at a time of the day that aligns with their chronotype, i.e. morning testing for 

morning-type adolescents and afternoon testing for evening type adolescents (Hahn et al., 2012), 

and that in general, optimal performance on such tasks occurs later in the day (C. Yoon et al., 

1998). A meta-analytic review concluded that there were significant associations between 

chronotype and academic achievement and cognitive abilities, such that there was on the one hand, 

a positive relationship between eveningness  and cognitive ability, but a negative relationship with 

academic achievement, while on the other hand, there was a negative relationship between 

morningness and cognitive ability, but a positive association with academic performance (Preckel 

et al., 2011). These associations have found to be stronger and more prominent for school versus 

university students (Tonetti et al., 2015). This is perhaps due to the flexibility that university 

students have in choosing their own classes, that may not have early start times, and therefore, 

having a schedule that is better aligned with their biological rhythm – an assumption that has been 

supported by evidence (Smarr & Schirmer, 2018). Restricted sleep, sleep loss or debt also has 

negative effects on young people’s cognitive functioning, and declarative and procedural learning 

(Carskadon, 2011; Crowley et al., 2018; Hale & Troxel, 2018; Kirby et al., 2011). Taken together, 

this suggests that if school and university start times are aligned better with adolescents’ and young 

adults’ biological rhythms, improvements in sleep, mental health and academic performance might 

follow.   
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2.7 Summary 

In this chapter, I used Bronfenbrenner’s theory of human development to provide a theoretical 

framework of how different environmental and systemic influences work together around the 

developing adolescent. Developmental changes in adolescent sleep which have been explained via 

the two-process model of sleep, are complex and multifaceted and are a sign of maturation. These 

normative developmental processes, that are out of the control of the individual but that almost 

all individuals have to undergo, have been identified as a factor belonging to the chronosystem. 

Some of these changes include a delayed biological rhythm, a marked decrease in SWS that 

corresponds with a decrease in homeostatic sleep pressure, as well as an accompanying ability to 

resist sleep pressures, altogether expressed in young people’s preference for later bed and wake 

times. On the one hand, bedtimes might get further delayed due to young people’s excessive 

indulgence in evening and night-time electronic and social media use; this factor is identified as 

both a chronosystemic and a microsystemic element. The blue light emitted from the devices that 

are used to access media inhibit melatonin secretion and shift circadian rhythms and are argued to 

particularly affect young people due to the developmental changes they are undergoing, relative to 

older populations. These complex changes in sleep and circadian rhythms interact with 

electronic/social media forming significant proximal processes, which not only further influence 

the way sleep develops and manifests, but also influences the mental health and wellbeing of an 

individual, for example, via emotion and mood regulation or dysregulation. On the other hand, 

early school start times are identified as a factor that exists in a young person’s macrosystem. By 

dictating wake up times, school start times provide a societal context for determining adolescents’ 

sleeping patterns. However, this likely misaligns with the young person’s biological rhythms and 

preferences by enforcing early rise times, and especially when coupled with late nights, contributes 

to insufficient sleep.  
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Research Questions 
 

The previous two chapters detailed the existing literature, debates and theoretical background 

surrounding adolescent sleep, mental health and wellbeing, the use of electronic and social media 

and the role of school start times. In this chapter, the research questions that have been developed 

from this review are described.   

RQ1: Among young people, how are social and electronic media use, sleep and mental wellbeing 

associated to one another? (Studies 1 & 2) 

a. Is sleep impacted by bedtime electronic/social media use? 

b. Does sleep play a role in the relationship between electronic/social media use and 

mental wellbeing? 

 

RQ2: Are primary prevention interventions aimed at improving sleep hygiene behaviours at the 

individual level a potential solution for improving sleep among adolescents?  (Study 1) 

a. Can a brief psychoeducative intervention with parental involvement and a 

specific focus on bedtime electronic media use be effective in reducing this 

behaviour, and by extension, improving sleep?   

b. Can improvements in sleep as a consequence of reduced bedtime electronic 

media use lead to improved mental wellbeing?  

 

RQ3: Are policy-level interventions of delaying school start times an effective strategy for 

improving the sleep and mental wellbeing of adolescents? (Study 3) 

a. Is a short delay of 20 minutes sufficient to achieve improvements in sleep?  

b. Do improvements in sleep as a result of delaying school start times in the short-

term sustain themselves in the longer term?  
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A pilot cluster-randomised study to 
increase sleep duration by 
decreasing electronic media use at 
night and caffeine consumption in 
adolescents  
 

Bedtime electronic media use and caffeine consumption are risk factors for insufficient sleep 

and poor sleep quality during adolescence, which are in turn risk factors for mental wellbeing. 

Our study tested the effectiveness of a brief school-based psychoeducative intervention to 

primarily increase sleep duration, by decreasing bedtime electronic media use and caffeine 

consumption. Secondary outcomes included improving sleep quality and difficulties, daytime 

tiredness, and mental wellbeing. A pilot cluster-randomised controlled study was conducted 

involving a 25-minute psychoeducative school-based intervention combined with parent 

information. 352 adolescents from seven schools participated (Intervention Group/IG = 192 

students vs. Control Group/CG = 160 students; age: Mean = 15.09 years; SD = 1.65 years; 

Females = 163). The intervention included information on the importance of sleep and good 

sleep hygiene habits, particularly emphasizing behavioural rules of avoiding electronic media 

use at night and evening-time caffeine consumption. A leaflet containing the rules was also 

sent to parents of IG participants. Baseline and post-intervention sessions were held 

approximately four weeks apart. Multilevel analyses revealed a significant but modest 

decrease in electronic media use for participants in the IG versus CG, but showed no effect on 

caffeine consumption or sleep duration. Moreover, the intervention did not impact any 

secondary outcome. Findings indicate the potential effectiveness of a short and easily 

administrable intervention to decrease electronic media use at night, which may be 

incorporated into school curricula and standardised for wider use in primary prevention. 

However, no further benefits of the intervention were found. 
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4.1 Introduction 

A large number of adolescents do not get the recommended amount of sleep, which is eight to 

ten hours for 14-17 year olds (Hirshkowitz et al., 2015; Short et al., 2018), especially during the 

week (Gradisar et al., 2011). Relatedly, evidence also indicates that adolescents worldwide do not 

feel well restored upon awakening (Colrain & Baker, 2011). Insufficient sleep and poor sleep 

quality have negative implications for the physical, cognitive, and psychological wellbeing of 

adolescents. For instance, insufficient sleep is associated with increased daytime sleepiness and 

tiredness (Gradisar et al., 2011; Perkinson-Gloor et al., 2013; Short et al., 2018), poor academic 

performance (Dewald et al., 2010; Perkinson-Gloor et al., 2013), negative attitude towards life 

(Perkinson-Gloor et al., 2013), and decreased mood, attention and emotion regulation (Baum et 

al., 2014; Palmer & Alfano, 2017). On the other hand, better sleep quality is associated with better 

school performance (Dewald et al., 2010), and lower risk-taking behaviour (Telzer et al., 2013). 

Recent research has highlighted that night-time electronic media use is a risk factor for insufficient 

sleep and poor sleep quality amongst adolescents (Cain & Gradisar, 2010; Fossum et al., 2014; 

Hysing et al., 2015; Lemola et al., 2014; Owens, 2014). One reason for this is that the blue light 

emitted from electronic screens appears to delay melatonin secretion, which might affect the ability 

to fall asleep (Cajochen et al., 2011). Electronic media use may also curtail sleep by simply replacing 

the time for sleep, communication via social media may involve emotional content interfering with 

relaxation and sleep induction, and incoming alerts may wake adolescents up after sleep onset 

(Cain & Gradisar, 2010). However, there is also evidence to suggest that adolescents rely on late-

night electronic media use as a sleeping aid (i.e., to while away time; Bartel et al., 2019; De Bruin 

et al., 2015; Eggermont & Van den Bulck, 2006). The increasing use of electronic media in bed 

before sleep, in part, may be complemented by the increasing ownership and use of smartphones 

among adolescents across the globe (Lauricella et al., 2014). Furthermore, fear of missing out 

important social information may lead to adolescents keeping their phones online also during the 

night (Elhai et al., 2016). Smartphones allow adolescents to easily access, from the comfort of their 

beds, various forms of media such as telecommunication, gaming, videos/films and social 

networking. While the benefits of such digitalisation is indisputable, smartphone use also has its 

problems, with evidence highlighting its role in pathological disorders such as smartphone 

addiction (Haug et al., 2015), its negative impact on sleep quality and mental health (Demirci et al., 

2015), and more recently, its direct link with shorter sleep duration among adolescents (Twenge et 
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al., 2017). In this view, Demirci et al. (2015) showed that smartphone use can resemble behavioural 

addiction and be intertwined with symptoms of depression and anxiety. 

A second risk factor for insufficient sleep that has become equally prominent in recent years is the 

increasing popularity and consumption of energy drinks and other caffeinated drinks amongst 

adolescents (Owens, 2014), perhaps due to the youth-directed marketization of these products. 

Energy drinks often contain a moderate to high amount of caffeine, which has been linked to high 

blood pressure and sleep disturbances in children and adolescents (Seifert et al., 2011). Electronic 

media use in the evening before sleep and excessive consumption of caffeinated products are 

discussed in the literature as major constituents of poor sleep hygiene.  

Studies evaluating the effectiveness of psychoeducative interventions for improving sleep hygiene 

among adolescents (Blunden et al., 2012; Dewald-Kaufmann et al., 2014; Kira et al., 2014; 

Paavonen et al., 2016; Rigney et al., 2015; Tan et al., 2012; Wolfson et al., 2015) have yielded mixed 

results. While some studies report improvements in sleep duration (Dewald-Kaufmann et al., 2014; 

Rigney et al., 2015) and sleep quality and wellbeing (Rigney et al., 2015), others report only partial 

or no improvements in any outcomes (Kira et al., 2014; Moseley & Gradisar, 2009; Rigney et al., 

2015; Wolfson et al., 2015). It has been argued that parental involvement in sleep hygiene 

interventions for adolescents might be crucial in augmenting intervention effects (Short et al., 

2011). Past studies involving parents have shown positive intervention effects (Rigney et al., 2015; 

Schlarb et al., 2010). 

Recognising the growing public health concern surrounding excessive electronic media use, 

caffeine consumption and its implications for adolescent sleep (Owens, 2014), and accounting for 

past research focusing on more extensive psychoeducative sleep hygiene interventions, our study 

piloted a brief intervention that targeted bedtime electronic media use and caffeine consumption 

in the evening amongst adolescents, with the aim of increasing sleep duration. Specifically, we 

assessed whether a 25-minute psychoeducative school-based intervention combined with parental 

involvement focused on reducing bedtime electronic media use and/or consumption of 

caffeinated products in the evening, could ultimately increase sleep duration, and consequently 

improve sleep quality, daytime functioning and mental wellbeing of adolescents. It was an objective 

to develop a cost-effective primary prevention intervention that could potentially be disseminated 

on a large scale. A major purpose of primary prevention involves improving health behaviour of 

a large proportion of the population at low cost, with even small changes in a large number of 

individuals resulting in benefits at a population level (Rose, 1981).  
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We explored whether the intervention would lead to changes in the primary outcome variable 

sleep hygiene (i.e., decrease in using electronic media in bed before sleep, and decrease in 

consumption of caffeinated drinks) and improved sleep duration on weekdays and weekends. 

Secondary outcomes also investigated were decreased sleep difficulties, daytime tiredness, 

depressive symptoms, and attention and hyperactivity-related symptoms.  

 

4.2 Method 

4.2.1 Design and Procedure 

Using a cluster randomised controlled design, the third named author (NPG) allocated school 

classes to either the Intervention Group (IG; 17 classes; n= 190) or Control Group (CG; 15 classes; 

n = 158) matched regarding grade level (7th graders: 5 classes IG and 4 classes CG; 8th graders: 3 

classes IG and 3 classes CG; 9th graders: 7 classes IG and 6 classes CG; 10th graders: 0 classes IG 

and 1 class CG; 11th graders: 1 class IG and 0 classes CG; 12th graders: 1 class IG and 1 class CG), 

urbanity of the area of the school (rural: 5 classes IG and 5 classes CG; urban: 12 classes IG and 

10 classes CG) and school track (comprehensive school: 3 classes IG and 1 class CG; lower track 

secondary schools: 6 classes IG and 6 classes CG; higher track secondary schools: 8 classes IG 

and 8 classes CG).  The CG had fewer classes due to two school classes withdrawing post-

randomisation, before the first session was conducted (see Figure 4.1 for the study flowchart and 

dropout rates). 

The study had two assessment points, baseline (t1) and post-intervention (t2, approximately four 

weeks apart (M = 27 days, SD = 4 days, Range = 20 – 35 days). At baseline 45 minutes (1 school 

lesson) were available for the study, which were split into approximately 20 minutes to complete 

the questionnaire followed by 25 minutes of intervention condition/control condition. The 

intervention involved psychoeducation including two major components. First, we presented 

information regarding the importance of sleep and the role that it plays in daily functioning, 

including academic performance, bodily functions, and appearance. Second, three sleep hygiene 

rules, which were communicated as “hints for healthy sleep”, were derived in an interactive 

discussion: 

1) Sleep duration rule: Avoid sleeping less than 8 hours per night because normal sleep duration 

in adolescence should be between 8.5 – 9.5 hours. 



 

 33 

2) Behavioural rule 1: Avoid electronic media use during the last hour before planned sleep and 

switch off electronic media devices when going to bed.  

 3) Behavioural rule 2: Avoid caffeine consumption (7th grader). Restrict caffeine consumption (8-

12th graders); particularly do not consume caffeine in the evening.  

It was emphasized that these rules particularly apply for students who often feel tired, lack energy 

or suffer from poor sleep; it was communicated that the rules may not necessarily apply to those 

who do not suffer from these circumstances regularly. As a starting point for the discussion, which 

was structured and moderated by the trained researchers, we used a two-minute video clip 

(https://www.nji.nl/nl/Databank/Databank-Effectieve-Jeugdinterventies/Erkende-

interventies/SlimSlapen; De Bruin et al., 2015) showing an adolescent girl using electronic media 

late at night including mobile phone, laptop/computer, and TV and drinking energy and cola 

drinks after which she finds it hard to fall asleep.  

We also distributed an information leaflet to participants outlining these sleep hygiene rules. 

Additionally, parents of participants in the IG received the information leaflets via post, 

communicating the role of sleep for health, wellbeing, and school performance in adolescence. 

The leaflet also contained the potential role of parents for adolescents’ sleep habits, and the three 

sleep hygiene rules that were communicated to adolescents.  

The participants in the CG were given a 25-minute presentation exploring topics such as sleep in 

the animal kingdom as well as dreaming and sleep-walking in human beings. Parents of adolescents 

in the CG were not sent any material at t1. One month following the first session, a follow-up 

assessment was conducted and all participants completed the same questionnaire again. At t2, 

following the completion of the questionnaires, CG participants received all information related 

to the intervention as IG participants had at t1, including being shown the film, followed by the 

interactive discussion and the sleep hygiene rules. 

Debrief information on the study was sent to the participants by mail. 

 

4.2.2 Sample 

The target overall sample size was N = 400 with an equal distribution between IG and CG (i.e., 

200 vs. 200), which would lead to achieved power of 0.85 to detect a small to medium sized effect 

of d = 0.30 with alpha level of p = .05 (2-tailed, G*Power; Faul et al., 2009). In total 42 schools 
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(28 schools in the Canton Basel Stadt and 14 schools in the Canton Basel Landschaft; Switzerland) 

were approached. Seven schools and 34 school classes agreed to participate (with an estimated 

total N ≈ 640; estimate based on the normal class size of 20 students; the actual number of students 

per class was not recorded). Due to non-participation (n ≈ 250) and drop out after t1 (n = 38; 20 

IG vs. 18 CG), the sample was reduced to N = 352 (192 IG vs. 160 CG; Age: mean = 15.09 years; 

SD = 1.65 years; age range: 12.15-20.58 years; Females = 163; see Figure 4.1).  Participants and 

their parents were informed about the voluntary and confidential nature of the study. Informed 

consent was obtained from students as well as parents of students below the age of 18 years. The 

study was conducted between October 2012 and February 2013. The study was approved by the 

Ethics committee of Basel (EKBB; nowadays Ethics committee north/central Switzerland, 

EKNZ; Ref.Nr.EK 120/12). 
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Figure 4.1: CONSORT flow diagram depicting participation throughout the study 

 

Assessed for eligibility (n ≈ 680) 
k = 34 school classes 

Excluded (n= 250) 
• Not meeting inclusion criteria 

(n = 0) 
• Declined to participate (n = 

250) 
• Other reasons (n = 0) 

Analysed (n = 192) 
• Excluded from analysis (n = 0) 

Lost to follow-up (Not present in 2nd 
session) (n = 20) 
Discontinued intervention (n = 0) 

Allocated to Intervention (n = 212; 17 classes) 
• Received allocated intervention (n = 212) 
• Did not receive allocated intervention (give 

reasons) (n = 0) 

Lost to follow-up (Not present in 2nd session) 
(n = 18) 
Discontinued intervention (n = 0) 

Allocated to Control (n = 218; 17 classes) 
• Received allocated intervention (n = 178) 
• Did not receive allocated intervention 

(dropped-out) (n = 40; 2 classes) 

Analysed (n = 160) 
• Excluded from analysis (n = 0) 

 

Allocation 

Analysis 

Follow-Up 

Randomized (n= 430) 

k = 34 school classes 

Enrollment 
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4.2.3 Measures 

Electronic media use in bed before sleep was assessed with four items. Participants responded on 

a 5-point scale, where “1=never” and “5=most of the time to always (at 5–7 days per week)” ( 

= .78). Items assess how often participants watch television, play video games, talk on the phone 

or text, and spend online (e.g., “On a normal school night whilst you are already in bed, how often 

do you watch Videos/Films?”). 

Consumption of caffeinated products was assessed with three items and included “In a regular 

day, how many (a) cups of coffee, (b) cans of energy drinks or (c) glasses of other caffeinated sweet 

beverages do you consume?”. Participants responded on a 4-point scale, where “1=0/less than 1 

per day”, and “4=more than 3 per day”. 

Sleep duration information was collected via separate questions for weekday and weekend 

bedtimes and awakening times. Sleep duration was calculated by subtracting the time when lights 

were switched off at night from the final awakening time in the morning. 

Daytime tiredness was assessed using three items ((i) “Lately, I’ve been feeling tired or sleepy 

throughout the day”; (ii) “In school, I am often so tired that I almost fall asleep”; and, (iii) “I nap 

for at least one hour during the day.”). Participants responded on a 5-point scale, where “1=never” 

and “5=mostly to always”, with higher scores indicating more tiredness ( = .69). 

Sleep difficulties were measured using five items from the German version of the Insomnia 

Severity Index (Bastien, 2001) adapted for use with adolescents. Participants responded on a 5-

point scale, where “0=not at all/very satisfied” and “4=very much/very dissatisfied”. Items 

assessed satisfaction with current sleep, difficulties falling asleep and maintaining sleep and feeling 

rested after waking up; higher scores were more indicative of sleep difficulties ( = .71). 

Depressive symptoms were assessed using six items from the German version of the General 

Depression Scale (Hautzinger & Bailer, 1993). Participants responded on a 4-point scale, where 

“0=occurred never or rarely”, and “3=occurred most of the time or always”, with higher scores 

being indicative of depressive symptoms ( = .73). 

Attention and Hyperactivity Symptoms were measured using five items from the 

Hyperactivity/Attention subscale of the Strengths and Difficulties Questionnaire (Goodman & 

Goodman, 2009). Participants responded on a 3-point scale, where “1=not applicable”, to 

“3=clearly applicable” ( = .58). 
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4.2.4 Statistical Analyses  

A multilevel modelling approach was used for data analysis to account for the nested nature of the 

data with students clustered within school classes allocated either to the IG or CG. Models 

assessing the effect of the intervention on the outcome variables by treating group and time as 

independent variables, and participant and school class as random factors. An interaction term of 

Group*Time was also included in each model. In total, seven models were computed, one for 

each of the primary and secondary variables. Each of the seven models adjusted gender and age 

as covariates. A Bonferroni-corrected alpha-level of p < .0125 was adopted for testing effects 

regarding the four primary outcome variables (night-time electronic media use, caffeine 

consumption, weekday and weekend sleep duration). Analyses also included calculating the 

intracluster correlation coefficients (ICC) for each outcome variable. Additionally, Intention to 

Treat (ITT) analysis was conducted using the last observation carried forward method.  

The descriptive analysis was conducted using SPSS® version 24 (IBM Corporation, Armonk NY, 

US), and the multilevel and ITT analyses were implemented using the xtset, xtmixed and estat icc 

STATA (version 15) statistical packages.  

 

4.3 Results 

4.3.1 Sample characteristics 

Table 4.1 shows the baseline values of all study variables for the full sample, and also separately 

for IG and CG. No significant differences between groups at baseline were found.  

The multilevel analyses revealed that compared to girls, boys reported shorter weekend sleep ( = 

-0.34, SE = .13, p = .007), as well as lower levels of daytime tiredness ( = -0.30, SE = .08, p < 

.001), sleep difficulties ( = -0.21, SE = .07, p = .002), and depressive symptoms ( = -0.23, SE = 

.05, p < .001). Age-related effects were also found, such that with increasing age, participants 

reported higher levels of bedtime electronic media use ( = 0.71, SE = .12, p < .001), shorter 

weekday ( = -0.28, SE = .03, p <.001) and weekend sleep duration ( = -0.32, SE = .04, p < 

.001), increased daytime tiredness ( = 0.18, SE = .02, p < .001), sleep difficulties ( = 0.08, SE = 

.03, p = .004), and depressive symptoms ( = 0.06, SE = .01, p < .001).  
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Table 4.1: Mean and standard deviation of study variables separately for Intervention and Control Groups at baseline. 

 Full sample  
(N = 352) 

Intervention Group 
(n = 192) 

Control Group 
(n = 160) Independent t-test / Chi square test 

Variables Mean/n SDa/% Mean / n SD / % Mean / n SD / % t/ χ2 p dfb 
Age 15.09 1.65 14.97 1.71 15.25 1.56 1.61 .109 1,350 
Female 163 46.31 83 43.2 80 50 1.61 .205 1,1 
Smartphone ownership 295 83.81 154 80.20 141 88.10 4.66 .097 1,2 
Weekday sleep duration 
(hh:mm) 08:06 00:56 08:08 00.58 08:04 00:53 -0.74 .460 1,341 

Weekend sleep duration 
(hh:mm) 08:05 00:59 10:10 01:26 09:57 01:32 -1.39 .165 1,339 

Daytime tiredness 2.07 0.80 2.03 0.74 2.13 0.86 1.31 .193 1,348 
Sleep difficulties 2.21 0.71 2.23 0.68 2.19 0.75 -0.47 .636 1,348 
Depressive symptoms 1.76 0.49 1.77 0.51 1.75 0.46 -0.31 .754 1,350 
Hyperactivity symptoms 1.66 0.39 1.63 0.39 1.69 0.39 1.33 .186 1,349 
Electronic  media use in 
bed before sleep 9.52 4.13 9.20 3.97 9.92 4.30 1.65 .101 1,348 

Watching TV/videos       6.01 .199 1,4 
       Never 177 50.3 89 46.4 88 55.0 - - - 
       Once a week or less 58 16.5 39 20.3 19 11.9 - - - 
       Twice a week 39 11.1 22 11.5 17 10.6 - - - 
       3-4 times a week 29 8.2 18 9.4 11 6.9 - - - 
       5-7 times a week 47 13.4 24 12.5 23 14.4 - - - 
Playing video games       7.74 .171 1,4 
       Never 241 68.5 131 68.2 110 68.8 - - - 
       Once a week or less 46 13.1 28 14.6 18 11.3 - - - 
       Twice a week 32 9.1 12 6.3 20 12.5 - - - 
       3-4 times a week 21 6.0 15 7.8 6 3.8 - - - 
       5-7 times a week 9 2.6 5 2.6 4 2.5 - - - 
Communication by phone 
or text message       9.68 .085 1,4 

       Never 89 25.3 51 26.6 38 23.8 - - - 
       Once a week or less 47 13.4 34 17.7 13 8.1 - - - 
       Twice a week 39 11.1 21 10.9 18 11.3 - - - 
       3-4 times a week 58 16.5 30 15.6 28 17.5 - - - 
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 Full sample  
(N = 352) 

Intervention Group 
(n = 192) 

Control Group 
(n = 160) Independent t-test / Chi square test 

Variables Mean/n SDa/% Mean / n SD / % Mean / n SD / % t/ χ2 p dfb 
       5-7 times a week 116 33.0 55 28.6 61 38.1 - - - 
To be online (on Facebook, 
Chatroom, etc)       10.72 .057 1,4 

       Never 144 40.9 87 45.3 57 35.6 - - - 
       Once a week or less 49 13.9 31 16.1 18 11.3 - - - 
       Twice a week 39 11.1 21 10.9 18 11.3 - - - 
       3-4 times a week 51 14.5 26 13.5 25 15.6 - - - 
       5-7 times a week 66 18.8 26 13.5 40 25.0 - - - 
Caffeine consumption 4.45 1.20 4.40 1.18 4.50 1.22 0.79 .429 1,350 
Number of cups of     coffee        6.94 .074 1,3 
       Less than 1 a day 305 86.6 162 84.4 143 89.4 - - - 
       1 per day 37 10.5 27 14.1 10 6.3 - - - 
       2-3 per day 5 1.4 2 1 3 1.9 - - - 
       More than 3 per day 1 0.3 0 0 1 0.6 - - - 
Number of cans of energy 
drinks        2.76 .429 1,3 

       Less than 1 a day 288 81.8 160 83.3 128 80.0 - - - 
       1 per day 49 13.9 25 13 24 15.0 - - - 
       2-3 per day 11 3.1 6 3.1 5 3.1 - - - 
       More than 3 per day 2 0.6 0 0 2 1.3 - - - 
Number of glasses of other 
caffeinated drinks       5.00 .287 1,4 

       Less than 1 a day 96 27.3 52 27.1 44 27.5 - - - 
       1 per day 145 41.2 87 45.3 58 36.3 - - - 
       2-3 per day 87 24.7 43 22.4 44 27.5 - - - 
       More than 3 per day 23 6.5 10 5.2 13 8.1 - - - 
Note. aSD: Standard deviation. 
bdf: degrees of freedom.
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4.3.2 Intervention effects on primary outcomes 

Table 4.2 shows the results of the multilevel analyses. Results show a significant interaction term 

indicating that adolescents in the IG significantly decreased their electronic media use in bed 

before sleep between baseline and follow-up assessment compared to adolescents in the CG ( = 

-0.91, SE = .29, p = .002, d = -0.24). However, no intervention effect was found for adolescents’ 

reports of consumption of caffeinated products ( = 0.04, SE = .11, p = .721, d = 0.06), weekday 

sleep duration ( = 0.01, SE = .08, p = .902, d = 0.05) and weekend sleep duration ( = 0.09, SE 

= .13, p = .481, d = 0.13). In all models, no significant main effect of group or time were found. 

Further, no sex and age interactions were found.  

Because baseline comparisons of both groups reflected near-significant differences for electronic 

media use and caffeine consumption (see Table 4.3) we additionally conducted sensitivity analyses 

using Propensity Score Matching (using the teffect psmatch and psmatch2 STATA packages). 

These analyses involve matching of participants between the groups based on their age, gender 

and (i) baseline electronic media use and (ii) baseline caffeine consumption. Results were consistent 

with the findings of the multilevel analyses (i.e., electronic media use in bed was significantly lower 

for participants in the IG versus CG (β = -0.98, S.E. = 0.37, p = .008), while no effect was found 

for caffeine consumption, (β = 0.14, S.E. = 0.15, p = .335; see Table 4.3). 

 

4.3.3  Intervention effects on secondary outcomes 

Table 4.2 displays the results of the multilevel models. No significant intervention effects were 

found for daytime tiredness ( = 0.01, SE = .05, p = .801, d = 0.01), sleep difficulties ( = -0.02, 

SE = .05, p = .745, d = -0.01), depressive symptoms ( = -0.08, SE = .05, p = .090, d = -0.10) and 

hyperactivity symptoms ( = 0.01, SE = .03, p = .834, d = 0.03). Results showed a significant 

decrease in daytime tiredness and sleep difficulties over time in both groups ( = -0.11, SE = .04, 

p = .004 and  = -0.12, SE = .04, p = .001, respectively). One significant gender interaction for 

daytime tiredness was found ( = -0.24, SE = 0.07, p = .001), suggesting that boys relative to girls 

in the IG reported a stronger decrease in daytime tiredness. Similarly, one significant age 

interaction for depressive symptoms was found ( = -0.05, SE = 0.02, p = .007), suggesting that 

older versus younger participants in the IG reported a stronger decrease in depressive symptoms. 
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However, separate subgroup analyses for boys and girls as well as for younger and older 

participants were not significant at the Bonferroni corrected alpha level of p < .0125.  

 

4.3.4 ITT analysis  

Results from the ITT analysis echoed the results found in the multilevel analysis for primary and 

secondary variables, in terms of effect size and statistical significance. These are displayed in Table 

4.4.  
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Table 4.2: Outcome variables are shown as a function of group and time. Models were built to compare the Intervention and Control Groups over 
time, controlling for the clustering of the data. 

 
 

 
Group Time Group × Time ICC3 (SE4) 

Variables n1  CI2 p  CI p  CI p  

Media use in bed 688 -0.55 -1.37, 0.27 .190 0.05 -0.37, 0.48 .800 -0.91 -1.48, -0.34 .002 0.75 (0.02) 
Caffeine 
consumption 696 -0.08 -0.43, 0.27 .651 -0.15 -0.31, 0.02 .077 0.04 -0.18, 0.26 .721 0.63 (0.03) 

Weekday sleep 
duration 656 -0.05 -0.25, 0.14 .589 -0.01 -0.13, 0.11 .847 0.01 -0.16, 0.18 .902 0.58 (0.04) 

Weekend sleep 
duration 648 0.19 -0.10, 0.48 .209 0.02 -0.17, 0.20 .870 0.09 -0.16, 0.33 .481 0.61 (0.04) 

Daytime tiredness 688 -0.02 -0.19, 0.14 .788 -0.11 -0.19, -0.04 .004 0.01 -0.09, 0.12 .801 0.78 (0.02) 

Sleep difficulties 688 0.10 -0.09, 0.29 .298 -0.12 -0.20, -0.05 .001 -0.02 -0.11, 0.08 .745 0.79 (0.02) 
Depressive 
symptoms 696 0.05 -0.06, 0.15 .379 0.02 -0.05, 0.08 .579 -0.08 -0.17, 0.01 .090 0.60 (0.03) 

Hyperactivity 
symptoms 694 -0.04 -0.15, 0.06 .418 -0.02 -0.06, 0.03 .510 0.01 -0.06, 0.07 .834 0.68 (0.03) 

Note. Models were built adjusting for sex and age. Sex, age and constant values are not displayed in the table; significance is considered at the 
Bonferroni corrected alpha level of p < .0125 level      
1 number of data points in the model; there were 2 data points per participant (baseline and follow-up).  
2CI: Confidence Interval. 
3ICC: Intracluster correlation coefficient. 
4SE: Standard error.
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Table 4.3: Propensity score analysis of electronic media use and caffeine consumption for the Intervention and Control Groups 

 Intervention 
Group (n = 192) 

Control Group 
(n = 160) Bias (%) Bias reduction (%)  p 

 Electronic media use 
Age (years) 14.92 14.96 -2.4 88.2 

-0.98 .008 Gender 0.44 0.43 2.1 85.1 
Electronic media use (t1) 9.12 9.12 .01 99.7 

 Caffeine consumption 
Age (years) 14.92 15.14 -13.7 33.8 

0.14 .335 Gender 0.44 0.36 17.0 72.6 
Caffeine consumption (t1) 4.39 4.37 1.8 -19.3 

Note. Caffeine consumption analysis reveals that the bias% was high (i.e., above 5%). However, for all three indicators (i.e., age, gender and baseline 
caffeine consumption), the bias% was not significant, suggesting that though the bias was high, this did not impact the results negatively) 
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Table 4.4: Intention to Treat analyses using the last observation carried forward method for all outcome variables 

 
 

 Group Time Group × Time 

 n1  CI2 p  CI p  CI p 

Media use in bed 738 -0.59 -1.39, 0.21 .147 0.02 -0.40, 0.43 .939 -0.87 -1.43, -0.32 .002 

Caffeine consumption 742 -0.19 -0.56, 0.18 .303 -0.16 -0.32, -0.00 .051 0.06 -0.16, 0.27 .610 

Weekday sleep duration 723 0.00 -0.18, 0.18 .984 -0.01 -0.13, 0.11 .868 0.00 -0.15, 0.16 .950 

Weekend sleep duration 718 0.14 -0.20, 0.49 .417 0.02 -0.16, 0.19 .862 0.08 -0.16, 0.31 .521 

Daytime tiredness 738 0.01 -0.16, 0.17 .931 -0.12 -0.19, -0.04 .003 0.01 -0.10, 0.11 .892 

Sleep difficulties 738 0.09 -0.10, 0.28 .339 -0.13 -0.21, -0.06 .000 -0.01 -0.11, 0.09 .808 

Depressive symptoms 742 0.08 -0.03, 0.18 .147 0.02 -0.04, 0.09 .522 -0.09 -0.17, 0.00 .055 

Hyperactivity symptoms 740 -0.04 -0.13, 0.06 .485 -0.02 -0.06, 0.03 .477 0.00 -0.06, 0.07 .881 
Note. Models were built adjusting for sex and age. Sex, age and constant values are not displayed in the table; significance is considered at the 
Bonferroni corrected alpha level of p < .0125 level. 
1 number of data points in the model; there were 2 data points per participant (baseline and follow-up). 
2 CI: Confidence Interval. 
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4.4 Discussion 

Our study evaluated the effectiveness of a brief school-based psychoeducative intervention with 

parent involvement aimed to decrease bedtime electronic media use, caffeine consumption in the 

evening, and increase sleep duration among adolescents. Results showed that the intervention 

modestly reduced bedtime electronic media use for participants in the IG versus CG, but did not 

have an impact on caffeine consumption or sleep duration. We also found that participants in the 

IG did not show improvements in sleep quality, sleep-related problems, daytime tiredness, or 

depressive and hyperactivity-related symptoms.  

The modest decrease in electronic media use may have been triggered by an increase in 

participants’ knowledge regarding the negative impact of bedtime electronic media use on sleep 

and mental health. This is in line with studies showing that psychoeducative sleep interventions 

increase participants sleep-related knowledge (Blunden et al., 2012; Rigney et al., 2015). Moreover, 

it is possible that increased parental monitoring of adolescents’ bedtime routine and encouraging 

of good sleep hygiene as a potential consequence of the information leaflet for parents regarding 

adolescent sleep and sleep hygiene, may have triggered the adolescents’ behaviour change (Kalak 

et al., 2012; Rigney et al., 2015; Schlarb et al., 2010; Short et al., 2011). As a limitation, we cannot 

disentangle the relative contribution of the psychoeducative intervention for the adolescents and 

the parental information leaflets, or whether the combination of the two approaches was crucial 

for the reported decrease in adolescents’ bedtime electronic media use.  

Our results also showed that the decreased electronic media use did not have an impact on sleep 

duration and any of the secondary outcomes, thereby not lending support to previous findings 

that suggested that bedtime electronic media use is a risk factor for poor sleep, and consequently 

for poor mental wellbeing during adolescence (Brunborg et al., 2011; Cain & Gradisar, 2010; 

Fossum et al., 2014; Hysing et al., 2015; Lemola et al., 2014; Owens, 2014). Notably, these previous 

findings were based on cross-sectional data and therefore do not inform about causality. Therefore 

it remains possible that electronic media use is not a causal factor for poor sleep in adolescence 

but rather its consequence; adolescents who find it difficult to fall asleep might use their electronic 

devices as a sleeping aid (Eggermont & Van den Bulck, 2006).  

However, one has also to bear in mind the following alternative explanations for finding no 

intervention effects on sleep duration and difficulties, daytime tiredness and mental wellbeing. 

First, the effect size associated with the intervention was modest (d = -0.24), and the decrease in 
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media use might have been too small to result in changes of sleep and other secondary outcomes. 

Second, we did not measure the quality of the experience related to electronic media use at night, 

which might be more important for sleep quality and mental health (Woods & Scott, 2016). For 

instance, interactions on social media may have emotionally arousing effects, and lead to increased 

worrying which may negatively impact sleep (F. C. Brown et al., 2002). Third, through our primary 

prevention approach, we targeted a sample of adolescents at relatively low-risk of poor mental 

health. It is possible that intervention effects would have been more pronounced if specifically 

adolescents with highly elevated levels of media use or poor sleep were targeted. Previous studies 

that tailored sleep hygiene interventions according to the specific needs of at-risk individuals were 

more successful in improving sleep patterns and mental wellbeing in adolescents compared to our 

one size fits all approach (Dewald-Kaufmann et al., 2014). It is possible that future smart device-

assisted interventions delivering individualized information to participants, may fit the purpose of 

specifically tailored interventions which can be widely administered at low cost.  

 

4.4.1 Limitations 

Our study is not without limitations. First, the a priori power and sample size calculations did not 

account for the clustered design of the study. The results of the high intracluster correlations 

(displayed in Table 4.2) suggest that the study was underpowered to detect modest effects. Further, 

in this pilot study, the small sample size did not allow for subgroup analyses among more 

vulnerable participants. It is for instance possible that interventions are more effective for 

adolescents with excessive electronic media use or excessive caffeine consumption. Second, the 

study had only a short follow-up period of four weeks, which disallowed assessing longer-term 

effects of the intervention. Third, all measures were based on subjective reports and could have 

been affected by memory biases. In a related vein, the assessment of caffeine consumption did not 

have an option to indicate no caffeine consumption at all, therefore, the measure may not have 

been sensitive to distinguish between abstainers and consumers of low amounts of caffeine. 

Fourth, we cannot discard the possibility that participants were aware that they were part of the 

IG or the CG, potentially leading their responses at follow-up to be biased by social desirability 

effects. Finally, the study did not collect any information regarding parental styles or parental 

relationship quality with the child, which may have helped ascertain the psychosocial mechanisms 

related to parenting that could have contributed to the intervention effects.  
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4.5 Conclusion  

By using a cluster randomised controlled design, we evaluated the effectiveness of a 25-minute 

school-based psychoeducative intervention combined with parental involvement on improving 

sleep duration by decreasing bedtime electronic use and caffeine consumption among adolescents. 

We found a modest decrease in electronic media use for participants in the IG versus CG, while 

there were no other differences between the groups in all other measures, including secondary 

measures of mental wellbeing. While the intervention was only partially and modestly successful, 

it indicates the feasibility of a short and easily administrable intervention that could be incorporated 

into school curricula and standardised for a wider use in primary prevention of late night electronic 

media use. The findings also suggest the need for better understanding whether and how night 

time electronic media use impacts adolescents’ sleep, mental health, and wellbeing. Due to the 

limitations of our pilot study, we suggest that future research uses larger samples with a higher 

number of school classes to account for the similarity in behaviours such as electronic media use 

among peers in school classes. Further, research could also complement subjective reports with 

objective measures of sleep through actigraphy. Studies that experimentally disentangle the effects 

of different types of electronic media use and the role of the individual electronic media use 

experience for adolescents’ sleep are needed to allow researchers and policymakers addressing a 

growing public health concern.  
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Bedtime social media use, sleep 
and affective wellbeing in young 
adults: An experience sampling 
study 
 

 

Findings from primarily cross-sectional studies have linked more extensive social media use to poorer 

sleep and affective wellbeing among adolescents and young adults. This study examined bedtime social 

media use, sleep, and affective wellbeing, using an experience sampling methodology with the aim of 

establishing a day-to-day temporal link between the variables. The study hypothesized a positive 

association between increased bedtime social media use and lower affective wellbeing the following 

day, mediated by poorer sleep. Using a smartphone application, 101 undergraduate students (Mage = 

19.70 years, SD = 1.09), completed daily questionnaires assessing the previous night’s bedtime social 

media use and sleep duration and satisfaction (one measurement per day sent at 08:00), and momentary 

affective wellbeing (five measurements per day, at randomly varying times between 08:00 and 22:00 

on weekdays and 10:00 and 22:00 on weekends), for 14 consecutive days. Objective assessments of 

total sleep time and sleep efficiency were obtained via wrist-worn actigraphs. By means of separate 

multilevel models, it was tested whether increased bedtime social media use predicted poorer sleep the 

same night, whether poorer sleep was predictive of positive and negative affect the following day, and 

whether sleep mediated the relationship between social media use and affective wellbeing. Increased 

bedtime social media use was not associated with poorer sleep the same night. Apart from subjective 

sleep satisfaction, no other sleep variable (i.e., subjective sleep duration, objective total sleep time and 

objective sleep efficiency) predicted positive or negative affect the following day. This study found that 

bedtime social media use is not detrimental to the sleep and affective wellbeing of healthy young adults. 

However, it is possible that bedtime social media use may be harmful to the sleep of vulnerable 

individuals.
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5.1 Introduction 

Social media has become a central part of young adults’ lives, with reports suggesting that 

approximately 90% of this population uses at least one social media website (Pew Research Center, 

2018). On the one hand, social media affords its users’ important benefits, such as staying in touch 

with friends and family. On the other hand, it has been linked to a range of negative consequences, 

for example to poorer sleep (Levenson et al., 2016, 2017), lower affective wellbeing (Sagioglou & 

Greitemeyer, 2014; Weinstein, 2018), and poorer mental health (Keles et al., 2019).  

Studies examining the link between social media use and sleep have reported that increased use of 

social media, specifically before sleep, is associated with poorer sleep patterns. In a recent study 

using data from the Millennium Cohort Study on individuals aged between 13-15 years in the UK, 

Scott et al. (2019) found that longer time spent on social media during the day was associated with 

later sleep times and later wake up times on school days, as well as difficulty falling back asleep 

after night-time awakening. Studies also report that increased social media use at night before sleep 

is associated with more sleep disturbances (Levenson et al., 2016, 2017). It is known that the blue 

light emitted from electronic devices such as smartphones can interfere with melatonin secretion, 

thereby interfering with the body’s ability to fall asleep (Cajochen et al., 2011). Engaging in social 

media in bed before sleep might also replace and hence reduce sleep time, or increase emotional 

or cognitive arousal, making it difficult to mentally switch off (Levenson et al., 2016, 2017). 

However, it may also be that adolescents and young adults use social media in bed as a sleeping 

aid, as shown in a three-year longitudinal study by Tavernier and Willoughby (2014). 

When examining the relationships between social media use and mental health and affective 

wellbeing among adolescents and young adults, research suggests that excessive social media use 

is associated with a higher risk of displaying depressive symptoms (Donnelly & Kuss, 2016; Keles 

et al., 2019; Lin et al., 2016; Woods & Scott, 2016), anxiety symptoms (Primack et al., 2017), and 

having lower self-esteem (Kalpidou et al., 2011; Valkenburg et al., 2006). Evidence on the impact 

of social media use on affective wellbeing (i.e., the frequency and intensity of positive and negative 

emotions and mood; Luhmann et al., 2012) of adolescents has highlighted that longer periods of 

social media use are linked to lower levels of positive affect and higher levels of negative affect 

(Sagioglou & Greitemeyer, 2014; Weinstein, 2018), perhaps due to the negative social comparisons 

that users engage in while browsing (Z. Brown & Tiggemann, 2016; Lup et al., 2015; Weinstein, 

2018; S. Yoon et al., 2019). However, when assessing these associations in samples of young adults, 

studies have found mixed results, suggesting that the risk of developing poor mental and affective 
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wellbeing as a result of social media use is at least lower in this population, than previously thought. 

For instance, while there is evidence for a link between increased social media use and decreased 

positive affect (Y. Wang et al., 2015), some studies have found no relationship between social 

media use and other wellbeing indicators such as depressive symptoms (Berryman et al., 2018; 

Jelenchick et al., 2013).  

Studies considering the relationship between social media use, mental or affective wellbeing and 

sleep mainly purport that excessive social media use is linked to both poorer sleep indicators and 

poorer mental health (e.g., Woods & Scott, 2016). Such evidence points to a possible domino effect 

relationship between the three variables; specifically, that the negative impact of social media use 

on adolescents’ and young adults’ sleep may further spill over to their affective wellbeing. It is well 

known that sleep plays an important role in maintaining healthy physical and mental functioning; 

for instance, sleep deprivation can be detrimental to an individual’s affective wellbeing (Baum et 

al., 2014; Talbot et al., 2010). In a recent study involving adolescents, Shen et al. (2018) found that 

shorter sleep was associated with lower positive affect, while poorer subjective sleep quality was 

linked to higher levels of negative affect. Studies conducted on samples of young adults report 

similar findings, namely that subjective experience of poor sleep is linked to lower positive affect 

(Pilcher & Ott, 1998; Rossa et al., 2014).  

The mediation of the relationship between social media use at night and poor mental wellbeing by 

poor sleep has been supported in studies with adolescents. Lemola et al. (2015) reported that 

increased social media use before sleep might be associated with shorter sleep duration and more 

sleep difficulties, which in turn might be associated with higher levels of depressive symptoms. 

Similarly, Kelly et al. (2018) reported that excessive social media use may be associated with poor 

sleep amongst other factors, and that poor sleep may be related to increased depressive symptoms. 

As a major limitation, these studies have used cross-sectional designs, which do not allow causal 

or temporal interpretation. Thus, conclusions from these studies need to be inferred cautiously 

and are weak evidence for advice about media use to young people.  

To overcome this limitation, our study employs an experience sampling methodology over 14 

consecutive days to examine the temporal links between participants’ bedtime social media use, 

sleep, and affective wellbeing. Our study aimed to answer the following questions. First, is 

increased social media use at night before sleep associated with poorer sleep afterwards? Second, 

based on Lemola et al.’s (2015) research, does poor sleep mediate the relationship between social 

media use the previous night and affective wellbeing the following day? In particular, the primary 

hypotheses were (i) increased social media use before sleep is negatively associated with both 
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subjective and objective sleep quality indicators (i.e., shorter subjective sleep duration, shorter 

actigraphy-measured total sleep time, poorer subjective sleep satisfaction, and lower actigraphy-

measured sleep efficiency) the same night; (ii) Poorer sleep quality indicators the previous night 

(i.e., shorter subjective sleep duration, shorter actigraphy-measured total sleep time, poorer 

subjective sleep satisfaction, and lower actigraphy-measured sleep efficiency) are associated with 

increased negative affect and decreased positive affect the following day; (iii) Sleep quality 

indicators (i.e., subjective sleep duration, actigraphy-measured total sleep time, subjective sleep 

satisfaction and actigraphy-measured sleep efficiency) will mediate the positive relationship 

between increased social media use before sleep and higher levels of negative affect and lower 

levels of positive affect the following day. Based on the rationale that sleep the previous night 

might differentially impact affective wellbeing at different time points in the following day (Könen 

et al., 2016; Konjarski et al., 2018; Wrzus et al., 2014), we also explored whether associations of 

bedtime social media use and sleep with affective wellbeing the following day were stronger for 

positive and negative affect reported in the morning versus the afternoon. 

Finally, following the notion that individuals differ in their vulnerability to effects of stressors on 

sleep (Drake et al., 2004), we explored whether associations between social media use at night, 

sleep, and affective wellbeing are more pronounced in the subgroup of participants with increased 

depressive symptom levels (that were measured once at the beginning of the study), as a potential 

indicator of increased vulnerability. In particular, this exploratory analysis was driven by the 

rationale that individuals with higher levels of depressive symptoms at baseline are more vulnerable 

to experiencing both disrupted sleep and higher levels of negative affect over the 14 days that the 

study took place (Vargas et al., 2015). 

 

5.2 Method 

5.2.1 Design and procedure  

Undergraduate students at the University of Warwick, who owned either an Android or iOS 

smartphone, were invited to participate through the University research participant recruitment 

system as well as from a previous study where individuals had consented to be contacted for the 

experience sampling study. Data collection occurred in five batches, between October 2017 and 

February 2018 (batch 1: 31st Oct till 14th Nov 2017; batch 2: 21st Nov till 5th Dec 2017; batch 3: 9th 

Jan till 23rd Jan 2018; batch 4: 30th Jan till 13th Feb 2018; batch 5: 20th Feb till 6th March 2018) 
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because only 25 actigraphy devices were available for concurrent testing. Each batch took part in 

the study for 14 consecutive days, always beginning on a Tuesday. During the introductory session, 

after signing informed consent forms, participants completed a 30-minute baseline questionnaire, 

where information regarding demographics, emotional investment in social media, sleep habits 

and behaviour, and depressive symptoms in the preceding two weeks were collected (see Measures 

section). The data were anonymized through individual unique codes, which were later used to 

link the questionnaire data with the actigraphy and experience sampling data. Participants were 

compensated £5 for completing the questionnaire. 

Next, each participant received an actigraph, with the instruction to wear it on the non-dominant 

wrist for the entire study, and through each night (they were specifically instructed to put the 

actigraphs on before bedtime every night, in case they removed it during the day due to any reason, 

for example, for engaging in contact sports that might cause damage to the device or harm to other 

people).  

Participants then downloaded the experience sampling application mEMA (Mobile Ecological 

Momentary Assessment; www.ilumivu.com) on their smartphones. Through mEMA, participants 

received daily questionnaires that assessed their use of bedtime social media, sleep, and positive 

and negative affect across the 14 days. Per day, participants received six prompts. The first was 

sent at 08:00 every morning, with a questionnaire that collected subjective information about the 

previous night’s sleep and bedtime social media use. Participants were free to respond to this 

prompt at any time during the day but to mitigate any potential memory effects, they were advised 

to fill in the questionnaire as soon as they woke up, or at least within the first half of each day. The 

freedom to respond to this prompt at any time ensured non-interference with wake times, 

especially on weekends. The remaining five prompts were sent between 08:00 and 22:00 on 

weekdays, and between 10:00 and 22:00 on weekends, and were programmed to vary randomly 

within these broader windows, with a minimum of at least one hour between two prompts. At 

each of these five prompts, participants had to respond to items assessing their momentary positive 

and negative affect, and could only do so within 20 minutes of receiving the prompt. In total, each 

participant received 84 prompts (i.e., 14 days x 6 prompts a day). While participants were 

encouraged to respond to as many prompts as they could, they were also instructed to ignore the 

prompts in situations that could cause danger or nuisance to themselves or others around them 

(e.g., while driving, or when they were attending lectures). Compensation for participation was 

determined based on the number of prompts responded to. For each day of participation, 

individuals could receive £2.50 (and thus a total of £35 over 14 days). To receive the full amount, 
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participants had to respond to at least 56 out of the 84 prompts (67%) and were therefore allowed 

to miss an average of two prompts per day (33%).  

At the end of the study, participants were invited to the lab for a debrief session, where they were 

thanked for their participation and their experiences of participation were noted in a brief 

standardized questionnaire. The actigraphy devices were collected and compensation was 

provided.  

Figure 5.1 depicts the design of the study.
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Figure 5.1: Design of study, as detailed under days 6 and 7 (can be generalised to all 14 days), and analysis plan as represented by the arrows between boxes. 
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5.2.2 Participants  

Figure 5.2 shows the recruitment of participants in a flow diagram. A total of 129 undergraduate 

students across academic departments from the University of Warwick were recruited for the 

study. Of these, 13 were unable to participate due to problems in downloading mEMA. Four 

participants dropped out after the study commenced (one found participation too “tedious” and 

“intrusive”, and three were lost to follow-up). Data of four additional participants were excluded 

due to low compliance in the experience sampling survey (i.e., responding to less than 60% of the 

prompts). One participant’s data could not be used due to technical errors in downloading 

actigraphy data. Further, data of five participants were excluded due to incomplete day-level data 

(detailed in section 2.4.2). Last, one participant was excluded from analysis due to their age being 

more than ten standard deviations above the average age (i.e., 32 years old). This resulted in a final 

sample of 101 participants (Age: M = 19.70 years, SD = 1.09 years, range = 18 – 22 years; females 

= 65.3%). Of these, 44 were 1st-year students, 29 were 2nd-year students, 27 were 3rd-year students, 

and one was a 4th-year student.  
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Figure 5.2: Participant recruitment flowchart 

129 participants accepted the invite 
participate in the study (attended 
introductory session) 

116 completed the baseline 
questionnaire, received actigraphs and 
received prompts via mEMA  

13 unable to participate due to 
problems downloading the mEMA 
application on their smartphones  

4 dropped out after study commenced 
• 1 found participation too 

“tedious”. 
• 3 were lost to follow-up 

112 completed the study 

101 participants’ data available for 

analysis 

11 participants’ data excluded from 
analyses 

• 4 had low compliance rates 
• 1 actigraphy data could not be 

downloaded due to technical 
errors 

• 5 did not have sufficient ‘complete 
day’ data 

• 1 one was excluded due to being 
10 std. dev. above the mean age.  

Invitation to participate in study sent to: 

222 individuals who had participated in a previous study and 
had consented to be contacted for the experience sampling 

study 

Participant pool through the University research participant 

recruitment system 
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5.3 Measures and Instruments 

5.3.1 Baseline Questionnaire  

The baseline questionnaire included questions regarding demographics, such as age, sex and year 

of study, and standardized questionnaires listed below. First, emotional investment in social media 

was assessed using an adapted version of the Social Integration and Emotional Connection 

subscale of the Social Media Use Integration Scale (Jenkins-Guarnieri et al., 2013). Participants 

responded to seven questions (e.g., “I feel disconnected from friends when I have not logged into 

social media”) on a 5-point scale (“1 = Strongly disagree” to “5 = Strongly agree”). Higher scores 

reflected higher levels of investment in social media, and the scale displayed an internal consistency 

of  = .84.  

The Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) was used to obtain information on 

sleep indicators. Specifically, two subscales were utilized to measure subjective sleep duration 

(component 3) and subjective sleep quality (component 1).  

Depressive symptoms were measured using the 10-item Center for the Epidemiologic Studies of 

Depression Short Form (CESD-10; Andressen et al., 1994). Participants responded on a 4-point 

scale (“0 = Rarely or none of the time” to “3 = All of the time”), where higher scores reflected 

greater severity of symptoms, and a cut-off of 10, as defined by Andressen et al. (1994) was 

considered as increased level of depressive symptoms. The scale displayed an acceptable internal 

consistency ( = .79).  

 

5.3.2 Experience Sampling  

The first prompt sent each day assessed the previous night’s bedtime social media use and sleep. 

Social media use was measured by asking participants to indicate specifically with regard to the last 

hour before sleep, how many minutes they had spent engaging in (i) communicating with others 

by text, chat, or phone/video call (e.g., using WhatsApp) and (ii) using social media sites or 

applications (e.g., Facebook and Instagram). Total social media use the previous night before sleep 

(in minutes) was calculated by adding together participants’ responses across these two items.  

Sleep duration was assessed by asking participants to indicate on a time scroller (i) at what time 

they had switched off the lights to sleep the previous night, and (ii) at what time had they woken 
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up in the morning. Subjective sleep duration for each night was calculated by taking the difference 

between lights off time the previous night and awakening time the following morning. Sleep 

satisfaction was assessed by asking participants to indicate on a 4-point scale (“1=very dissatisfied” 

to “4=very satisfied”), how satisfied they were with their sleep the previous night.  

Positive affect (PA) and negative affect (NA) were measured using five positive items (happy, 

enthusiastic, content, relaxed, and attentive) and five negative items (upset, annoyed bored, sad, 

and worried) taken from the Positive and Negative Affect Scale (PANAS; D. Watson et al., 1988) 

and Russel’s Circumplex Model of Affect (Russell, 1980). With five prompts each day, participants 

were repeatedly asked to indicate on a 5-point scale (“1=not at all” to “5=to a large extent”), the 

extent to which they felt each of the ten affective states in the moment they received the prompt. 

Each item was presented as a separate question. Principal Axis Factoring with varimax rotation 

revealed a two-factor structure, with one positive affect factor and one negative affect factor (see 

Appendix A). Based on the results of the factor analysis, the item ‘bored’ was excluded from 

further analysis. Scores for PA and NA were computed by taking an average of the five positive 

items and four negative items, respectively. Higher scores indicated higher levels of PA and NA, 

respectively. The PA scale displayed a good reliability of  = 0.81, and the NA scale displayed an 

acceptable reliability of  = .78. The two scales were negatively correlated at r = –.54, p < .001.  

 

5.3.3 Actigraph Device  

Objective indicators of sleep were measured via the wGT3X-BT device (ActiGraph), which 

recorded information regarding participants’ movements and activity by using a 3-axis MEM 

accelerometer. Total sleep time and sleep efficiency were calculated via the ActiLife 6 software 

(provided by ActiGraph), using the Sadeh scoring algorithm with 60-second epoch length (Meltzer 

et al., 2012). The actigraph used in this study did not have a button by which participants could 

indicate the exact times that they went to sleep or when they woke up the next morning. Thus, 

anchors of each sleep episode was determined by participant’s subjective sleep diaries; lights off 

time (“what time did you switch off the lights to sleep?”) was used to anchor the beginning of a 

sleep period, and get out of bedtime (“what time did you get out of bed this morning?”) was used 

to anchor the end of a sleep period. These retrospective assessments were taken each morning.  
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5.4 Data analyses 

The data processing and analysis plan was preregistered on the Open Science Framework on 1st 

November 2018 (https://osf.io/d6hpf). One exploratory analysis, which was not detailed in the 

preregistration, was performed on two subgroups of participants with either higher or lower levels 

of depressive symptoms. Changes made to the analysis plan are described in Appendix B.  

 

5.4.1 Descriptive statistics  

Descriptive statistics were calculated for the demographic information and standardized 

questionnaires recorded at baseline.  

 

5.4.2 Multilevel analyses   

Using the ‘mixed’ package in STATA 16, multilevel models were performed to test whether (a) 

bedtime social media use predicted sleep indicators the same night, (b) sleep indicators predicted 

positive and negative affect the following day, and (c) bedtime social media use predicted positive 

and negative affect the following day. Separate crossed effects models were performed to test each 

hypothesis, with each predictor allowed to have a random intercept for each person and each day. 

PA and NA were entered as dependent variables for models testing (b) and (c). Specifically, PA 

and NA were treated as two separate outcome variables, i.e., were not entered in statistical models 

together. To test whether sleep indicators mediated the relationship between social media use and 

affective wellbeing, Akaike Information Criterion values for each statistical model would be 

calculated and compared with one another. 

The total number of possible observations for the entire sample was 8568 (i.e., 84 prompts x 101 

participants) of which 7390 valid observations were recorded. For the primary hypotheses, data of 

only those days were included in the analyses where complete information was available for (i) 

bedtime social media use the previous night, (ii) all four sleep indicators for the previous night, 

and (iii) at least one response regarding positive and negative affect the following day (out of the 

possible five per day). This further reduced the number of observations for analyses to 5383 (73% 

of available data).  

https://osf.io/d6hpf
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To explore whether bedtime social media use and sleep is more strongly associated to affective 

wellbeing the following morning than afternoon, the first two affect measurements of each day 

were classified as ‘morning measurements’ (i.e., sent to participants before 12 pm) and the third 

and fourth affect measurements were classified as ‘afternoon measurements’ (i.e., sent to 

participants after 12 pm), done separately for PA and NA. This hypothesis was tested using a 

crossed effects model, where the predictor was allowed to have a random intercept for each person 

and each day. The time of day (morning and afternoon) was treated as a fixed effect.  

Finally, an exploratory analysis was performed with the same multilevel models that were used to 

test the primary hypotheses with two subgroups, one with participants who had been identified as 

having increased depressive symptom levels (i.e., scores of 10 or higher) and one with lower 

depressive symptom levels (i.e., scores of 9 or lower) based on the baseline CESD-10 scores 

(Andressen et al., 1994).  

 

5.4.3 Data transformation  

In order to facilitate interpretation in terms of effect sizes, we z-standardized the predictors 

(bedtime social media use), mediators (subjective sleep duration, actigraphy based total sleep time, 

subjective sleep satisfaction and actigraphy based sleep efficiency), and outcome variables (positive 

affect and negative affect) before analysis.  

 

5.5 Results  

5.5.1 Baseline Questionnaires and Experience Sampling 

items  

Descriptive statistics are displayed in Table 5.1. 
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Table 5.1: Descriptive statistics for sample characteristics, baseline questionnaires and experience sampling questions for the full sample and two subgroups of 
participants with high and low depressive symptoms based on baseline CESD-10 scores 

 Full sample 
(N = 101) 

High levels of 
depressive symptoms 

(n = 50) 

Low levels of 
depressive symptoms 

(n = 51) 

Females 
(n = 66) 

Males 
(n = 35) 

 Mean SD1 Mean SD Mean SD Mean SD Mean SD 
Age (years) 19.70 1.09 19.63 1.05 19.55 1.14 19.69 0.97 19.40 1.29 
Baseline Questionnaires 
Social Integration and Emotional Connection 
subscale 

22.72 6.21 23.5 5.86 21.73 6.66 23.00 5.98 21.86 6.91 

Pittsburgh Sleep Quality Index           
Sleep duration subscale 7h 22min 1h 12min 7h 9min 1h 16min 7h 35min 1h 5min 7h 18min 1h 13min 7h 29min 1h 10min 
Sleep quality subscale 1.13 0.63 1.36 0.63 0.90 0.54 1.06 0.58 1.26 0.70 
Center for the Epidemiologic Studies of 
Depression Short Form 

10.20 5.48 14.59 4.15 5.89 2.18 10.57 5.34 9.50 5.72 

Experience Sampling items* 
Social media use in the last hour before sleep 
(min)2 

8.68 14.72 10.07 15.27 7.39 13.93 9.03 15.84 7.97 12.08 

Subjective sleep duration (min)2 466.12 105.79 463.49 109.73 467.87 101.98 469.16 101.46 459.92 113.86 
Subjective lights off time2  00:54 2h 16min 01:14 2h 28min 00:35 2h 1min 00:40 1h 28 min 01:24 3h 13 min 
Subjective wake time2 08:30 1h 34min 08:36 2h 7min 08:23 1h 25min 08:29 1h 19min 08:32 2h 22min 
Actigraphy measured total sleep time (min)3 496.95 111.95 496.52 118.75 496.41 105.28 500.11 105.56 490.53 123.73 
Subjective sleep satisfaction2 2.83 0.73 2.77 0.74 2.89 0.72 2.80 0.71 2.92 0.77 
Sleep efficiency3 80.97 9.32 82.40 8.54 79.64 9.66 82.15 9.05 78.57 9.40 
Positive affect4 2.74 0.82 2.51 0.78 2.93 0.79 2.68 0.78 2.84 0.87 
Negative affect4 1.63 0.67 1.80 0.70 1.47 0.59 1.74 0.78 1.63 0.77 

Note. 1SD: Standard Deviation  
2 based on single questionnaire that participants’ answered each morning regarding information about the previous night;  
3 based on daily actigraphy data;  
4 based on information collected via five random questionnaires sent through the day;  
* information collected over 14 consecutive days 
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5.5.1.1 Baseline Questionnaire 

The mean score for the Social Integration and Emotional Connection subscale was 22.72 (SD = 

6.21; range = 7 – 34; higher scores indicate higher investment). 

PSQI scores indicated that participants’ subjective sleep duration per night was an average of 7 

hours 22 minutes (SD = 1h 12min). On average, participants in the study reported good sleep 

quality (M = 1.13, SD = 0.63; range = 0 – 3), with 78 participants (77%) reporting either very good 

(0) or fairly good (1) sleep quality over the previous month.   

Results from the CESD-10 revealed that 50 participants (49% of the total sample) experienced 

increased levels of depressive symptoms, scoring equal to or above the cut-off of 10 (M = 10.20, 

SD = 5.48; range = 1 – 27). 

 

5.5.1.2  Social media use, sleep, positive affect and negative affect 

measured by Experience Sampling 

Data collected over the 14 days indicated that on average, participants were spending 9 minutes 

on social media in the last hour before sleep at night. However, approximately 44% of all responses 

indicated that participants had not engaged in any bedtime social media use (i.e., zero minutes). 

Across all observations (i.e., across measurements and participants), subjective sleep duration 

averaged at around 7 hours and 46 minutes (SD = 1h 46min), while actigraphy measured total 

sleep time was around 8 hours 17 minutes per night (SD = 1h 52min). Subjective sleep satisfaction 

scores averaged 2.83 (SD = 0.73, where “1=very dissatisfied” and “4=very satisfied”), while sleep 

efficiency estimated by the actigraphy was 80.97% (SD = 9.32%). Finally, the mean scores of PA 

and NA across all participants and measurements were M = 2.74 (SD = 0.82), and 1.70 (SD = 

0.76), respectively. 

 

5.5.2 Relationship between social media use, sleep, 

positive and negative affect  

Results from the analysis examining the relationships between social media use, sleep, and positive 

and negative affect, respectively, are displayed in Table 5.2. Based on inspection of Q-Q plots of 

residual variance, all statistical models met the assumption of normality of residuals.  
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Multilevel models assessing the primary hypotheses showed that using social media at night before 

sleep did not predict subjective sleep duration, subjective sleep satisfaction or Actigraphy based 

sleep efficiency. However, increased use of social media the night before was associated with 

subsequent increased total sleep time measured with actigraphy ( = 0.05, SE = 0.01, p < .001). 

When assessing the link between sleep indicators and daily positive affect and negative affect, 

respectively, results showed that subjective sleep duration, actigraphy measured total sleep time, 

and sleep efficiency were not significantly associated with either affective state the following day 

(p > .05). However, higher levels of subjective satisfaction with sleep in the previous night 

significantly predicted higher levels of positive affect ( = 0.10, SE = 0.02, p < .001) and lower 

levels of negative affect ( = -0.07, SE = 0.02, p < .001) the following day. Finally, no association 

between bedtime social media use the night before and either positive or negative affect the 

following day was found. For this reason, a mediation analysis testing the role of sleep quality 

indicators in the relationship between social media use and affective wellbeing was not carried out.  

Multilevel models were also performed to explore whether bedtime social media use and sleep, 

respectively, showed an association specifically with affective wellbeing on the following morning 

or on the following afternoon. Results showed that subjective sleep satisfaction had a positive 

association with ‘morning measurements’ of positive affect (i.e., before 12 pm) and a negative 

association with ‘morning measurements’ of negative affect while no such associations for 

‘afternoon measurements’ were found ( = 0.07, SE = 0.01, p < .001 and  = -0.04, SE = 0.01, p 

= .007, respectively). No further associations were found (see Table 5.3). 
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Table 5.2: Outcome of multilevel mixed models run to test all primary hypotheses for the full sample 

 n1 Coeff (unstd)2 95% CI3 p SE4 
Sleep from social media use a      

Subjective sleep duration 5383 .02 -.01, .04 .192 .01 
Actigraphy measured total sleep time 5383 .05 .02, .07 .000 .01 
Subjective sleep satisfaction 5383 .01 -.02, .04 .525 .01 
Sleep efficiency 5383 -.02 -.04, .00 .108 .01 

Positive affect from sleep b      
Subjective sleep duration 3703 .02 -.02, .05 .315 .02 
Actigraphy measured total sleep time 3703 .01 -.03, .04 .632 .02 
Subjective sleep satisfaction 3703 .10 .07, .13 .000 .02 
Sleep efficiency 3703 -.02 -.06, .01 .187 .02 

Negative affect from sleep b      
Subjective sleep duration 3706 -.02 -.05, .01 .240 .02 
Actigraphy measured total sleep time 3706 -.00 -.03, .03 .978 .02 
Subjective sleep satisfaction 3706 -.07 -.11, -.04 .000 .02 
Sleep efficiency 3706 .02 -.02, .05 .358 .02 

Positive affect from social media use c 3703 .02 -.01. .05 .237 .02 
Negative affect from social media use c 3706 -.00 -.04, .03 .851 .02 

Note. 1 number of observations in the model. 
2Coeff (unstd): unstandardised coefficient. 
3CI: Confidence Interval. 
4SE: Standard error. 
a predicting sleep from social media use before sleep the same night;  
b predicting affective wellbeing the following day from sleep the previous night;  
c predicting affective wellbeing the following day from social media use the previous night. 
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Table 5.3: Outcome of multilevel mixed models run to test whether bedtime social media use and sleep are associated more strongly with affective 
wellbeing the following morning versus afternoon 

 n1 Coeff (unstd)2 95% CI3 p SE4 
Positive affect in the morning versus afternoon 
from      

Subjective sleep duration 2939 .00 -.02, .03 .844 .01 
Actigraphy measured total sleep time 2939 .01 -.02, .03 .689 .01 
Subjective sleep satisfaction 2939 .07 .04, .10 .000 .01 
Sleep efficiency 2939 -.03 -.06, -.00 .049 .02 
Social media usea 2939 .00 -.03, .02 .990 .01 

Negative affect in the morning versus afternoon 
from      

Subjective sleep duration 2941 .01 -.02, .04 .586 .01 
Actigraphy measured total sleep time 2941 .01 -.02, .04 .387 .01 
Subjective sleep satisfaction 2941 -.04 -.06, -.01 .007 .01 
Sleep efficiency 2941 .02 -.01, .04 .321 .02 
Social media usea 2941 .02 -.02, .04 .413 .01 

Note. 1 number of observations in the model; a predicting sleep from social media use before sleep the same night. 
2Coeff (unstd): unstandardised coefficient. 
3CI: Confidence Interval. 
4SE: Standard Error. 
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5.5.3 Sub-group analyses 

Exploratory analysis was conducted with two subgroups of participants who either showed 

increased depressive symptom levels (i.e., who scored 10 or higher on the CESD-10 at baseline; n 

= 50; Females = 36, Males = 14) or lower depressive symptom levels (i.e., who scored 9 or lower 

on the CESD-10 at baseline; n = 51; Females = 30, Males = 21). Analysis followed those used to 

test the primary hypotheses, and results are displayed in Table 5.4. 

For participants with higher levels of depressive symptoms, results showed that bedtime social 

media use was negatively associated with subjective sleep duration ( = -0.06, SE = 0.02, p = .003). 

Sleep satisfaction was positively associated with positive affect (= 0.09, SE = .02, p < .001) and 

negatively associated with negative affect ( = -0.07, SE = 0.02, p = .003), while actigraphy 

measured total sleep time was positively associated with negative affect ( = 0.05, SE = 0.03, p = 

.035) the following day. No association of social media use with positive or negative affect the 

following day was found.  

For participants with lower levels of depressive symptoms, results showed that bedtime social 

media use was positively associated with subjective sleep duration ( = 0.09, SE = 0.02, p < .001), 

and actigraphy measured total sleep time ( = 0.12, SE = 0.02, p < .001). Subjective sleep duration, 

actigraphy measured total sleep time, and subjective sleep satisfaction, were positively associated 

with positive affect ( = .08, SE = .03, p = .002;  = .06, SE = .03, p = .016;  = .11, SE = .02, p 

< .001, respectively), but negatively associated with negative affect the following day ( = -0.10, 

SE = 0.02, p < .001;  = -0.06, SE = 0.02, p = .013, and  = -0.07, SE = 0.02, p = .001, respectively). 

Similar to the group with higher levels of depressive symptoms, no relationship between bedtime 

social media use and positive and negative affect the following day was found.  
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Table 5.4: Outcome from models testing primary hypotheses on a sub-groups of participants identified with high (scoring 10 or higher) and low levels 
of depressive symptoms based CESD-10 baseline scores 

 n1 Coeff (unstd)2 95% CI3 p SE4 
Subgroup with high depressive symptoms (n = 50) 

Sleep from social media use a      
• Subjective sleep duration 2603 -.06 -.10, -.02 .003 .02 
• Actigraphy measured total sleep time 2603 -.03 -.07, .01 .094 .02 
• Subjective sleep satisfaction 2603 -.02 -.06, .02 .356 .02 
• Sleep efficiency 2603 -.02 -.05.01 .251 .02 

Positive affect from sleep b      
• Subjective sleep duration 1771 -.03 -.08, .01 .129 .02 
• Actigraphy measured total sleep time 1771 -.03 -.08, .01 .131 .02 
• Subjective sleep satisfaction 1771 .09 .05, .13 .000 .02 
• Sleep efficiency 1771 -.00 -.06, .05 .890 .03 

Negative affect from sleep b      
• Subjective sleep duration 1772 .04 -.01, .09 .084 .03 
• Actigraphy measured total sleep time 1772 .05 .00, .11 .035 .03 
• Subjective sleep satisfaction 1772 -.07 -.12, -.03 .003 .02 
• Sleep efficiency 1772 .02 -.05, .08 .628 .03 

Positive affect from social media use c 1771 .03 -.01, .07 .166 .02 
Negative affect from social media use c 1772 .01 -.04, .05 .830 .02 

Subgroup with low depressive symptoms (n = 51) 
Sleep from social media use a      

• Subjective sleep duration 2780 .09 .05, .12 .000 .02 
• Actigraphy measured total sleep time 2780 .12 .08, .15 .000 .02 
• Subjective sleep satisfaction 2780 .03 -.00, .07 .086 .02 
• Sleep efficiency 2780 -.03 -.06, .01 .134 .02 

Positive affect from sleep b      
• Subjective sleep duration 1932 .08 .03, .13 .002 .03 
• Actigraphy measured total sleep time 1932 .06 .01, .11 .016 .03 
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 n1 Coeff (unstd)2 95% CI3 p SE4 
• Subjective sleep satisfaction 1932 .11 .07, .16 .000 .02 
• Sleep efficiency 1932 -.03 -.08, .01 .142 .02 

Negative affect from sleep b      
• Subjective sleep duration 1934 -.10 -.13, -.04 .000 .02 
• Actigraphy measured total sleep time 1934 -.06 -.10, -.01 .013 .02 
• Subjective sleep satisfaction 1934 -.07 -.11, -.03 .001 .02 
• Sleep efficiency 1934 .01 -.03, .05 .599 .02 

Positive affect from social media use c 1932 .01 -.04, .06 .716 .03 
Negative affect from social media use c 1934 -.01 -.06, .04 .702 .02 

Note: 1 number of observations in the model. 
2Coeff (unstd): unstandardised coefficient. 
3CI: Confidence Interval. 
4SE: Standard Error. 
a predicting sleep from social media use before sleep the same night. 
b predicting affective wellbeing the following day from sleep the previous night. 
c predicting affective wellbeing the following day from social media use the previous night.  
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5.6 Discussion  

Contrary to our primary hypotheses, bedtime social media use did not predict subjective sleep 

duration, sleep satisfaction, or sleep efficiency, while predicting longer objective total sleep time. 

Higher subjective sleep satisfaction was positively associated with positive affect and negatively 

associated with negative affect the following day, particularly when affect was measured in the 

morning. The sizes of these effects, however, were small. No other sleep indicator was associated 

with either positive affect or negative affect the following day. Finally, social media use before 

sleep did not predict positive or negative affect the following day.  

Our findings are contrary to previous studies in the field that have reported associations between 

increased bedtime social media use and poorer affective and mental wellbeing (Burke et al., 2010; 

Lin et al., 2016; Primack et al., 2017; Sagioglou & Greitemeyer, 2014), and between social media 

use and poor sleep (Lemola et al., 2015; Levenson et al., 2017; Scott et al., 2019). Important 

distinctions between our study and previous research might account for these dissimilarities. First, 

findings reported in the literature are largely based on cross-sectional studies, and therefore the 

direction of the relationship between social media use and affect remains unclear. It is also possible 

that a potential third variable is confounding the relationship between social media use and poor 

affective and mental wellbeing. By employing an experience sampling methodology, we were able 

to disentangle the day-to-day temporal associations between bedtime social media use, subsequent 

sleep, and mood the following day by accounting for within-individual change in these variables. 

Second, a majority of studies in the field have been conducted on children and adolescents, with 

a focus on general media use on sleep and mental health (Chahal et al., 2013; Li et al., 2007; Van 

den Bulck, 2004). Findings from our study echo those who have examined these relationships 

specifically among older adolescents and young adults, suggesting no association between social 

or general media use and sleep or mental health (Berryman et al., 2018; Jelenchick et al., 2013). 

Tavernier and Willoughby (2014) found that in young adults, sleep problems preceded bedtime 

media use and not vice versa. Unlike adolescents’ and children who have earlier rise times on 

weekdays dictated by early school start times, university students are afforded more flexible rise 

times due to class schedules that often have later start times. Since attendance to lectures is non-

mandatory, this also provides university students with the option to skip classes if those begin 

early in the morning. Consequently, university students may not be restricted to specific bedtimes, 

or may simply compensate for later bedtimes by waking up later the next morning. In our study, 

participants indicated on average a bedtime of 01:00 am, and a wake-up time of 08:30 am and their 
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average subjective sleep was within the recommended range of sleep duration for their age group 

(7-9 hours for 18-25 year olds; National Sleep Foundation, 2015), suggesting that participants were 

able to obtain, on average, a sufficient number of hours of sleep. 

Our study focussed on bedtime social media use and not general electronic media use, suggesting 

perhaps that social media use alone may not be as detrimental as previously considered (Chahal et 

al., 2013; Lemola et al., 2015). However, it is important to note that participants in our study were 

not excessive users of social media at bedtime. The average social media use in the last hour before 

sleep across the 14-day study period was approximately nine minutes, with zero minutes use being 

indicated in 44% of all observations.  

To assess whether bedtime social media use would differentially impact participants based on 

degree of vulnerability, we conducted a subgroup analysis comparing individuals with lower and 

higher levels of depressive symptoms, reported at baseline. We found that in participants with 

higher levels of depressive symptoms, bedtime social media use was negatively associated with 

subjective sleep duration; the size of this effect, however, was small. Our results are consistent 

with the notion that bedtime social media use can have a stronger negative impact on sleep in 

individuals who are more vulnerable to stress and depressive symptoms. Shorter sleep has been 

found to be a risk factor in experiencing depressive symptoms for adolescents and young adults 

(Steptoe et al., 2006; Zhai et al., 2015; Pasch, 2010). Zhai et al. (2015) suggested that this might be 

due to an increase in feelings of daytime tiredness, which can, in turn, be predictive of experiencing 

negative emotions and further increase depressive feelings. However, our results did not show an 

association between bedtime social media use and positive and negative affect the following day 

in the subgroup analysis, suggesting that bedtime social media use does not negatively affect the 

affective wellbeing of vulnerable individuals.  

Finally, for individuals with lower levels of depressive symptoms, we found that shorter objective 

sleep (as measured by actigraphs) was associated with higher levels of negative affect the following 

day. This aligns with findings from previous studies, for example Wrzus et al. (2014) reported 

poorer affective wellbeing when subjective sleep was shorter the previous night in a sample of 

non-clinical adolescents and young adults. We identified an opposite pattern in individuals with 

increased levels of depressive symptoms, whereby longer objective sleep was associated with 

higher levels of negative affect the following day. While there is previous research that links longer 

sleep with depressed mood (e.g., Zhai et al., 2015), the underlying reasons for the reversed effect 

for participants with higher levels of depressive symptoms observed in our study remains unclear. 
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5.6.1 Limitations and Future Research  

This study is not without limitations. First, the retrospective subjective assessment of bedtime 

social media use on the following day may have led to underestimations of actual social media use. 

While we tried to mitigate this limitation by requesting participants to respond to the questions as 

soon as they woke up the next morning, future studies could make use of unobtrusively obtained 

objective assessments (e.g., using smartphone technology that records social media use). However, 

obstacles to accessing objective recordings of social media use include strict privacy legislation 

discouraging companies from sharing such data with researchers, but also that individuals access 

social media via multiple electronic devices such as smartphones, tablets or computers, which 

would require synchronically monitoring of various social media platforms. Second, the actigraphy 

devices used in our study did not allow participants to indicate the beginning and end of each sleep 

spell via button press, which may have affected the efficiency of the device in measuring accurate 

sleep anchors. We addressed this concern by using information from participants’ subjective sleep 

diaries filled in the next day to anchor the beginning and end of each sleep episode, which may be 

subject to memory distortions. Third, the participants of the study were self-selected, and it is not 

clear whether they were representative of university students. To address this limitation, our 

sample was recruited across several academic departments and across different cohorts. However, 

the number of participants reporting levels of high depressive symptoms was greater than would 

be expected (i.e., 49% in the current study versus around 21% in young adults aged between 16-

24 years, Office of National Statistics, 2019), which could be an effect of self-selection into the 

study. Fourth, due to the observational study design it was not possible to infer causality. For 

instance, findings of the subgroup analysis that participants with increased depressive symptom 

levels show an association between pre-sleep social media use and subsequent sleep which could 

involve both effects of social media use on sleep as well as effects of difficulties falling asleep on 

the propensity to use social media. Finally, some studies have suggested that different types of 

social media may yield differential impacts on wellbeing. For instance, passive consumption of 

social media (e.g., browsing content) has a more negative impact on mental and affective wellbeing 

than actively using social media (e.g., sharing content; Thorisdottir et al., 2019; Verduyn et al., 2015). 

We did not record these differences, and future research might examine the role of different types 

of social media use. 
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5.7 Conclusion 

Our study provides evidence that bedtime social media use may not be as detrimental to the sleep 

and affective wellbeing of young adults as previously thought. While vulnerable young adults with 

increased levels of depressive symptoms might be at higher risk of experiencing a negative impact 

of bedtime social media use on subsequent sleep, their affective wellbeing the following day 

remained unaffected.  
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Effects of a 20 minutes delay in 
school start time on bed and wake 
up times, daytime tiredness, 
behavioural persistence, and 
positive attitude towards life in 
adolescents 
 
 

Preliminary evidence suggests that delaying school start times is an effective tool for improving 

adolescent sleep duration. Our study assessed whether a policy driven 20-minute delay in school start 

times led to an increase in adolescents’ weekday bed and wake up times. Data collected via school 

satisfaction surveys concerned 663 students (45.2% females, Mean age: 14.91 years, SD = .58 years) 

in three lower-track secondary schools in Switzerland. Of all the students, 249 experienced a policy-

driven 20-minutes school start time change (SSTc), from 7:40 am to 8:00 am between the 8th and 9th 

grade, while 414 students did not (Comparison Group/CGSSTc). Students filled out the survey twice, at 

the end of their 8th and 9th grades, respectively, and reported their weekday bed and wake up times, 

daytime tiredness, behavioural persistence, and positive attitude towards life. Generalized estimating 

equations models of bed and wake up times showed that there was a significant delay in both the bed 

and wake up times of the students in the SSTc group. Multilevel analyses revealed that students in the 

SSTc group did not significantly differ from CG students in daytime tiredness, behavioural persistence, 

and positive attitude towards life. Findings suggest that not only wake up times but also bedtimes may 

shift later when school start times are delayed. The 20 minutes delay in school start times may have 

been too slight to have an impact on daytime tiredness, behavioural persistence and positive attitude 

towards life.  
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6.1 Introduction 

Chronic sleep reduction can have detrimental effects on the lives of adolescents, with evidence 

linking it to decreased mental and physical alertness, increased feelings of anxiety, depression and 

hopelessness, poor academic performance, and obesity, among others (Dewald et al., 2010; Minges 

& Redeker, 2016; Paruthi et al., 2016; Perkinson-Gloor et al., 2013; Wahlstrom et al., 2017). These 

findings become paramount considering that adolescents experience difficulty in maintaining 

schedules meeting their recommended 8 to 10 hours of sleep per night (Hirshkowitz et al., 2015; 

Morgenthaler et al., 2016; Short et al., 2018). Apart from psychosocial and behavioural factors 

such as increased academic stress and evening leisure-time use of electronic devices (Lemola et al., 

2015), there is evidence that biological changes associated with puberty contribute to a shift in 

adolescents’ circadian clock, characterized by a delay in dim light melatonin onset and offset 

(Crowley et al., 2007; Roenneberg et al., 2004). This delay results in a preference for later sleep and 

awakening times, earning adolescents’ the tag of ‘evening owls’ (Gradisar et al., 2011; Hershner & 

Chervin, 2014). The circadian phase delay becomes more pronounced for older adolescents, 

peaking at about 20 years of age (Roenneberg et al., 2004). The mismatch between adolescents’ 

sleeping habits and for instance, early weekday school start times results in a large proportion of 

adolescents experiencing chronic sleep deprivation (Bowers & Moyer, 2017; Hysing et al., 2015; 

N. F. Watson et al., 2017). 

There is preliminary evidence that adolescents’ chronic sleep reduction could be improved by 

delaying school start times. Delaying school start times is associated with longer sleep duration in 

the morning while evening bedtimes often remain unchanged resulting in increased total sleep 

time on weekdays, and leading to less daytime sleepiness, decreased tardiness, and less depressive 

feelings (Boergers et al., 2014; Minges & Redeker, 2016; Owens, 2014; Perkinson-Gloor et al., 

2013; Wahlstrom, 2002; Wolfson et al., 2007). However, a recent Cochrane Systematic Review and 

meta-analysis (Marx et al., 2017) summarizing all the relevant available evidence concluded that 

despite promising findings, there is lack of robust and conclusive evidence to support policy 

changes to delay school start times to improve sleep in adolescence. A major hurdle identified in 

the review is that all the summarized studies either lacked a controlled design or there was no 

random assignment of schools or school classes to the intervention or control groups. 

The lack of robust evidence is mainly explained by challenges associated with implementing 

randomised controlled experimental studies within school systems where several stakeholders 

including students, parents, teachers, and employees in peripheral services (e.g., transportation 
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service employees) are affected (Lee et al., 2017; Marx et al., 2017; Morgenthaler et al., 2016; 

Wahlstrom et al., 2017). Even when legal obstacles are overcome, the implementation of delayed 

start time interventions often fails due to parents’ and teachers’ opposition to longer school days 

(Marx et al., 2017) or due to concerns of the broader society outside school, such as sports and 

arts classes facilitators (Wahlstrom, 2002). Recently, the Oxford Teensleep study illustrated the 

challenges related to recruiting schools into a randomised controlled study involving school start 

time change. The project that attempted randomising 100 schools in the United Kingdom either 

to a delayed start time at 10 a.m. condition or start time as usual at 9 a.m. condition was able to 

recruit only two schools in total. This was despite extensive advertising efforts, positive media 

coverage, availability of financial incentives of £1,000 per participating school, direct contact with 

400 state secondary schools in England and Wales and e-mail contact with in total 3,985 schools 

(Illingworth et al., 2018). 

 

6.1.1 The current study 

In a study exploring the cross-sectional differences between one school that started at 08:00 and 

five schools that started at 07:40, during the years 2010 and 2011, in Basel, Switzerland, Perkinson-

Gloor et. al. (2013) found that students in the school with later start times reported longer sleep 

duration by 16 minutes and less daytime tiredness, which were driven by later wake times and 

nearly unchanged bedtimes. These findings provided preliminary evidence that a delay in school 

start times by merely 20 minutes may already be an effective measure for improving chronic sleep 

deprivation and daytime tiredness among adolescents. However, due to the cross-sectional design 

of the study, these findings must be considered as only tentative. The current study attempts to 

overcome this limitation by evaluating a policy decision taken in 2013 to delay school start times 

by 20 minutes (from 07:40 to 08:00) in state schools in the city of Basel. Data taken twice a year 

apart (i.e., before and after school start time change) is available for one school that delayed school 

start times with effect on 1 August 2014 and from two schools that delayed school start times with 

effect on 1 August 2015. Data from previous year-cohorts of the same schools were used as the 

comparison group.  

Based on existing evidence (Boergers et al., 2014; Minges & Redeker, 2016; Owens, 2014; 

Perkinson-Gloor et al., 2013; Wahlstrom, 2002; Wolfson et al., 2007) and in line with the notion 

that during adolescence, circadian preference shifts later (Crowley et al., 2007; Gradisar et al., 2011; 

Hershner & Chervin, 2014; Roenneberg et al., 2004), as our primary hypothesis, we expect that 
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weekday wake up times were delayed among students in the school start time change condition 

relative to the comparison condition while bedtimes remained the same. As secondary hypotheses, 

we expect an increase in the length of the time window when sleep can occur on weekdays (i.e., 

the estimated time spent in bed), improvements in psychosocial adjustment including daytime 

tiredness, behavioural persistence, and positive attitude towards life in association with the delayed 

school start time relative to the comparison group.  

 

6.2 Materials & Methods 

6.2.1 Data source 

Data are from 8th-grade and 9th-grade classes from three lower-track secondary schools in Basel, 

the so-called “Weiterbildungsschulen”. At the time of data collection, in the school system of the 

City of Basel, Weiterbildungsschulen included around half of all 8th and 9th grade students of the 

City’s population while the other half of the population attended the Gymnasium (i.e., the higher 

track secondary school). Students entered the Weiterbildungsschulen, when they came into the 8th-

grade and left after they completed the 9th-grade. Data were collected at the end of every school 

year, in June, as part of the student school satisfaction survey that aims to provide teachers and 

schools managers with feedback. Students filled in the feedback questionnaire on-line, during 

school lessons. The questionnaire also included questions on bedtimes and wake times, daytime 

tiredness, behavioural persistence, and positive attitude towards life. The researchers were allowed 

access to anonymised survey data to analyse and report yearly student satisfaction rates and sleep 

behaviour.  

The design of the study is shown in Figure 6.1. Consecutive student satisfaction survey data from 

three schools are available for school years: 2012/13; 2013/14; 2014/15; and 2015/16. Only data 

on students who completed the survey twice (i.e., when they were 8th-graders and 9th-graders) were 

analysed. Hence, the analyses involve data from three consecutive cohorts; 1st cohort: Aug 2012-

June 2014; 2nd cohort: Aug 2013-June 2015; 3rd cohort: Aug 2014-June 2016. Across all three 

schools in Cohort 1, students started lessons at 07:40 at both time points (n = 275; k = 23 school 

classes). In Cohort 2, students in two schools started at 07:40 at both time points (n = 139; k = 

14 school classes), while students in the third school started at 07:40 at the first time point, but at 

08:00 at the second time point (n = 61; k = 4 school classes). Finally, in Cohort 3, students in the 

first two schools started their program at 7.40 am at the first time point, but at 08:00 at the second 
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time point (n = 188; k = 15 school classes). Thus, a total of 249 students (clustered within 19 

school classes) experienced a change in school start time between their 8th grade and 9th grade and 

are treated as the School Start Time Change Group (SSTc), whereas 414 students (clustered within 

37 school classes) did not experience any change in school start time and are treated as the 

Comparison Group (CGSSTc). For students in the SSTc group, the number of school lessons or 

the end of school in the evening did not shift to a later time, but they had shorter lunch breaks. 

Across the whole study period, the latest school end time was consistently at 17:00. For all 

students, the school week included 34 school lessons lasting 45 minutes each. The study involving 

an analysis of the student feedback survey data was approved by the Humanities and Social 

Sciences Research Ethics Sub-Committee of the University of Warwick (159/17-18).
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Figure 6.1: Study design. The school start time change group experiencing school start time change between the 8th and 9th grade is denoted with 

grey shade; k denotes the number of school classes per cohort and school. In School 1 and School 2 the school start time was changed at the 

beginning of school year 2015-16; in School 3 the school start time was changed at the beginning of school year 2014-15. 
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6.2.2 Sample characteristics 

Student characteristics are shown in Table 6.1. In total, there were 300 females (45.2%), the average 

age of the sample was 14.91 years (SD = .58 years) at the end of the 8th grade (t1). Around two 

thirds of the sample reported that German was not their first language (67.6%), with Albanian 

(10.9%), Turkish (9.4%), Serbian/Croatian/Bosnian (8.3%), Portuguese (5.7%), Italian (5.4%), 

and Kurdish (5.0%) being the most frequent first languages after German. This indicates the high 

number of students with non-German migration family background in lower track secondary 

schools in Switzerland, which is often associated with lower socioeconomic background compared 

to the average Swiss family or migrant families from Germany (Swiss Federal Office of Statistics, 

2011). It is also common for adolescents of migrant origin to attend lower track secondary schools. 

However, students in these schools are required to be fluent in German, and therefore participants 

were able to successfully complete the questionnaire.  

 

6.2.3 Measures 

Bedtimes, wake up times, and estimated time spent in bed on weekdays. For school day 

bedtimes (Monday-Thursday), students could select an option from the following categories: 

“before 9:30 pm”, “9:30–9:59 pm”, “10–10:29 pm”, “10:30–10:59 pm”, “11–11:29 pm” and “after 

11:30 pm”. Similarly, the categories for wake time on school days (Monday-Friday) were “before 

6 am”, “6–6:29 am”, “6:30–6:59 am’ and “7 am or later”. Further, for secondary analyses the 

estimated time spent in bed on weekdays was inferred based on the answers to these two items, 

i.e., the time when sleep could occur based on estimated bedtimes and wake up times. In detail, 

the bedtime category “before 9:30 pm” was represented with an estimated bedtime of 9:15 pm, 

the category “9:30–9:59 pm” with an estimated bedtime of 9:45 pm, the category “10–10:29 pm” 

with an estimated bedtime of 10:15 pm, the category “10:30–10:59 pm” with an estimated bedtime 

of 10:45 pm, the category “11–11:29 pm” with an estimated bedtime of 11:15 pm, and the final 

category “after 11:30 pm” with an estimated bedtime of 11:45 pm. Similarly, the wake up time 

category on school days of “before 6 am”: was represented with an estimated wake up time of 5:45 

am, the category of “6–6:29 am” with an estimated wake up time of 6:15 am, the category of “6:30–

6:59 am” with an estimated wake up time of 6:45 am, and finally, the wake up time category of “7 

am or later” with an estimated wake up time of 7:15 am. The estimated time spent in bed on 

weekdays was inferred by taking the difference between the estimated wake up time and the 
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estimated bedtime. For example, for a student who reported bedtime as “10–10:29 pm and wake 

time as “6–6:29 am”, the estimated time spent in bed on weekdays was 8 hours, resulting from the 

difference between 10:15 pm and 6:15 am.  

Daytime tiredness was assessed with two items (“At school I am often so tired that I almost fall 

asleep”, and “Recently, I have often been tired and sleepy all day”) with a 6-point Likert-type scale 

(“1=don’t agree at all” and “6=completely agree”). Internal consistency was high (school year 1: 

 = .81; school year 2:  = .81). Stability between school year 1 and school year 2 was r (663) = 

.43, p < .001. Higher mean scores reflected greater daytime tiredness. 

Behavioural persistence was measured with four items from the Description of School 

Environment Scale focusing on the perceived achievement pressure (e.g., “I often quit when I am 

facing the first difficulty) (Fend & Prester, 1986) with a 6-point Likert-type scale (“1=don’t agree 

at all” and “6=completely agree”) (school year 1:  = .74; school year 2:  =.72). Stability between 

school years 1 and 2 was r (663) = .41, p < .001. The scale was recoded so that higher mean scores 

indicate higher behavioural persistence. 

Positive attitude toward life was measured with two items from the Berne Questionnaire on 

Adolescent Subjective Well-being (e.g. “I am satisfied with how my life plans are getting fulfilled” 

and “My future looks good”) (Grob et al., 1996) with answers ranging on a 6-point Likert-type 

scale (“1=don’t agree at all” and “6=completely agree”) (school year 1:  = .68; school year 1:  

= .78). Stability between school years 1 and 2 was r (663) = .38, p < .001. Higher mean scores 

indicated increased positive attitude towards life.  

 

6.2.4 Statistical analysis  

Preliminary analyses involved a baseline comparison between SSTc group and CGSSTc for outcome 

variables (Mann-Whitney U-tests for ordinal outcome variables and independent samples t-tests 

for continuous outcome variables) and for students’ age (independent samples t-test), gender, and 

mother tongue (chi-square tests). Furthermore, associations of outcome variables at baseline with 

age (Spearman’s rank correlations for ordinal outcome variables and Pearson’s correlations for 

continuous outcome variables), gender, and mother tongue (Mann-Whitney U-tests for ordinal 

outcome variables and independent samples t-tests for continuous outcome variables) were tested.  
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Primary analyses involved generalised estimating equations (GEE) using ordinal logistic models 

for comparisons of changes in wake up times and bedtimes between the two groups controlling 

for gender, age and mother tongue.  

Further, as secondary analyses, effects of SSTc on the estimated time spent in bed, daytime 

tiredness, behavioural persistence, and positive attitude towards life were analysed. These analyses 

involved multilevel models to account for the nested nature of the data, with students clustered 

within school classes in either the SSTc group or CGSSTc. The multilevel models assessed the effect 

of the change in school start time on the outcome variables by treating group and time as 

independent variables, and participant and school class as random factors, controlling again for 

gender, age and mother tongue. An interaction term of Group*Time was also included in each 

model. A separate model was computed for each outcome variable. The preliminary and primary 

analyses were conducted using SPSS® version 24 (IBM Corporation, Armonk NY, USA). 

Multilevel analysis was implemented using the xtset and xtmixed STATA (version 15) statistical 

software.  

 

6.3 Results 

6.3.1 Preliminary analyses  

Baseline differences between the CGSSTc and SSTc students are shown in Table 6.1. Baseline group 

comparisons revealed older age (t(661) = 3.21, p < .001, d = 0.26), earlier weekday wake time 

(Mann-Whitney U-test, Z= –2.55, p = .011), and a shorter estimated time spent in bed on weekdays 

(t(661) = -2.14, p = .03, d = 0.18) in CGSSTc versus SSTc students. No other differences between 

the SSTc and CGSSTc students were found at baseline.  

Further, associations of age, gender, and mother tongue with study variables at baseline were 

tested. Students’ age at baseline was significantly correlated with later weekday bedtimes (r = 0.13, 

p = .001), the estimated time spent in bed on weekdays (r = –0.15, p < .001), and behavioural 

persistence (r = 0.11, p < .005), but not with weekday wake times, daytime tiredness, and positive 

attitude towards life. Compared to boys, girls had earlier wake times (Mann-Whitney U-test, Z= –

6.30, p < .001) while there were no significant gender differences regarding bedtimes, estimated 

time spent in bed, daytime tiredness, behavioural persistence, and positive attitude towards life. 



 

 

 82 

No significant associations of German as mother tongue was observed with bedtimes and wake 

times, estimated time spent in bed, behavioural persistence, daytime tiredness, and positive attitude 

towards life. 

 

6.3.2 Effects of school start time change  

Generalised estimating equations with ordinal probit distribution were fitted showing a significant 

delay in both bedtimes (B = 0.34, CI = 0.08, 0.61; Wald Chi-Square (1) = 6.389, p <. 011) and 

wake up times (B = 0.43, CI = 0.12, 0.74; Wald Chi-Square (1) = 7.420, p < .006) among students 

in the SSTc group.  

Tests of secondary hypotheses applying multilevel models showed no significant effect of delayed 

school start time on the estimated time spent in bed on weekdays ( = -0.07, SE = 0.07, p = .308) 

indicating that the delay of weekday bedtimes among students in the SSTc group between 8th and 

9th grade compared to the CGSSTc students may have cancelled out their delay in wake times (Table 

6.2). On average, students with a delay in school start time had later estimated bedtimes by 25 

minutes and later estimated wake up times by 18 minutes, in 9th grade compared to when they 

were in the 8th grade. Students with continuous early start times in both years had on average 15 

minutes later estimated bedtimes and 10 minutes later estimated wake up times in 9th grade 

compared to the 8th grade (see Table 6.2). Further, multilevel models showed no significant effects 

of SSTc on daytime tiredness ( = 0.14, SE = 0.13, p = .266), behavioural persistence ( = 0.12, 

SE = 0.09, p = .182), and positive attitude towards life ( = -0.17, SE = 0.09, p = .070). 
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Table 6.1: Descriptive statistics with sensitivity analyses across group and time for sample characteristics and all measures 

 School Start Time Change Group (n = 249) Comparison Group (n = 414) Group Time Group×Time 
 t1 t2 t1 t2    
 Mean N SD5 % Mean N SD % Mean N SD % Mean N SD % p p p 
Age (years)1 14.82 0.54   14.97 0.60   .001 - - 
Females 104 41.8   196 47.3   - - .171 
Native language (% German)2 74 29.7   141 34.1   - - .266 
Total sleep duration (h)3 8h38min 52mins 8h30min 50min 8h35min 50min 8h31min 46min .771 <.01 .397 
Sleep duration school nights (h)3 8h10min 52min 8h2min 54min 8h1min 51min  7h58min 49min .061 <.01 .303 
Bedtime school nights4 10:18 pm 43min 10:43 pm 49min 10:20 pm 47min 10:35 pm 47min .332 <.001 <.05 
    Before 9.30 pm  22 8.8 10 4.0 40 9.7 26 6.3 - - - 
    9.30-9.59 pm 62 24.9 36 14.5 97 23.4 59 14.3 - - - 
    10.00-10.29 pm 79 31.7 66 26.5 134 32.4 124 30.0 - - - 
    10.30-10.59 pm 49 19.7 49 19.7 69 16.7 91 22.0 - - - 
    11.00-11.29 pm 23 9.2 41 16.5 38 9.2 64 15.5 - - - 
    After 11.30 pm 14 5.6 47 18.9 36 8.7 50 12.1 - - - 
Rise time school days4 6:28 am 32min 6:46 am 37min 6:22 am 33min 6:32 am 32min <.001 <.001 <.01 
    Before 6.00 am 36 14.5 23 9.2 84 20.3 48 11.6 - - - 
    6.00-6.29 am 86 34.5 55 22.1 156 37.7 139 33.6 - - - 
    6.30-6.59 am 102 41.0 94 37.8 145 35.0 172 41.5 - - - 
    7.00 am or later 25 10.0 77 30.9 29 7.0 55 13.3 - - - 
Sleep duration weekends (h)3 9h47min 1h30min 9h39min 1h19min 10h00min 1h29mi. 9h53min 1h20min <.05 <.05 .890 
Bedtime weekends4 0:28 am 1h25min 0:40 am 1h19min 0:28 am 1h25mi. 0:40 am 1h19min .683 <.001 .061 
    Before 10.00 pm 8 3.2 6 2.4 14 3.4 9 2.2 - - - 
    10.00-10.59 pm 29 11.6 20 8.0 56 13.5 39 9.4 - - - 
    11.00-11.59 pm 68 27.3 51 20.5 94 22.7 88 21.3 - - - 
    0.00-0.59 am 49 19.7 54 21.7 90 21.7 88 21.3 - - - 
    1.00-2.00 am 61 24.5 54 21.7 86 20.8 116 28.0 - - - 
    After 2.00 am 34 13.7 64 25.7 74 17.9 74 17.9 - - - 
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 School Start Time Change Group (n = 249) Comparison Group (n = 414) Group Time Group×Time 
 t1 t2 t1 t2    
 Mean N SD5 % Mean N SD % Mean N SD % Mean N SD % p p p 
Rise time weekends 4 10:28 am 1h16min 10:33 am 1h18min 10:28 am 1h25mi. 10:33 am 1h18min .056 <.001 .054 
    Before 8.00 am 9 3.6 14 5.6 14 3.4 11 2.7 - - - 
    8.00-8.59 am 33 13.3 25 10.0 34 8.2 40 9.7 - - - 
    9.00-9.59 am 72 28.9 49 19.7 99 23.9 95 22.9 - - - 
    10.00-10.59 am 68 27.3 69 27.7 123 29.7 98 23.7 - - - 
    11.00-12.00 am 43 17.3 56 22.5 94 22.7 110 26.6 - - - 
    After 12.00 am 24 9.6 36 14.5 50 12.1 60 14.5 - - - 
Daytime tiredness 3 3.30 1.42 3.56 1.51 3.20 1.47 3.32 1.54 .086 <.01 .266 
Behavioural persistence 3 3.28 1.04 3.19 1.09 3.40 1.01 3.20 1.00 .740 <.01 .184 
Positive attitude toward life 3 4.81 .89 4.53 1.24 4.77 .86 4.66 1.11 .530 <.001 .069 
Note. 1 Independent samples t-test. 
2 Chi-Square test. 
3 Repeated measures ANOVA. 
4 Generalised estimating equations using ordinal logistic models. 
5SD: Standard deviation 
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Table 6.2: Outcome variables are shown as a function of group and time. Models were built to compare the School Start Time Change and Comparison Groups    
over time, controlling for the clustering of the data 

 
 

 
Group Time Group × Time ICC3 (SE4) 

Variables n1  CI2 p  CI p  CI p  
Weekday sleep 

duration 1326 0.12 -0.02, 0.26 .095 -.06 -0.14, 0.02 .162 -0.07 -0.21, 0.07 .308 0.47 (.03) 

Weekend sleep 
duration 1326 -0.20 -0.45, 0.05 .110 -0.12 -0.26, 0.03 .108 -0.02 -0.25, 0.22 .879 0.44 (.03) 

Total week sleep 
duration 1326 0.03 -0.11, 0.16 .674 -0.08 -0.16, 0.00 .060 -0.06 -0.19, 0.07 .397 0.48 (.03) 

Weekday bedtime 1326 -0.03 -0.16, 0.10 .667 0.23 0.17, 0.31 .000 0.18 0.07, 0.29 .002 0.56 (.03) 

Weekday wake up 
time 1326 0.09 -0.01, 0.20 .067 0.18 0.12, 0.23 .000 0.11 0.02, 0.20 .013 0.48 (.03) 

Weekend bedtime 1326 -0.06 -0.31, 0.18 .614 0.21 0.09, 0.33 .001 0.17 -0.02, 0.37 .081 0.58 (.03) 
Weekend wake up 

time  1326 -0.27 -0.51, -0.02 .032 0.09 -0.03, 0.21 .129 0.16 -0.04, 0.35 .110 0.56 (.03) 

Behavioural 
persistence 1326 -0.13 -0.33, 0.09 .242 -0.20 -0.31, -0.09 .000 0.12 -0.34, 0.29 .182 .41 (.03) 

Positive attitude 
towards life  1326 0.05 -0.16, 0.27 .634 -0.11 -0.22, -0.00 .046 -0.17 -0.35, 0.01 .070 0.37 (.03) 

Daytime tiredness 1326 0.11 -0.16, 0.38 .416 0.12 -0.04, 0.27 .137 0.14 -0.11, 0.39 .266 0.43 (.03) 
Note. Models were built adjusting for sex, age and mother tongue. Sex, age, mother tongue and constant values are not displayed in the table.  
1 number of data points in the model; there were 2 data points per participant (baseline and follow-up).  
2CI: Confidence Interval. 
3ICC: Intracluster correlation coefficient. 
4SE: Standard error.
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6.4 Discussion 

Our study evaluated the effect of delaying school start times from 07:40 to 08:00 on adolescents’ 

bed and wake up times on weekdays, across three schools compared to a comparison group drawn 

from previous year-group cohorts of the same schools with continued school start times at 07:40. 

Results showed that the 20 minutes delay intervention associated with a significant delay in both 

bed and wake up times, while no effects were observed on the estimated time spent in bed, daytime 

tiredness, behavioural persistence or positive attitude towards life.  

In contrast to an earlier cross-sectional study (Perkinson-Gloor et al., 2013) that showed that 20 

minutes of delay in school start time was associated with longer weekday sleep duration, less 

daytime tiredness, later wake up times but unchanged bedtimes, our current findings suggest that 

although a delay in school start times allowed students to get up later, that shift might be cancelled 

out by concurrent delayed bedtimes. Moreover, no differences were observed regarding the 

reported daytime tiredness. This suggests that a SSTc of 20 minutes might be effective in delaying 

overall sleeping patterns among students, but it may be too short a delay to result in changes in 

sleep related secondary outcomes and particularly daytime tiredness, behavioural persistence and 

positive attitude towards life. However, a key difference in the methods and subsequent analyses 

between the previous and current study could explain why results differ. Due to the cross-sectional 

comparison between early (data of five schools) and delayed (data of one school) start times, 

within-person changes could not be evaluated in Perkinson-Gloor et al.’s (2013) study. In the same 

vein, data of only three schools were included in the current study due to unavailability of follow-

up data i.e. before and after the implementation of the delayed start times in the three other 

schools. 

Previous studies showing a positive impact of delaying school start times on sleep duration and 

mental wellbeing indicators investigated longer delays of often one hour or more (Minges & 

Redeker, 2016; Owens et al., 2010; Wolfson et al., 2007), except for studies, for instance, by Owen 

et al. (2010) and Boergers, Gable and Owens (2014). Owen et al. (2010) showed that a modest 

delay of 30 minutes in school start time (from 08:00 to 08:30) resulted in increased sleep duration, 

and decreased daytime sleepiness, depressed mood and fatigue. Moreover, Boergers et al. (2014) 

observed similar encouraging changes with a respective 25 minutes delay. Putting the evidence 

together, it is possible that a change of 25 to 30 minutes in school start time is the lowest threshold 
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for a beneficial impact on adolescents’ sleep and wellbeing. However, it is important to consider 

that while the SSTc students in the current study experienced the same school end times in the 

evening (i.e., 17:00) and number of classes as the CGSSTc students, they also experienced shorter 

lunch breaks. It is therefore possible the shorter break may have imposed a negative impact on the 

variables examined in this study, for instance, daytime tiredness, and cancelled out any potential 

effect of the delay in school start time.  

Second, it is possible that the increase in social media use in recent years has diluted the potential 

benefits of delayed school start times. Evidence suggests that increased electronic and social media 

use is associated with insufficient sleep, poor sleep quality, and poorer mental wellbeing in 

adolescents (Cain & Gradisar, 2010; Fossum et al., 2014; Hysing et al., 2015; Lemola et al., 2015; 

Owens, 2014; Twenge et al., 2017). The implementation of the delay in school start times in Basel 

in 2014 and 2015 took place within a period of major societal change regarding electronic and 

social media use. Adolescents have substantially increased their time spent online between 2010 

and 2016 (Waller et al., 2016), and this is supposed to have decreased their sleep duration (Twenge 

et al., 2017; Waller et al., 2016). In conjunction with such social factors, it is also possible that the 

later bedtimes reported at t2, i.e., by students in the 9th grade versus their 8th grade reports, may be 

influenced by changes to the circadian rhythm, involving a biologically based preference for staying 

up late (Roenneberg et al., 2004).  

Last, our findings reflected that girls relative to boys reported earlier wake times, a finding 

supported by previous literature (Mateo et al., 2012; Randler, 2011b). In the context of our study, 

these differences may also reflect the students’ cultural backgrounds, given that a large proportion 

were non-German (e.g., 25% of the students identified as Turkish, Albanian, or Kurdish). 

Specifically, practices in certain cultures tend to afford greater household-related responsibilities 

to girls, manifesting in earlier rise times in order to fulfil such tasks before the start of the school 

day, for instance, preparing breakfast in the morning (Randler et al., 2014). It is possible that SSTc 

affects students from different cultures – and more specifically girls and boys from different 

cultures – differently. Therefore, the large proportion of students with minority cultural 

background may have made it more difficult to find SSTc effects in the current study.  
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6.4.1 Strengths and limitations  

The following limitations have to be considered when interpreting the current findings. First, the 

comparison group was drawn from previous year groups of the same schools who left school 

before SSTc was implemented. It is possible that the sleep patterns of different year-group cohorts 

were not directly comparable due to changes in adolescents’ behaviour during those years (e.g., 

related to the increase in social media use). Second, since the data were extracted from student 

feedback surveys conducted at the end of each school year in June, the two measurement time 

points were one year apart. This may have limited our ability to reveal effects of SSTc, which may 

be present immediately after the intervention but wear off after some time. Further, during the 

time of data collection (June), daylight duration was the longest or close to the longest across the 

year (i.e., sunrise typically around 05:30, and sunset typically around 21:30), possibly influencing 

sleep duration, by for instance, delaying bedtimes. Future studies may therefore benefit by 

assessing students’ sleep patterns several times across a year. Third, we were constrained to analyse 

the data from the yearly student satisfaction survey that we were granted access to. Thus, the 

measures could not be adapted for the current study. All measures used were self-reported, and 

therefore subject to memory effects. Moreover, the questions on bed and wake up times had a 

multiple choice format, thereby prohibiting more precise answers, particularly so for very early and 

very late bed and wake up times (with the earliest and latest option for weekday bedtime being 

“before 9:30 pm” and “after 11:30 pm” respectively, and the earliest and latest option for weekday 

wake up time being “before 6:00 am” and “after 7:00 am”, respectively). Therefore, it is possible 

that the effects of SSTc regarding both bed and wake up times may not have been measured with 

sufficient sensitivity, possibly resulting in ceiling or floor effects. Due to the multiple-choice format 

to assess bedtimes and wake up times, we could also only infer an estimated time spent in bed, 

which is only a crude measure that may not reflect student’s actual sleep duration properly.  

 

6.5 Conclusion 

Results from our analyses suggest that the impact of delaying school start times by 20 minutes on 

adolescents’ sleep and wellbeing is debatable, as the observed delays in wake-up times were 

paralleled by concomitant delayed bedtimes, while no positive effects could be observed on 

behavioural persistence, daytime tiredness, and positive attitude towards life. The divergence 
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between the current study’s results and previous empirical evidence suggesting a positive impact 

of delaying school start times on the sleep behaviour and mental wellbeing of adolescents 

(Boergers et al., 2014; Minges & Redeker, 2016; Owens, 2014; Perkinson-Gloor et al., 2013; 

Wolfson et al., 2007) may reflect differences in the length of the school start times delay studied 

(i.e., ≥ 25 minutes vs. only 20 minutes in the current study), and/or recent societal changes 

regarding adolescents’ electronic and social media use during evenings and their effects on sleep 

behaviour. Future studies should therefore account for these factors, to enable researchers, 

policymakers and the general public to fully understand the challenges, implications, and benefits 

of delaying school start times as a strategy for improving adolescent sleep and mental wellbeing 

outcomes. 

 



 

 

 90 

  
Overall Discussion 
 

This thesis examined the relationships between sleep, mental health and wellbeing, electronic and 

social media use, and school start times in young people aged between 12 and 24 years. The first 

chapter introduced the topic of the thesis, with relevant literature regarding the main variables of 

interest being presented. In the second chapter, the theoretical underpinnings of the thesis were 

discussed via two important theories or models. First was Bronfenbrenner’s Process-Person-

Context-Time theory of human development (Bronfenbrenner, 1995), which provided a 

theoretical framework to explain, within the context of the developing individual, where the core 

variables of this dissertation are located. The sleep hygiene intervention, as well as its aspect of 

parental involvement, occurs in the school and family microsystems. The policy decision to delay 

school start times for state schools in Basel, Switzerland, occurs on the political or the macrosystem 

level. The use of social and electronic media, which is a sign of modern times triggered by advances 

in technology, taps into the chronosystem. Since it is a normative transitionary experience, puberty-

related biological changes in sleep are also identified on the chronosystem level. The proximal 

processes that take place because of the interactions between these changes, and the elements 

identified in the other systems, further contribute to the bio-psycho-social development of the 

young person, including developments of sleep patterns and mental wellbeing. Thus, this 

framework integrates the thesis by providing an overarching understanding of the topics explored. 

The second model presented in the thesis is Borbély’s two-process model of sleep (2016), which 

is used as a vehicle to describe and understand the changes that occur in sleep during adolescence, 

how sleep affects mental health and wellbeing via emotion and mood regulation, and how 

electronic media use and school start times interact with and impact sleep. In the third chapter, 

the research questions that were derived from the previous two chapters were outlined.  

Chapter 4 explored the effects of a brief, primary preventive-style school-based psychoeducative 

intervention with parental involvement on improving individual behaviours of evening time 

electronic media use and thereby sleep and mental wellbeing of adolescents. Though results 

indicated a modest decrease in electronic media use, other outcomes of sleep and mental wellbeing 

remained unchanged. Chapter 5 therefore explored whether bedtime media use was indeed 
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harmful to sleep; it utilised an experience sampling methodology that was a more ecologically 

robust method than cross-sectional approaches and attempted to establish temporal links between 

bedtime social media use, sleep the same night and affective wellbeing the following day. Results 

showed that bedtime social media was not associated with sleep the same night and had no impact 

on affective wellbeing the following day. However, increased social media use in bed before sleep 

was associated with poorer sleep in a subgroup of participants who displayed higher levels of 

depressive symptoms at baseline. Chapter 6 assessed the impact of a policy-level decision of 

delaying school start times by 20 minutes, on adolescents’ sleep duration, and thereby their mental 

wellbeing. Results showed that although wake times were later, any potential benefits of longer 

sleep duration were not noted, due to postponed bedtimes. In combination, these findings suggest 

that the recommendations in place to improve the sleep and wellbeing of young people (i.e., reduce 

electronic/social media use before sleep and to delay school start times) appear to have minimal 

effects. 

This final chapter will present the major findings and implications that can be drawn from the 

three substantive chapters, and discuss avenues for future research. Contributions that the thesis 

has made to existing knowledge, as well as a critical evaluation of the methods utilised are also 

presented.   

 

7.1 Overall findings, implications, and avenues for 

future research  

This thesis conveys three major findings. First, bedtime social media use may not be harmful for 

the sleep and mental wellbeing of healthy, young people. Second, brief interventions that target 

these behaviours may not be effective, and as a result, make minimal difference to the sleep and 

wellbeing of young people. Finally, policy-level interventions of delaying school start times, and 

aimed at extending the sleep duration of young people, may also not be an effective solution in 

solving the insomnia crises, especially when these delays are short. Here, I will briefly touch upon 

these integrated results, and present a more in-depth discussion of the major aspects in the 

following sections.  
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With respect to the first finding, it is possible that there has been an over emphasis of the negative 

associations between electronic/social media use and sleep and mental health within this 

population, driven by beliefs held by researchers, teachers, and parents alike. Supporting this 

notion is that evidence regarding the positive associations of media use and mental health, for 

instance, is an understudied phenomenon (Schønning et al., 2020). Some research has found that 

young people use social media for constructive purposes, such as building relationships (V. Wang 

& Edwards, 2016), and report benefits such as increased self-esteem or opportunities for self-

disclosure (Best et al., 2014). Preliminary evidence also suggests that young people have used online 

communication and other platforms as effective coping strategies to combat loneliness during 

COVID-19 (Boursier et al., 2020; Cauberghe et al., 2021; Golemis et al., 2021). Thus, it is likely 

that for healthy young people, the positive effects of electronic and social media use on outcomes 

such as sleep and mental wellbeing may outweigh the negative effects. To be more certain of these 

assumptions, research with more scientific rigour is needed, using methods that move away from 

cross-sectional designs and which can assess these effects longitudinally and reliably.  

It is also likely that media use is not harmful for all young people, but only for a few. Individual 

differences between adolescents and young adults that determine one’s approach to digital 

technologies should be recognised and addressed. Young people who experience poor wellbeing 

may engage in online platforms more frequently and with different motivations than those who 

are healthy (e.g., Cauberghe et al., 2021), or may experience further wellbeing issues as a 

consequence of using social or electronic media (e.g., Boursier et al., 2020). As such a “one-size-

fits-all’ approach may not be useful when addressing young people’s electronic and social media 

consumption, or the impact that it may have on their sleep and mental health. This applies also to 

the overall findings of this thesis regarding interventions to improve sleep. Instead of 

implementing general interventions, it might be beneficial to customise interventions to the 

specific needs of young people, i.e., those who experience particularly poor sleep or mental 

wellbeing or problematic media use.  

Relatedly, this thesis conveys the message that simplistic interventions might have little value in 

addressing the complex issues of adolescent and young adult sleep, wellbeing and technology use. 

The utility of scientific research is its ability to not only understand issues better, but to ultimately 

guide policies that can improve public health and wellbeing. The challenge is therefore to find ways 

of combining public health interventions with those that also target individual needs of young 

people. Interventions aimed at young people need to be multi-faceted; driven by theoretical and 
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pedagogic approaches (Rigney et al., in press), include components that encompass various 

contextual factors such as school/university environments, parental involvement, peer support 

(Hale et al., 2020), to name a few. Public policies aimed at school start times may adopt similar 

approaches, for example, that delays in start times might differ based on the age of the adolescent 

(i.e., primary versus secondary levels).  

 

 

7.1.1 Redefining the risk of electronic media use in the 

context of sleep and wellbeing 

One of the implications from the findings of this thesis, and especially based on the studies in 

Chapters 4 and 5, is that when addressing electronic or social media use as a risk factor for poor 

sleep and associated wellbeing, it is important to define or quantify the amount of media 

consumption that can be considered harmful. The participants in the experience sampling study 

were not excessive users of bedtime social media, with an average use of nine minutes being 

recorded across the study period, and most observations recording no engagement in social media 

before sleep. Thus, it remains possible that negative effects of social media on sleep (as predicted) 

were not found due to the low frequency of social media use, or rather, due to the absence of 

excessive social media use. Similarly, a conclusion of the sleep hygiene study was that the 

psychoeducative intervention may have been more successful for those users who engaged in 

excessive bedtime electronic media use, and therefore had problematic media use. Taken together, 

it is possible that electronic or social media use, within a normal range, is not in fact a risk factor 

for poor sleep and wellbeing, and only becomes one when engaged in excessively. To generate 

further evidence, an important next step would be to define excessive electronic or social media 

use. Though some efforts have been in this direction, for instance that engagement in electronic 

devices for three hours or more in a day is recommended as being excessive (Baiden et al., 2019; 

Chassiakos et al., 2016), similar efforts are needed to estimate the amount of pre-sleep or bedtime 

use. Existing guidelines of avoidance of electronic media use in the one hour prior to sleep can 

perhaps be used as a starting point, with studies then attempting to estimate a dose-response 

relationship between media use and the closer one gets to sleep. This might help understand the 

point at which media use becomes harmful, not just for vulnerable individuals, but for young 

people in general. However, it is also possible that many young people may not be vulnerable even 
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to the effects of excessive electronic media use, and therefore, guidelines such as those used in the 

sleep hygiene study (i.e., to not use electronic media use in the last hour of sleep if one is 

experiencing poor sleep such as difficulties falling asleep, or feeling exhausted or tired during the 

day), might present a better starting point for further research. These individual differences are 

discussed in detail in the following section. 

There is evidence accumulating that suggests that focussing on the frequency of social or electronic 

media use may be too simplistic, and that perhaps other aspects of media use might be important 

to study in relation to sleep and wellbeing. Preliminary evidence suggests that passive versus active 

social media engagement has more important links and implications for the wellbeing of young 

people (Chen et al., 2016; Escobar-Viera et al., 2018; Thorisdottir et al., 2019; Verduyn et al., 2015). 

Here one of the main mechanisms contributing to poor sleep as a consequence of media use is 

that it causes cognitive arousal, thereby disallowing the mind to switch off and delaying sleep onset 

(Higuchi et al., 2005). There is also a need to differentiate between types of social media platforms, 

due to differential links between for instance Facebook, Instagram or TikTok and wellbeing 

measures, driven by users’ motivation of using these platforms (Masciantonio et al., 2021). An 

avenue for future research would therefore be to systematically disentangle the relative 

contribution of the different aspects of electronic and social media use to poor sleep, by studying 

the differences for instance between different types of social media platforms, or between social 

media use and other types of electronic media use or between different contents of media such as 

valence of content (e.g., positive, negative or neutral), and whether it is psychologically arousing or 

not. By doing so, researchers and policymakers would understand better the aspects within these 

interactions (i.e., media use and sleep), which may be amenable to modifications and change.  

To enable this understanding, future studies must overcome past limitations of cross-sectional 

study designs and utilise more robust methodological approaches, such as experimental, quasi-

experimental or experience sampling designs, to allow for more ecologically valid results and 

interpretations. Another limitation that has been raised is the reliance on subjective assessments 

of social and electronic media use, with calls for more objective data to be analysed. Though some 

recent efforts have included the use of objective social media use data such as the frequency of 

likes received on Facebook (Marengo et al., 2020, 2021), these studies have relied on cross-

sectional approaches, raising questions of accessibility of objective data longitudinally in a moral 

and ethical manner. Objective data can be obtained if participants consent to their activity on social 

media platforms or electronic devices to be monitored and accessed by researchers. However, 
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researchers may have to negotiate with the risk of a lowered participation rate or a selective sample 

in such instances, since many young people may perceive such methods to be an invasion of 

privacy, especially if it is conducted over a longer time period. Further, it might be important to 

factor in issues related to data ownership, for example, that consent to accessing data lies not only 

with the participant, but also with media companies themselves. Finally, since social and electronic 

media are often accessed via multiple devices by a single individual throughout the day, how can 

researchers reliably integrate this information? Some of these obstacles can be tackled by 

maintaining strict confidentiality and anonymity of data, or following strict data security and 

management protocols, that might help individuals feel safe and willing to participate. Still, 

solutions to these problems are not simple, and are important considerations to keep in mind when 

conceptualising future studies.  

 

7.1.2 Targeting of at-risk individuals 

A second implication that can be drawn from this thesis is that instead of the general, non-clinical 

population, it might be vulnerable young people whose sleep and wellbeing is affected due to 

bedtime electronic and social media use. Findings from Chapter 5 suggest that one such at-risk 

group are those experiencing poor mental wellbeing or mental health. Individuals differ in their 

vulnerability to experiencing sleep-related problems and disturbances, and this vulnerability may 

be applicable to many sleep-disruptive factors (Drake et al., 2004; Vargas et al., 2015). Based on 

this notion, it is plausible that young people who are at-risk of poor mental wellbeing, such as 

experiencing high depressive or anxiety-related symptoms, might be more prone to experiencing 

poor sleep and higher sleep disturbances because of bedtime social and electronic media use. This 

argument is warranted by longitudinal-design studies that found that higher depressive symptoms 

are associated with higher frequency of media use, but not vice versa (Heffer et al., 2019). It is 

possible that those experiencing poor mental wellbeing or mental health problems use social media 

at bedtime as a sleeping aid, delaying their bedtimes, and experiencing shorter sleep as one of the 

consequences. However, the mechanisms underlying the link between increased depressive 

symptoms and increased social media use are speculative, and future research could examine these 

pathways, i.e., the causal links between excessive social/electronic media use and sleep and 

wellbeing for young people who are at the risk of poor mental wellbeing.  
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Although the study in Chapter 4 did not examine subgroups of participants, an implication drawn 

from the findings was that it is possible that young people who display problematic media use to 

the point where it impedes with normal functioning, might be at increased risk of experiencing 

sleep and wellbeing issues as a consequence of this behaviour. It might be beneficial to identify 

such individuals or groups, examine the prevalence rates of this problematic use, which would 

then aid the development of strategies to target them. Researchers have already demonstrated ways 

of tackling this issue; for instance, by developing inventories that assess or measure problematic 

media use such as the Social Media Disorder Scale (van den Eijnden et al., 2016), or the Bergen 

Social Media Addiction Scale (Andreassen et al., 2017). Many others have been developed, with 

each tool differing based on how problematic use has been defined by its authors and the 

researchers utilising them. These inventories have also been utilised in conjecture with statistical 

methods such as latent profile or class analysis, that allows identification and grouping of 

individuals based on similar responses/characteristics (Bányai et al., 2017). Such methods have 

provided a foundation for future research to follow. For instance, replicating these 

studies/methods on diverse samples of young people that would allow a better understanding of 

the implications of factors like gender, age or educational qualification in the manifestation of this 

problem. By using groups with differing baseline risk statuses, future work could also involve 

experimental studies; for example, electronic/social media restriction versus extension within a 

natural setting, and examine whether and how the impact of this use differentially affects different 

individuals. A challenge associated with identification of such individuals is being able to discern 

between what is problematic and normal use, or what is reliance/need and what is over-

dependence, given that many young people are ever more reliant on technology and devices for a 

multitude of purposes such as for education or work, that go beyond recreation.  

Another implication that can be drawn from the study presented in Chapter 4, is that interventions 

might be successful when targeting young people who are vulnerable at the offset, such as those 

who are excessive or problematic users of media or those experience poor sleep. Previous research 

has also found that adolescents who are particularly vulnerable, such as those who experience high 

depressive or anxiety symptoms are most likely to experience improvements in sleep as a 

consequence of sleep interventions (Blake et al., 2018). Identification of such adolescents and 

young people must be done cautiously and within the boundaries of confidentiality, especially if 

they are being carried out via school or community settings. Smartphone applications are being 

explored as a new way of identifying such individuals and delivering interventions (e.g., Quante et 

al., 2019; Werner-Seidler et al., 2019), and that might offer a potential solution to minimising 
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potential stigmatisation of vulnerable people. Despite being in its infancy with few pilot studies 

being conducted, this avenue shows promise and is worth exploring in future research.  

 

7.1.3 The role of sleep in the relationship between 

electronic media use and mental wellbeing  

A third implication is regarding the role of sleep in the relationship between bedtime electronic 

media use and wellbeing. Previous research, primarily using cross-sectional study designs, have 

consistently reported links between electronic and social media use and wellbeing, irrespective of 

time of day of use (e.g., Lin et al., 2016). This thesis however examined only the role of specifically 

evening, night or bedtime engagement in electronic media use. It was proposed that any impact 

on the mental health and wellbeing of young people, is due to poor sleep as a direct consequence 

of media use, due to the well-established negative consequence of poor or insufficient sleep on the 

wellbeing of young people (e.g., Baum et al., 2014). Results from Chapters 4 and 5 found that (i) a 

reduction in electronic media use did not lead to improved wellbeing outcomes, and (ii) there was 

no relationship between bedtime social media use and affective wellbeing the following day. 

Importantly, in both studies, had there been any effects of media use on sleep (improved sleep in 

study 1, and poor sleep in study 2), these might have translated into the wellbeing indicators. 

Further, participants in the experience sampling study reported on average good sleep (i.e., 

approximately 7 hours per night), and were perhaps not at risk of poor wellbeing due to sleep loss. 

Taken together with the implications highlighted in the previous two sections, sleep might still be 

an important mediating factor for those who are at-risk.  

Future studies investigating these relationships should employ objective and varied assessments of 

sleep, media use and wellbeing. There is evidence suggesting that different sleep measures might 

have differential links with outcome variables, and that some advocate that sleep quality indicators 

might bear stronger associations with outcomes than sleep duration (e.g., Dewald et al., 2010; Short, 

Gradisar, Lack, & Wright, 2013). For instance, in the experience sampling study, we found that 

the only indicator linked to affective wellbeing was subjective sleep satisfaction. There is therefore 

a strong argument for future research to consider using a multifaceted approach to investigating 

sleep, and other variables.  
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7.1.4 Interventions for improving sleep 

7.1.4.1    Individual-level interventions  

In Chapter 4, it was discussed that one of the possible reasons that the decrease in bedtime 

electronic media use did not spill over to sleep or mental wellbeing outcomes, was that the 

intervention may not have tapped into or induced a strong willingness to change sleep and sleep-

related behaviour. This implies that a purely psychoeducative approach is likely not sufficient to 

facilitate sustained behaviour change. In a comprehensive review, Cassoff et al. (2013) suggested 

the inclusion of an aspect of motivational interviewing within school-based programmes. This 

would help infer individual differences in the degree of willingness to change, allow intervention 

designers and facilitators to address barriers in motivation, and tailor them to individual needs 

(Cassoff et al., 2013). Interventions that have incorporated motivational interviewing techniques 

have reported success in improving target behaviours of increased sleep (e.g., Cain et al., 2011),  

and other synthesised evidence has suggested that interventions that use motivational interviewing 

were more successful in improving sleep relative to prior interventions that did not use such 

techniques (Rigney et al., in press). Similarly, CBT interventions have been associated with 

improvements in sleep duration, both objective and subjective (Åslund et al., 2018; Blake, 2017; 

Griggs et al., 2020). CBT interventions are short-term and goal oriented and involve a mixed 

approach of targeting behaviours related to sleep via sleep education or sleep restriction exercises, 

but also target the underlying thinking patterns related to sleep, such as poor sleep hygiene and 

bedtime worrying. CBT interventions or those that include components for example of 

motivational interviewing or mindfulness suggest the importance of developing interventions 

driven by theoretical foundations. Given that evidence for the success of different types of theory-

driven school-based interventions remains mixed, a direction for future research revolves around 

discerning which theories are most relevant and are most likely to be effective in triggering 

improvements in the sleep and wellbeing of young people (Rigney et al., in press).  

Although results from the study in Chapter 4 did not support the effectiveness of improving sleep 

and mental wellbeing, there remains a case for the utility of school-based interventions for 

addressing these concerns. Such interventions have the potential to reach many young people in a 

time-efficient manner and can be developed in a way that involves using school staff or teachers 

to implement them. There are two challenges that require attention. First, how can we develop 

interventions that are time and cost friendly, given that one of the largest barriers to school-based 
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intervention participation or implementation are time constraints, voiced by all stakeholders 

involved (e.g., parents, teachers, students)? One potential solution is to consider including sleep 

health information within the regular school curriculum, perhaps as an individual module or as 

part of a larger health-related module. In this way, young people can be made aware, earlier on, of 

the importance of good sleep for one’s physical and mental wellbeing, and the factors that might 

affect it. Similarly, there is an argument for including modules regarding the effects of media use 

on one’s sleep and mental health in school curriculums. Though these topics may not subscribe to 

conventional subject areas, based on the prevalence and importance of media in the lives of young 

people, teaching young people to be media savvy earlier on and presenting scientific evidence to 

aid their understanding of these devices is becoming increasingly important. Second, how can we 

develop integrated interventions that address public health concerns regarding poor sleep and 

mental wellbeing, and target at-risk populations at the same time? Some suggestions have been 

made to address these concerns, which include delivery of interventions via the internet (Cassoff 

et al., 2013); these have the potential to target a significant number of young people, and via 

algorithms, may also be customised and tailored to the specific needs of individuals.  

 

7.1.4.2    Policy-level interventions of delaying school start times  

Findings from Chapter 6 imply that delaying school start times by 20 minutes is not effective in 

addressing adolescent sleep and wellbeing issues. However, the study assessed a delay in start times 

from 07:40 to 08:00, and it is possible that 08:00 might still be too early a start for adolescents 

who, on average, experience delayed circadian patterns, and naturally prefer to go to bed later and 

wake up later. For instance, in the UK, some have suggested to shift school start times even further 

than the average time of 08:30 to 10:00, with benefits being noted for these significantly later start 

times (Kelley et al., 2017). However, like in our study, it remains possible that delaying school start 

times may lead students to, over time, postpone their bedtimes even more, and therefore any sleep 

or wellbeing benefits might only exist in the short term. The challenge therefore is to examine 

ways of encouraging adolescents to maintain appropriate bedtimes, such that, if school start times 

are delayed, they are able to reap the benefits of sleeping longer into the morning. Some innovative 

approaches have begun to pave the way of what these methods might be. For instance, a study 

conducted in Germany found that within a flexible system where high school students were 

allowed to choose to have 08:00 or 09:00 start times across a 6-week period, 09:00 start times were 

associated with an average one hour increase in sleep duration, sleep onset times remained stable 
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regardless of 08:00 or 09:00 start times, and overall, the flexible system was associated with 

cognitive improvements (Winnebeck et al., 2020). Such research needs to be replicated with more 

scientific rigor. Still, these preliminary results warrants that researchers and policymakers be critical 

and think outside of the box, and that for instance, a generalised static delay in school start times 

may not be the ideal solution in addressing the insomnia crises facing young people today. 

Existing evidence also implies that it is important to consider that the ideal start time for schools 

may be significantly later than what is in practice now, or at least that schools should begin closer 

to these ideal times. For instance, the American Academy of Pediatrics (2017) recommends that 

all schools across Northern America should consider beginning no earlier than 08:30. However, 

robust research is required to assess this strategy before any conclusions can be confidently drawn. 

Moreover, there are strong arguments for not generalising findings from studies to different 

geographical and cultural settings. Cross cultural comparisons have shown that longer sleep 

durations are mediated not only by later school start times, but also by fewer or shorter extra-

curricular activities and parental influence on bedtimes (Short, Gradisar, Lack, Wright, et al., 2013). 

Thus, what might work for US adolescents, may not work for Swiss or Indian adolescents, and 

any policy implementations and changes should be based on evidence that is drawn from that 

specific place/culture.  

It might be beneficial to have varying start times for varying age groups of children and 

adolescents. Changes in the circadian rhythms continue to occur from puberty to young adulthood, 

such that older adolescents have significantly more delayed circadian rhythms and are more 

evening-type than younger adolescents (Roenneberg et al., 2004). Early school start times may 

have differential effects on younger versus older adolescents, with the latter being more likely to 

experience poorer sleep and mental wellbeing because of habitually restricted sleep. For instance, 

a large scale longitudinal study found that the effects of delaying school start times were particularly 

beneficial in improving the sleep duration and daytime sleepiness of middle and high school 

students relative to elementary students (Meltzer et al., 2021). Future work could consider these 

differences and investigate whether different start times for different groups of adolescent students 

is a viable and effective solution.  

Finally, there is a call for investigating the effects of school start times using robust methodologies 

(Marx et al., 2017), and at the same time evidence to demonstrate the challenges associated with 

orchestrating such studies (e.g., Illingworth et al., 2018). It is therefore important for researchers, 

policymakers and stakeholders to work together and find avenues through which a sound evidence 
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base can be built. For instance, if policies to delay school start times are to be implemented, 

researchers should be able to liaise with school authorities to enable collection of data using reliable 

and valid instruments as well as set up reliable protocol (e.g., defining pre and post policy time 

periods), that would allow for meaningful investigations.  

 

7.2 Contributions, strengths and limitations 

7.2.1 Chapter 4  

The sleep hygiene study utilised a cluster-randomised controlled design, and relevant multilevel 

analysis which allowed to assess the effects of a psychoeducative intervention, while accounting 

for the variance between clusters or classes. Moreover, by assessing participants at two time points, 

one month apart, the study was able to assess whether any changes in target behaviour of decreased 

electronic media use was present in a longer term. The study evaluated a brief intervention, which 

addressed previous concerns that deemed existing interventions to be too long, and therefore not 

likely to be taken up by schools due to time and curriculum restraints. By including a video 

component, mixed with a more traditional PowerPoint presentation, the intervention utilised a 

more innovative approach that likely made it more approachable and relevant for the target 

population. Finally, it also included parental participation, by sending parents the same information 

regarding the effects of sleep on behaviour and wellbeing and the sleep hygiene rules that were 

given to participants. It adds to existing evidence regarding the effectiveness of school-based 

programmes in being moderately effective in improving target behaviour, potentially via increasing 

adolescents’ sleep-related knowledge.  

Some of the important limitations were as follows. First, the study did not assess either student 

knowledge regarding sleep and sleep hygiene, or parental involvement (e.g., whether phone access 

was restricted in the evening). Therefore, the underlying mechanisms that contributed to a 

reduction in electronic media use cannot be confidently ascertained. Second, the psychoeducative 

element may have contributed to the finding that effects of decreased media use did not spill-over 

to improvements in sleep and wellbeing measures. Psychoeducative school-based interventions 

targeting sleep and sleep hygiene habits of adolescents, often report an increase in participants’ 

sleep-related knowledge, but no or minimal improvements in outcomes of sleep and mental health 
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(Blunden et al., 2012; Moseley & Gradisar, 2009). Others report difficulties in recruiting 

participants to experiments that include voluntary restriction of pre-bed time media usage, citing 

their dependency on technology as well as a lack of desire to change their habits, despite knowing 

the ill-effects of excessive media use (Bartel et al., 2019). Thus, in the current study, it is likely that 

the intervention was unable to increase or induce a motivation or willingness to trigger a significant 

change that could have spilled over to the other variables of interest. However, since participants’ 

motivation to change was not measured in the study, we cannot conclude with certainty regarding 

this potential mechanism. Third, the intervention was not underpinned by a theoretical 

perspective, such as motivational interviewing, which has been discussed in previous sections as 

being an important component that may contribute to the success of interventions (Blunden et al., 

2012; Rigney et al., in press). Finally, the length of the follow-up period was short. Based on 

evidence that highlights that follow-up periods may have to be up to 6 months post-intervention 

to truly assess the sustenance of behaviour change (Rigney et al., in press), any longer term impact 

of the intervention on bedtime electronic media use in the current study was not possible. An 

important point to consider is that this intervention was developed and implemented in 2012-

2013, at a time when evidence regarding school-based programmes was limited and just beginning 

to emerge. At the time this study was conceived, a large part of the knowledge regarding the 

strengths and limitations we currently hold regarding school-based interventions were not 

available.  

 

7.2.2 Chapter 5 

The study presented in this chapter used an experience sampling methodology, collected objective 

measures of sleep, and used complex multilevel models to analyse the temporality of the 

relationships between the three key variables. By doing so, this study provided more definite 

answers relative to previous cross-sectional studies in this field. Findings helped to highlight that 

concerns regarding social media use and its potential negative impact on the sleep and wellbeing 

that have surrounded younger and older adolescents likely do not hold up for younger healthy 

adults. However, at-risk young adults i.e., those who experience poor wellbeing to begin with, 

might be more prone to experiencing a negative effect of bedtime social media use. These results 

highlight the need for future work to appreciate individual differences when examining these 

topics.  
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A few limitations of the study need to be considered when interpreting results. First, assessments 

of bedtime social media use were quantitative (total time), without assessments of quality of 

interactions made (e.g., passive versus active social media use or valence of content). It is possible 

that the latter show differential associations with sleep and wellbeing measures. These assessments 

were also subjective and retrospective, and therefore may have been prone to memory biases. 

However, the retrospective assessments were taken no longer than a day after bedtime use, and 

participants were encouraged to respond to the questions within the first half of each day; these 

measures may have helped curb effects of memory biases. It is also important to consider that the 

collection of objective social media use is challenging, given the high degree of scrutiny around 

privacy and data protection in Europe. Second, in the absence of an experimental set up, inferences 

of causality cannot be drawn, and therefore, it is also likely that participants with high depressive 

symptoms used social media as an aid to fall asleep, rather than their sleep being negatively affected 

by bedtime media use. Finally, the sample consisted of University students, who were likely to be 

exposed to evidence and knowledge regarding media use, which might have contributed to findings 

of minimal social media usage (i.e., an average use of nine minutes per night). Therefore, findings 

from this study should be generalised to other population groups with caution. Specifically, young 

adults who are not highly qualified, may be at an increased risk of experiencing poor sleep and 

mental wellbeing due to increased bedtime social or electronic media use. Relatedly, findings may 

not be generalisable to adolescents, who unlike University students, face restrictions of early school 

start times, and are therefore more likely to experience habitual sleep restrictions. 

 

7.2.3 Chapter 6 

This study addressed a gap in knowledge regarding the effectiveness of delaying school start times 

in improving sleep duration and mental wellbeing within a European context. Utilising a natural 

experiment, i.e., data that was available pre and post policy implementation of delaying school start 

times, allowed for a more robust investigation of the effects of delaying school start times, relative 

to cross-sectional approaches. By extension, the study was able to assess the impact of the delay 

on a group who experienced the change versus one that did not. The longitudinal design allowed 

assessing a longer-term impact of delaying start times, which was often raised as a limitation of 

previous research, where only short-term benefits were noted (Marx et al., 2017). Finally, findings 

from our study, when taken together with those from previous studies that found improvements 

in sleep and wellbeing outcomes after modest delays of 25 and 30 minutes (Boergers et al., 2014; 
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Owens et al., 2010), suggest that a 20-minute change or delay is not long enough to facilitate and 

sustain changes in adolescent sleep behaviours. Therefore, efforts in the future could focus on 

examining delays of 25 minutes or more.  

Methodological limitations of the study may have contributed to the results.  The study published 

by Perkinson-Gloor et al. (2013) utilised data from 2011, whereas this study utilised data that was 

collected between 2013 until 2016. Contextual differences between these studies may have had 

differential impacts on the sleeping behaviour of adolescents, which were not captured or 

accounted for in the analysis. For instance, electronic and social media use amongst young people 

has been steadily increasing over these years (Chassiakos et al., 2016). Specifically, in Switzerland, 

between 2010 and 2012, the percentage of smartphone ownership amongst 12 – 19 year olds 

increased from 47% to 79%, whereas the number of adolescents who used the internet via their 

phones increased from 16% to 66% (Willemse et al., 2012). It is therefore possible that this 

increased use could have contributed to the later bedtimes as observed in the school start times 

change group. Another limitation of the study was in the way that time in bed or sleep duration 

was assessed; students were presented with categories of bed and wake times, for e.g., “before 9.30 

pm” and “after 7 am”, respectively. This disallowed calculating specific sleep durations, and also 

did not allow the study to capture students who had extreme bed or wake times. It is therefore 

possible that improvements in sleep may have been noted for those students who had particularly 

delayed bedtimes or particularly early wake times, pre-policy. Given that the data used in the study 

was generated from end-of-year student satisfaction reports, and not tailored specifically for an 

assessment of the impact of delayed school start times on sleep, other important sleep variables 

such as sleep satisfaction were not available. Moreover, all assessments were subjective, and 

therefore prone to participant bias.  
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7.3 Conclusion 

This dissertation examined the relationships between sleep, electronic and social media use, and 

mental wellbeing amongst adolescents and young adults. This research work comes at a time where 

there is an increased demand for more scientific evidence regarding topics of sleep and mental 

health and wellbeing, and therefore help inform current debates about the relationships between 

these variables. In particular, the studies examine the temporal relationships between the variables, 

and an individual-level and a policy-level intervention aimed at improving sleep of young people. 

Despite limitations, the methodological and/or analytical approaches for each study seek to go 

beyond the majority of research that employed cross-sectional study designs and adds to a growing 

body of evidence that utilise more robust methodologies. In short, the following evidence is 

presented: 

• Mild or moderate levels of bedtime electronic or social media use may not be a risk factor 

for poor sleep and wellbeing (studies 1 and 2, Chapters 4 and 5). 

• For healthy young adults, the assumption of a potentially negative effect of bedtime social 

media use on sleep and mental wellbeing may be unwarranted (study 2, Chapter 5). 

• Electronic and social media use may be a risk factor for poor sleep and poor mental 

wellbeing for vulnerable adolescents and young adults (studies 1 and 2, Chapters 4 and 5). 

• Interventions using a purely psychoeducative approach may not be effective in improving 

sleep and mental wellbeing, although they may improve poor sleep hygiene behaviours in 

the short-term (study 1, Chapter 4).  

• Delaying school start times by 20 minutes may not be effective in improving the sleep 

duration and wellbeing in the long-term (study 3, Chapter 6).  

This thesis investigated the understanding of how electronic and social media can be problematic 

for the sleep and mental wellbeing of young people, as well as explored ways in which sleep, and 

therefore mental wellbeing could potentially be improved. One of the most important findings is 

the following: There are a multitude of ways in which sleep problems can be addressed and 

targeted, however, of importance is the consideration of individual differences when making these 

choices, and in the knowledge that a one-size-fits-all approach is likely not beneficial. Concerns 

regarding young people’s sleep and mental health are at the forefront of discussions, globally. With 

a rise in dependence on digital media, including electronic and social media, it is important to 

understand the mechanisms underlying problematic use and dependence, and ways of mitigating 
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potentially harmful consequences, to ultimately help young people achieve healthier patterns of 

behaviour. Even though this thesis did not find evidence for the utility of delaying school start 

times as a way of improving sleep and mental wellbeing, the interest in this topic is still justified 

due to the opportunity it provides to young people to function on a schedule that is more attuned 

to their changing biological patterns. Thus, we must find ways of robustly determining how this 

can be used as an effective tool, and for whom it may be useful. This thesis highlights implications 

relevant for both researchers and policymakers and makes suggestions for avenues of future 

research. 

 

 



 

 

 107 

References 
 

Achermann, P. (2007). The two process model of sleep regulation revisited. Aviation, Space, and 

Environmental Medicine, 75(3), A37–A43. 

Ackermann, K., Revell, V. L., Lao, O., Rombouts, E. J., Skene, D. J., & Kayser, M. (2012). 

Diurnal rhythms in blood cell populations and the effect of acute sleep deprivation in 

healthy young men. Sleep, 35(7), 933–940. https://doi.org/10.5665/sleep.1954 

Ackermann, S., & Rasch, B. (2014). Differential effects of Non-REM and REM sleep on 

memory consolidation? Current Neurology and Neuroscience Reports, 14(2), 430. 

https://doi.org/10.1007/s11910-013-0430-8 

Anderson, B., Storfer-Isser, A., Taylor, H. G., Rosen, C. L., & Redline, S. (2009). Associations of 

executive function with sleepiness and sleep duration in adolescents. Pediatrics, 123(4), 

e701–e707. https://doi.org/10.1542/peds.2008-1182 

Andreassen, C. S., Pallesen, S., & Griffiths, M. D. (2017). The relationship between addictive use 

of social media, narcissism, and self-esteem: Findings from a large national survey. 

Addictive Behaviors, 64, 287–293. https://doi.org/10.1016/j.addbeh.2016.03.006 

Andressen, E., Malmgren, J., Carter, W., & Patrick, D. (1994). Screening for depression in well 

older adults: Evaluation of a short form of the CES-D. American Journal of Preventive 

Medicine, 10(2), 77–84. 

Arnett, J. J. (2000). Emerging adulthood: A theory of development from the late teens through 

the twenties. American Psychologist, 55(5), 469–480. https://doi.org/10.1037/0003-

066X.55.5.469 

Aserinksy, E., & Kleitman, N. (1953). Regularly occurring periods of eye motility, and 

concomitant phenomena, during sleep. Science, 118(3062), 273–274. 



 

 

 108 

Ashton, J. J., & Beattie, R. M. (2019). Screen time in children and adolescents: Is there evidence 

to guide parents and policy? The Lancet Child & Adolescent Health, 3(5), 292–294. 

https://doi.org/10.1016/S2352-4642(19)30062-8 

Åslund, L., Arnberg, F., Kanstrup, M., & Lekander, M. (2018). Cognitive and behavioral 

interventions to improve sleep in school-age children and adolescents: A systematic 

review and meta-analysis. Journal of Clinical Sleep Medicine, 14(11), 1937–1947. 

https://doi.org/10.5664/jcsm.7498 

Baddam, S. K. R., Canapari, C. A., Van Noordt, S. J. R., & Crowley, M. J. (2018). Sleep 

disturbances in child and adolescent mental health disorders: A review of the variability 

of objective sleep markers. Medical Sciences, 6(2), 46. 

https://doi.org/10.3390/medsci6020046 

Baiden, P., Tadeo, S. K., & Peters, K. E. (2019). The association between excessive screen-time 

behaviors and insufficient sleep among adolescents: Findings from the 2017 youth risk 

behavior surveillance system. Psychiatry Research, 281, 112586. 

https://doi.org/10.1016/j.psychres.2019.112586 

Bányai, F., Zsila, Á., Király, O., Maraz, A., Elekes, Z., Griffiths, M. D., Andreassen, C. S., & 

Demetrovics, Z. (2017). Problematic social media use: Results from a large-scale 

nationally representative adolescent sample. PLOS ONE, 12(1), e0169839. 

https://doi.org/10.1371/journal.pone.0169839 

Baron, K. G., & Reid, K. J. (2014). Circadian misalignment and health. International Review of 

Psychiatry (Abingdon, England), 26(2), 139–154. 

https://doi.org/10.3109/09540261.2014.911149 

Bartel, K., Scheeren, R., & Gradisar, M. (2019). Altering adolescents’ pre-bedtime phone use to 

achieve better sleep health. Health Communication, 34(4), 456–462. 

https://doi.org/10.1080/10410236.2017.1422099 

Bastien, C. (2001). Validation of the Insomnia Severity Index as an outcome measure for 

insomnia research. Sleep Medicine, 2(4), 297–307. https://doi.org/10.1016/S1389-

9457(00)00065-4 



 

 

 109 

Baum, K. T., Desai, A., Field, J., Miller, L. E., Rausch, J., & Beebe, D. W. (2014). Sleep 

restriction worsens mood and emotion regulation in adolescents. Journal of Child Psychology 

and Psychiatry, 55(2), 180–190. https://doi.org/10.1111/jcpp.12125 

Beebe, D. W. (2011). Cognitive, behavioral, and functional consequences of inadequate sleep in 

children and adolescents. Pediatric Clinics of North America, 58(3), 649–665. 

https://doi.org/10.1016/j.pcl.2011.03.002 

Beebe, D. W., Field, J., Milller, M. M., Miller, L. E., & LeBlond, E. (2017). Impact of multi-night 

experimentally induced short sleep on adolescent performance in a simulated classroom. 

Sleep, 40(2). https://doi.org/10.1093/sleep/zsw035 

Berryman, C., Ferguson, C. J., & Negy, C. E. (2018). Social media use and mental health among 

young adults. Psychiatric Quarterly, 89(2), 307–314. https://doi.org/10.1007/s11126-017-

9535-6 

Best, P., Manktelow, R., & Taylor, B. (2014). Online communication, social media and 

adolescent wellbeing: A systematic narrative review. Children and Youth Services Review, 41, 

27–36. https://doi.org/10.1016/j.childyouth.2014.03.001 

Blake, M. J. (2017). Systematic review and meta-analysis of adolescent Cognitive–Behavioral 

sleep interventions. Clinical Child and Family Psychology Review, 20, 227–249. 

https://doi.org/10.1007/s10567-017-0234-5 

Blake, M. J., Blake, L. M., Schwartz, O., Raniti, M., Waloszek, J. M., Murray, G., Simmons, J. G., 

Landau, E., Dahl, R. E., McMakin, D. L., Dudgeon, P., Trinder, J., & Allen, N. B. (2018). 

Who benefits from adolescent sleep interventions? Moderators of treatment efficacy in a 

randomized controlled trial of a cognitive-behavioral and mindfulness-based group sleep 

intervention for at-risk adolescents. Journal of Child Psychology and Psychiatry, 59(6), 637–

649. https://doi.org/10.1111/jcpp.12842 

Blake, M. J., Waloszek, J. M., Schwartz, O., Raniti, M., Simmons, J. G., Blake, L., Murray, G., 

Dahl, R. E., Bootzin, R., Dudgeon, P., Trinder, J., & Allen, N. B. (2016). The SENSE 

study: Post intervention effects of a randomized controlled trial of a cognitive–

behavioral and mindfulness-based group sleep improvement intervention among at-risk 

adolescents. Journal of Consulting and Clinical Psychology, 84(12), 1039–1051. 

https://doi.org/10.1037/ccp0000142 



 

 

 110 

Blunden, S., Chapman, J., & Rigney, G. (2012). Are sleep education programs successful? The 

case for improved and consistent research efforts. Sleep Medicine Reviews, 16(4), 355–370. 

https://doi.org/10.1016/j.smrv.2011.08.002 

Boergers, J., Gable, C. J., & Owens, J. A. (2014). Later school start time is associated with 

improved sleep and daytime functioning in adolescents. Journal of Developmental & 

Behavioral Pediatrics, 35(1), 11–17. https://doi.org/10.1097/DBP.0000000000000018 

Boivin, D. B. (1997). Complex interaction of the sleep-wake cycle and circadian phase modulates 

mood in healthy subjects. Archives of General Psychiatry, 54(2), 145. 

https://doi.org/10.1001/archpsyc.1997.01830140055010 

Boly, M., Perlbarg, V., Marrelec, G., Schabus, M., Laureys, S., Doyon, J., Pelegrini-Issac, M., 

Maquet, P., & Benali, H. (2012). Hierarchical clustering of brain activity during human 

nonrapid eye movement sleep. Proceedings of the National Academy of Sciences, 109(15), 5856–

5861. https://doi.org/10.1073/pnas.1111133109 

Bor, W., Dean, A. J., Najman, J., & Hayatbakhsh, R. (2014). Are child and adolescent mental 

health problems increasing in the 21st century? A systematic review. Australian & New 

Zealand Journal of Psychiatry, 48(7), 606–616. https://doi.org/10.1177/0004867414533834 

Borbély, A. A. (1982). A two process model of sleep regulation. Human Neurobiology, 1, 195–204. 

Borbély, A. A., & Achermann, P. (1999). Sleep homeostasis and models of sleep regulation. 

Journal of Biological Rhythms, 14(6), 12. https://doi.org/10.1177/074873099129000894 

Borbély, A. A., Daan, S., Wirz-Justice, A., & Deboer, T. (2016). The two-process model of sleep 

regulation: A reappraisal. Journal of Sleep Research, 25(2), 131–143. 

https://doi.org/10.1111/jsr.12371 

Boursier, V., Gioia, F., Musetti, A., & Schimmenti, A. (2020). Facing loneliness and anxiety 

during the COVID-19 isolation: The role of excessive social media use in a sample of 

Italian adults. Frontiers in Psychiatry, 11. https://doi.org/10.3389/fpsyt.2020.586222 

Bowers, J. M., & Moyer, A. (2017). Effects of school start time on students’ sleep duration, 

daytime sleepiness, and attendance: A meta-analysis. Sleep Health, 3(6), 423–431. 

https://doi.org/10.1016/j.sleh.2017.08.004 



 

 

 111 

Brick, C. A., Seely, D. L., & Palermo, T. M. (2010). Association between sleep hygiene and sleep 

quality in medical students. Behavioral Sleep Medicine, 8(2), 113–121. 

https://doi.org/10.1080/15402001003622925 

Bronfenbrenner, U. (1977). Toward an experimental ecology of human development. American 

Psychologist, 32(7), 513–531. https://doi.org/10.1037/0003-066X.32.7.513 

Bronfenbrenner, U. (1979). The ecology of human development: Experiments by nature and design. Harvard 

University Press. 

Bronfenbrenner, U. (1986). Ecology of the family as a context for human development: 

Research perspectives. Developmental Psychology, 22(6), 723–742. 

https://doi.org/10.1037/0012-1649.22.6.723 

Bronfenbrenner, U. (1995). Developmental ecology through space and time: A future 

perspective. In P. Moen, G. H. Elder, & K. Lüscher (Eds.), Examining lives in context: 

Perspectives on the ecology of human development (pp. 619–647). American Psychological 

Association. https://doi.org/10.1037/10176-018 

Bronfenbrenner, U. (2001). Bioecological theory of human development. In N. J. Smelser & P. 

B. Baltes (Eds.), International Encyclopedia of the Social & Behavioral Sciences (pp. 6963–6970). 

Pergamon. https://doi.org/10.1016/B0-08-043076-7/00359-4 

Bronfenbrenner, U., & Ceci, S. J. (1994). Nature-nuture reconceptualized in developmental 

perspective: A bioecological mode. Psychological Review, 101(4), 568–586. 

https://doi.org/10.1037/0033-295X.101.4.568 

Bronfenbrenner, U., & Morris, P. A. (1998). The ecology of developmental processes. In R. M. 

Lerner (Ed.), Handbook of child psychology: Vol. 1. Theoretical models of human development (5th 

ed., pp. 993–1028). Wiley. 

Brown, F. C., Buboltz Jr, W. C., & Soper, B. (2006). Development and evaluation of the Sleep 

Treatment and Education Program for Students (STEPS). Journal of American College 

Health, 54(4), 231–237. https://doi.org/10.3200/JACH.54.4.231-237 

Brown, F. C., Buboltz, W. C., & Soper, B. (2002). Relationship of sleep hygiene awareness, sleep 

hygiene practices, and sleep quality in university students. Behavioral Medicine, 28(1), 33–

38. https://doi.org/10.1080/08964280209596396 



 

 

 112 

Brown, Z., & Tiggemann, M. (2016). Attractive celebrity and peer images on Instagram: Effect 

on women’s mood and body image. Body Image, 19, 37–43. 

https://doi.org/10.1016/j.bodyim.2016.08.007 

Brunborg, G. S., Mentzoni, R. A., Molde, H., Myrseth, H., Skouverøe, K. J. M., Bjorvatn, B., & 

Pallesen, S. (2011). The relationship between media use in the bedroom, sleep habits and 

symptoms of insomnia. Journal of Sleep Research, 20(4), 569–575. 

https://doi.org/10.1111/j.1365-2869.2011.00913.x 

Brzezinski, A. (1997). Melatonin in humans. The New England Journal of Medicine, 336, 186–195. 

https://doi.org/10.1056/NEJM199701163360306 

Burke, M., Marlow, C., & Lento, T. (2010). Social network activity and social well-being. 

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, 1909–1912. 

http://dl.acm.org/citation.cfm?id=1753613 

Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The 

Pittsburgh Sleep Quality Index: A new instrument for psychiatric practice and research. 

Psychiatry Research, 28(2), 193–213. https://doi.org/10.1016/0165-1781(89)90047-4 

Cain, N., & Gradisar, M. (2010). Electronic media use and sleep in school-aged children and 

adolescents: A review. Sleep Medicine, 11(8), 735–742. 

https://doi.org/10.1016/j.sleep.2010.02.006 

Cain, N., Gradisar, M., & Moseley, L. (2011). A motivational school-based intervention for 

adolescent sleep problems. Sleep Medicine, 12(3), 246–251. 

https://doi.org/10.1016/j.sleep.2010.06.008 

Cajochen, C., Frey, S., Ander, D., Späti, J., Bues, M., Pross, A., Mager, R., Wirz-Justice, A., & 

Stefani, O. (2011). Evening exposure to a light-emitting diodes (LED)-backlit computer 

screen affects circadian physiology and cognitive performance. Journal of Applied Physiology, 

110, 1432–1438. https://doi.org/10.1152/japplphysiol.00165.2011 

Cajochen, C., Münch, M., Kobialka, S., Kräuchi, K., Steiner, R., Oelhafen, P., Orgül, S., & Wirz-

Justice, A. (2005). High sensitivity of human melatonin, alertness, thermoregulation, and 

heart rate to short wavelength light. The Journal of Clinical Endocrinology & Metabolism, 

90(3), 1311–1316. https://doi.org/10.1210/jc.2004-0957 



 

 

 113 

Callaway, C. W., Lydic, R., Baghdoyan, H. A., & Hobson, J. A. (1987). Pontogeniculooccipital 

waves: Spontaneous visual system activity during rapid eye movement sleep. Cellular and 

Molecular Neurobiology, 7(2), 105–149. https://doi.org/10.1007/BF00711551 

Campbell, I. G., Darchia, N., Khaw, W. Y., Higgins, L. M., & Feinberg, I. (2005). Sleep EEG 

evidence of sex differences in adolescent brain maturation. Sleep, 28(5), 637–643. 

https://doi.org/10.1093/sleep/28.5.637 

Campbell, I. G., Higgins, L. M., Trinidad, J. M., Richardson, P., & Feinberg, I. (2007). The 

increase in longitudinally measured sleepiness across adolescence is related to the 

maturational decline in low-frequency EEG power. Sleep, 30(12), 1677–1687. 

https://doi.org/10.1093/sleep/30.12.1677 

Carskadon, M. A. (1982). The second decade of life. In C. Guilleminault (Ed.), Sleeping and waking 

disorders: Indications and techniques (pp. 99–125). Addison Wesley. 

Carskadon, M. A. (2011). Sleep in adolescents: The perfect storm. Pediatric Clinics of North 

America, 58(3), 637–647. https://doi.org/10.1016/j.pcl.2011.03.003 

Carskadon, M. A., Acebo, C., & Jenni, O. G. (2004). Regulation of adolescent sleep: Implications 

for behaviour. Annals of New York Academy of Science, 1021, 276–291. 

https://doi.org/10.1196/annals.1308.032 

Carskadon, M. A., Acebo, C., Richardson, G. S., Tate, B. A., & Seifer, R. (1997). An approach to 

studying circadian rhythms of adolescent humans. Journal of Biological Rhythms, 12(3), 278–

289. https://doi.org/10.1177/074873049701200309 

Carskadon, M. A., & Dement, W. C. (2011). Monitoring and staging human sleep. 

Carskadon, M. A., Harvey, K., Duke, P., Anders, T. F., Litt, I. F., & Dement, W. C. (1980). 

Pubertal changes in daytime sleepiness. Sleep, 2(4), 453–460. 

https://doi.org/10.1093/sleep/2.4.453 

Carskadon, M. A., Vieira, C., & Acebo, C. (1993). Association between puberty and delayed 

phase preference. Sleep, 16(3), 258–262. https://doi.org/10.1093/sleep/16.3.258 



 

 

 114 

Carskadon, M. A., Wolfson, A. R., Acebo, C., Tzischinsky, O., & Seifer, R. (1998). Adolescent 

sleep patterns, circadian timing, and sleepiness at a transition to early school days. Sleep, 

21(8), 871–881. https://doi.org/10.1093/sleep/21.8.871 

Cassoff, J., Knäuper, B., Michaelsen, S., & Gruber, R. (2013). School-based sleep promotion 

programs: Effectiveness, feasibility and insights for future research. Sleep Medicine Reviews, 

17(3), 207–214. https://doi.org/10.1016/j.smrv.2012.07.001 

Cauberghe, V., Van Wesenbeeck, I., De Jans, S., Hudders, L., & Ponnet, K. (2021). How 

adolescents use social media to cope with feelings of loneliness and anxiety during 

COVID-19 lockdown. Cyberpsychology, Behavior, and Social Networking, 24(4), 250–257. 

https://doi.org/10.1089/cyber.2020.0478 

Chahal, H., Fung, C., Kuhle, S., & Veugelers, P. J. (2013). Availability and night‐time use of 

electronic entertainment and communication devices are associated with short sleep 

duration and obesity among Canadian children. Pediatric Obesity, 8, 42–51. 

https://doi.org/10.1111/j.2047-6310.2012.00085.x 

Chang, A.-M., Aeschbach, D., Duffy, J. F., & Czeisler, C. A. (2015). Evening use of light-

emitting eReaders negatively affects sleep, circadian timing, and next-morning alertness. 

Proceedings of the National Academy of Sciences, 112(4), 1232–1237. 

https://doi.org/10.1073/pnas.1418490112 

Chassiakos, Y. R., Radesky, J., Christakis, D., Moreno, M. A., Cross, C., & Media, C. on C. A. 

(2016). Children and adolescents and digital media. Pediatrics, 138(5). 

https://doi.org/10.1542/peds.2016-2593 

Chattu, V., Manzar, Md., Kumary, S., Burman, D., Spence, D., & Pandi-Perumal, S. (2018). The 

global problem of insufficient sleep and its serious public health implications. Healthcare, 

7(1), 1. https://doi.org/10.3390/healthcare7010001 

Chen, W., Fan, C.-Y., Liu, Q.-X., Zhou, Z.-K., & Xie, X.-C. (2016). Passive social network site 

use and subjective well-being: A moderated mediation model. Computers in Human 

Behavior, 64, 507–514. https://doi.org/10.1016/j.chb.2016.04.038 



 

 

 115 

Childwise. (2020). Childwise Monitor Report. 

http://www.childwise.co.uk/uploads/3/1/6/5/31656353/childwise_press_release_-

_monitor_2020_-_immediate_release.pdf 

Chung, K.-F., & Cheung, M.-M. (2008). Sleep-wake patterns and sleep disturbance among Hong 

Kong Chinese adolescents. Sleep, 31(2), 185. 

Colrain, I. M., & Baker, F. C. (2011). Changes in sleep as a function of adolescent development. 

Neuropsychology Review, 21(1), 5–21. https://doi.org/10.1007/s11065-010-9155-5 

Copeland, W. E., Wolke, D., Shanahan, L., & Costello, E. J. (2015). Adult functional outcomes 

of common childhood psychiatric problems: A prospective, longitudinal study. JAMA 

Psychiatry, 72(9), 892–899. https://doi.org/10.1001/jamapsychiatry.2015.0730 

Council on communications and media. (2016). Media use in school-aged children and 

adolescents. Pediatrics, 138(5), e20162592. https://doi.org/10.1542/peds.2016-2592 

Crowley, S. J., Acebo, C., & Carskadon, M. A. (2007). Sleep, circadian rhythms, and delayed 

phase in adolescence. Sleep Medicine, 8(6), 602–612. 

https://doi.org/10.1016/j.sleep.2006.12.002 

Crowley, S. J., Acebo, C., & Carskadon, M. A. (2012). Human puberty: Salivary melatonin 

profiles in constant conditions. Developmental Psychobiology, 54(4), 468–473. 

https://doi.org/10.1002/dev.20605 

Crowley, S. J., Cain, S. W., Burns, A. C., Acebo, C., & Carskadon, M. A. (2015). Increased 

sensitivity of the circadian system to light in early/mid-puberty. The Journal of Clinical 

Endocrinology & Metabolism, 100(11), 4067–4073. https://doi.org/10.1210/jc.2015-2775 

Crowley, S. J., & Eastman, C. I. (2017). Human adolescent phase response curves to bright white 

light. Journal of Biological Rhythms, 32(4), 334–344. 

https://doi.org/10.1177/0748730417713423 

Crowley, S. J., Wolfson, A. R., Tarokh, L., & Carskadon, M. A. (2018). An update on adolescent 

sleep: New evidence informing the perfect storm model. Journal of Adolescence, 67, 55–65. 

https://doi.org/10.1016/j.adolescence.2018.06.001 



 

 

 116 

Curcio, G., Ferrara, M., & Degennaro, L. (2006). Sleep loss, learning capacity and academic 

performance. Sleep Medicine Reviews, 10(5), 323–337. 

https://doi.org/10.1016/j.smrv.2005.11.001 

Dawson, D., & Encel, N. (1993). Melatonin and sleep in humans. Journal of Pineal Research, 15(1), 

1–12. https://doi.org/10.1111/j.1600-079X.1993.tb00503.x 

De Bruin, E. J., Bögels, S. M., & Meijer, A. M. (2015). Efficacy of Cognitive Behavioral Therapy 

for insomnia in adolescents: A randomized controlled trial with internet therapy, group 

therapy and a waiting list condition. Sleep, 38(12), 1913–1926. 

https://doi.org/10.5665/sleep.5240 

Deboer, T. (2018). Sleep homeostasis and the circadian clock: Do the circadian pacemaker and 

the sleep homeostat influence each other’s functioning? Neurobiology of Sleep and Circadian 

Rhythms, 5, 68–77. https://doi.org/10.1016/j.nbscr.2018.02.003 

Demirci, K., Akgönül, M., & Akpinar, A. (2015). Relationship of smartphone use severity with 

sleep quality, depression, and anxiety in university students. Journal of Behavioral Addictions, 

4(2), 85–92. https://doi.org/10.1556/2006.4.2015.010 

Dewald, J. F., Meijer, A. M., Oort, F. J., Kerkhof, G. A., & Bögels, S. M. (2010). The influence of 

sleep quality, sleep duration and sleepiness on school performance in children and 

adolescents: A meta-analytic review. Sleep Medicine Reviews, 14(3), 179–189. 

https://doi.org/10.1016/j.smrv.2009.10.004 

Dewald-Kaufmann, J. F., Oort, F. J., & Meijer, A. M. (2014). The effects of sleep extension and 

sleep hygiene advice on sleep and depressive symptoms in adolescents: A randomized 

controlled trial. Journal of Child Psychology and Psychiatry, 55(3), 273–283. 

https://doi.org/10.1111/jcpp.12157 

Díaz-Morales, J. F. (2016). Anxiety during adolescence: Considering morningness–eveningness 

as a risk factor. Sleep and Biological Rhythms, 14(2), 141–147. 

https://doi.org/10.1007/s41105-015-0032-8 

Diekelmann, S., & Born, J. (2010). The memory function of sleep. Nature Reviews Neuroscience, 

11(2), 114–126. https://doi.org/10.1038/nrn2762 



 

 

 117 

Dijk, D.-J., & Archer, S. N. (2009). Light, sleep, and circadian rhythms: Together again. PLoS 

Biology, 7(6), e1000145. https://doi.org/10.1371/journal.pbio.1000145 

Donnelly, E., & Kuss, D. J. (2016). Depression among users of Social Networking Sites (SNSs): 

The role of SNS addiction and increased usage. Journal of Addiction and Preventive Medicine, 

2, 107. https://doi.org/10.19104/japm.2016.107 

Drake, C., Richardson, G., Roehrs, T., Scofield, H., & Roth, T. (2004). Vulnerability to stress-

related sleep disturbance and hyperarousal. Sleep, 27(2), 285–291. 

https://doi.org/10.1093/sleep/27.2.285 

Edwards, F. (2012). Early to rise? The effect of daily start times on academic performance. 

Economics of Education Review, 31(6), 970–983. 

https://doi.org/10.1016/j.econedurev.2012.07.006 

Eggermont, S., & Van den Bulck, J. (2006). Nodding off or switching off? The use of popular 

media as a sleep aid in secondary-school children. Journal of Paediatrics and Child Health, 

42(7–8), 428–433. https://doi.org/10.1111/j.1440-1754.2006.00892.x 

Elhai, J. D., Levine, J. C., Dvorak, R. D., & Hall, B. J. (2016). Fear of missing out, need for 

touch, anxiety and depression are related to problematic smartphone use. Computers in 

Human Behavior, 63, 509–516. https://doi.org/10.1016/j.chb.2016.05.079 

Eliasson, A. H., Lettieri, C. J., & Eliasson, A. H. (2010). Early to bed, early to rise! Sleep habits 

and academic performance in college students. Sleep and Breathing, 14(1), 71–75. 

https://doi.org/10.1007/s11325-009-0282-2 

Escobar-Viera, C. G., Shensa, A., Bowman, N. D., Sidani, J. E., Knight, J., James, A. E., & 

Primack, B. A. (2018). Passive and active social media use and depressive symptoms 

among United States adults. Cyberpsychology, Behavior, and Social Networking, 21(7), 437–443. 

https://doi.org/10.1089/cyber.2017.0668 

Fang, H., Tu, S., Sheng, J., & Shao, A. (2019). Depression in sleep disturbance: A review on a 

bidirectional relationship, mechanisms and treatment. Journal of Cellular and Molecular 

Medicine, 23(4), 2324–2332. https://doi.org/10.1111/jcmm.14170 



 

 

 118 

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analyses using 

G*Power 3.1: Tests for correlation and regression analyses. Behavior Research Methods, 

41(4), 1149–1160. https://doi.org/10.3758/BRM.41.4.1149 

Feinberg, I. (1974). Changes in sleep cycle patterns with age. Journal of Psychiatric Research, 10(3–4), 

283–306. https://doi.org/10.1016/0022-3956(74)90011-9 

Feinberg, I., & Campbell, I. G. (2010). Sleep EEG changes during adolescence: An index of a 

fundamental brain reorganization. Brain and Cognition, 72(1), 56–65. 

https://doi.org/10.1016/j.bandc.2009.09.008 

Feinberg, I., Higgins, L. M., Khaw, W. Y., & Campbell, I. G. (2006). The adolescent decline of 

NREM delta, an indicator of brain maturation, is linked to age and sex but not to 

pubertal stage. American Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 

291(6), R1724–R1729. https://doi.org/10.1152/ajpregu.00293.2006 

Fend, H., & Prester, H. G. (1986). Documentation of the scales of the project “Development 

during Adolescence”[Dokumentation der Skalen des Projekts Entwicklung im 

Jugendalter]. In Sozialwissenschaftliche Fakultät. 

Figueiro, M., & Overington, D. (2016). Self-luminous devices and melatonin suppression in 

adolescents. Lighting Research & Technology, 48(8), 966–975. 

https://doi.org/10.1177/1477153515584979 

Fossum, I. N., Nordnes, L. T., Storemark, S. S., Bjorvatn, B., & Pallesen, S. (2014). The 

association between use of electronic media in bed before going to sleep and insomnia 

symptoms, daytime sleepiness, morningness, and chronotype. Behavioral Sleep Medicine, 

12(5), 343–357. https://doi.org/10.1080/15402002.2013.819468 

Franken, P. (2013). A role for clock genes in sleep homeostasis. Current Opinion in Neurobiology, 

23(5), 864–872. https://doi.org/10.1016/j.conb.2013.05.002 

Freeman, D., Sheaves, B., Goodwin, G. M., Yu, L.-M., Nickless, A., Harrison, P. J., Emsley, R., 

Luik, A. I., Foster, R. G., Wadekar, V., Hinds, C., Gumley, A., Jones, R., Lightman, S., 

Jones, S., Bentall, R., Kinderman, P., Rowse, G., Brugha, T., … Espie, C. A. (2017). The 

effects of improving sleep on mental health (OASIS): A randomised controlled trial with 



 

 

 119 

mediation analysis. The Lancet Psychiatry, 4(10), 749–758. https://doi.org/10.1016/S2215-

0366(17)30328-0 

Friedrich, A., & Schlarb, A. A. (2018). Let’s talk about sleep: A systematic review of 

psychological interventions to improve sleep in college students. Journal of Sleep Research, 

27(1), 4–22. https://doi.org/10.1111/jsr.12568 

Galván, A. (2020). The need for sleep in the adolescent brain. Trends in Cognitive Sciences, 24(1), 

79–89. https://doi.org/10.1016/j.tics.2019.11.002 

Gau, S. S.-F., Shang, C.-Y., Merikangas, K. R., Chiu, Y.-N., Soong, W.-T., & Cheng, A. T.-A. 

(2007). Association between Morningness-Eveningness and behavioral/emotional 

problems among adolescents. Journal of Biological Rhythms, 22(3), 268–274. 

https://doi.org/10.1177/0748730406298447 

Ghekiere, A., Van Cauwenberg, J., Vandendriessche, A., Inchley, J., Gaspar de Matos, M., 

Borraccino, A., Gobina, I., Tynjälä, J., Deforche, B., & De Clercq, B. (2019). Trends in 

sleeping difficulties among European adolescents: Are these associated with physical 

inactivity and excessive screen time? International Journal of Public Health, 64(4), 487–498. 

https://doi.org/10.1007/s00038-018-1188-1 

Glozier, N., Martiniuk, A., Patton, G., Ivers, R., Li, Q., Hickie, I., Senserrick, T., Woodward, M., 

Norton, R., & Stevenson, M. (2010). Short sleep duration in prevalent and persistent 

psychological distress in young adults: The DRIVE study. Sleep, 33(9), 1139–1145. 

https://doi.org/10.1093/sleep/33.9.1139 

Golemis, A., Voitsidis, P., Parlapani, E., Nikopoulou, V. A., Tsipropoulou, V., Karamouzi, P., 

Giazkoulidou, A., Dimitriadou, A., Kafetzopoulou, C., Holeva, V., & Diakogiannis, I. 

(2021). Young adults’ coping strategies against loneliness during the COVID-19-related 

quarantine in Greece. Health Promotion International. 

https://doi.org/10.1093/heapro/daab053 

Gomes, A. A., Tavares, J., & de Azevedo, M. H. P. (2011). Sleep and academic performance in 

undergraduates: A multi-measure, multi-predictor approach. Chronobiology International, 

28(9), 786–801. https://doi.org/10.3109/07420528.2011.606518 



 

 

 120 

Goodman, A., & Goodman, R. (2009). Strengths and difficulties questionnaire as a dimensional 

measure of child mental health. Journal of the American Academy of Child & Adolescent 

Psychiatry, 48(4), 400–403. https://doi.org/10.1097/CHI.0b013e3181985068 

Gradisar, M., Gardner, G., & Dohnt, H. (2011). Recent worldwide sleep patterns and problems 

during adolescence: A review and meta-analysis of age, region, and sleep. Sleep Medicine, 

12(2), 110–118. https://doi.org/10.1016/j.sleep.2010.11.008 

Gregory, A. M., & Sadeh, A. (2016). Annual research review: Sleep problems in childhood 

psychiatric disorders - A review of the latest science. Journal of Child Psychology and 

Psychiatry, 57(3), 296–317. https://doi.org/10.1111/jcpp.12469 

Griggs, S., Conley, S., Batten, J., & Grey, M. (2020). A systematic review and meta-analysis of 

behavioral sleep interventions for adolescents and emerging adults. Sleep Medicine Reviews, 

54, 101356. https://doi.org/10.1016/j.smrv.2020.101356 

Grimaldi, D., Carter, J. R., Van Cauter, E., & Leproult, R. (2016). Adverse impact of sleep 

restriction and circadian misalignment on autonomic function in healthy young adults. 

Hypertension, 68(1), 243–250. 

https://doi.org/10.1161/HYPERTENSIONAHA.115.06847 

Grob, A., Little, T. D., Wanner, B., & Wearing, A. J. (1996). Adolescents’ well-being and 

perceived control across 14 sociocultural contexts. Journal of Personality and Social Psychology, 

71(4), 785–795. https://doi.org/10.1037/0022-3514.71.4.785 

Gronfier, C., Simon, C., Piquard, F., Ehrhart, J., & Brandenberger, G. (1999). Neuroendocrine 

processes underlying ultradian sleep regulation in man. The Journal of Clinical Endocrinology 

& Metabolism, 84(8), 2686–2690. https://doi.org/10.1210/jcem.84.8.5893 

Grønli, J., Byrkjedal, I. K., Bjorvatn, B., Nødtvedt, Ø., Hamre, B., & Pallesen, S. (2016). Reading 

from an iPad or from a book in bed: The impact on human sleep. A randomized 

controlled crossover trial. Sleep Medicine, 21, 86–92. 

https://doi.org/10.1016/j.sleep.2016.02.006 

Gruber, R., & Cassoff, J. (2014). The interplay between sleep and emotion regulation: 

Conceptual famework, empirical evidence and future directions. Current Psychiatry Reports, 

16(11), 500. https://doi.org/10.1007/s11920-014-0500-x 



 

 

 121 

Gujar, N., McDonald, S. A., Nishida, M., & Walker, M. P. (2011). A role for REM sleep in 

recalibrating the sensitivity of the human brain to specific emotions. Cerebral Cortex, 

21(1), 115–123. https://doi.org/10.1093/cercor/bhq064 

Gustavson, K., Knudsen, A. K., Nesvåg, R., Knudsen, G. P., Vollset, S. E., & Reichborn-

Kjennerud, T. (2018). Prevalence and stability of mental disorders among young adults: 

Findings from a longitudinal study. BMC Psychiatry, 18(1), 65. 

https://doi.org/10.1186/s12888-018-1647-5 

Hagenauer, M. H., Perryman, J. I., Lee, T. M., & Carskadon, M. A. (2009). Adolescent changes in 

the homeostatic and circadian regulation of sleep. Developmental Neuroscience, 31(4), 276–

284. https://doi.org/10.1159/000216538 

Hagquist, C., Due, P., Torsheim, T., & Välimaa, R. (2019). Cross-country comparisons of trends 

in adolescent psychosomatic symptoms – a Rasch analysis of HBSC data from four 

Nordic countries. Health and Quality of Life Outcomes, 17(1), 27. 

https://doi.org/10.1186/s12955-019-1097-x 

Hahn, C., Cowell, J. M., Wiprzycka, U. J., Goldstein, D., Ralph, M., Hasher, L., & Zelazo, P. D. 

(2012). Circadian rhythms in executive function during the transition to adolescence: The 

effect of synchrony between chronotype and time of day. Developmental Science, 15(3), 

408–416. https://doi.org/10.1111/j.1467-7687.2012.01137.x 

Hale, L., & Guan, S. (2015). Screen time and sleep among school-aged children and adolescents: 

A systematic literature review. Sleep Medicine Reviews, 21, 50–58. 

https://doi.org/10.1016/j.smrv.2014.07.007 

Hale, L., Kirschen, G. W., LeBourgeois, M. K., Gradisar, M., Garrison, M. M., Montgomery-

Downs, H., Kirschen, H., McHale, S. M., Chang, A.-M., & Buxton, O. M. (2018). Youth 

screen media habits and sleep: Sleep-friendly screen-behavior recommendations for 

clinicians, educators, and parents. Child and Adolescent Psychiatric Clinics of North America, 

27(2), 229–245. https://doi.org/10.1016/j.chc.2017.11.014 

Hale, L., & Troxel, W. (2018). Embracing the school start later movement: Adolescent sleep 

deprivation as a public health and social justice problem. American Journal of Public Health, 

108(5), 599–600. https://doi.org/10.2105/AJPH.2018.304381 



 

 

 122 

Hale, L., Troxel, W., & Buysse, D. J. (2020). Sleep health: An opportunity for public health to 

address health equity. Annual Review of Public Health, 41(1), 81–99. 

https://doi.org/10.1146/annurev-publhealth-040119-094412 

Haug, S., Castro, R. P., Kwon, M., Filler, A., Kowatsch, T., & Schaub, M. P. (2015). Smartphone 

use and smartphone addiction among young people in Switzerland. Journal of Behavioral 

Addictions, 4(4), 299–307. https://doi.org/10.1556/2006.4.2015.037 

Hautzinger, M., & Bailer, M. (1993). Allgemeine Depressions-Skala: ADS. Manual. 

Heffer, T., Good, M., Daly, O., MacDonell, E., & Willoughby, T. (2019). The longitudinal 

association between social-media use and depressive symptoms among adolescents and 

young adults: An empirical reply to Twenge et al. (2018). Clinical Psychological Science, 7(3), 

462–470. https://doi.org/10.1177/2167702618812727 

Hershner, S., & Chervin, R. (2014). Causes and consequences of sleepiness among college 

students. Nature and Science of Sleep, 73. https://doi.org/10.2147/NSS.S62907 

Higuchi, S., Motohashi, Y., Liu, Y., & Maeda, A. (2005). Effects of playing a computer game 

using a bright display on presleep physiological variables, sleep latency, slow wave sleep 

and REM sleep. Journal of Sleep Research, 14(3), 267–273. https://doi.org/10.1111/j.1365-

2869.2005.00463.x 

Higuchi, S., Nagafuchi, Y., Lee, S., & Harada, T. (2014). Influence of light at night on melatonin 

suppression in children. The Journal of Clinical Endocrinology & Metabolism, 99(9), 3298–

3303. https://doi.org/10.1210/jc.2014-1629 

Hirshkowitz, M., Whiton, K., Albert, S. M., Alessi, C., Bruni, O., DonCarlos, L., Hazen, N., 

Herman, J., Katz, E. S., Kheirandish-Gozal, L., Neubauer, D. N., O’Donnell, A. E., 

Ohayon, M., Peever, J., Rawding, R., Sachdeva, R. C., Setters, B., Vitiello, M. V., Ware, J. 

C., & Adams Hillard, P. J. (2015). National Sleep Foundation’s sleep time duration 

recommendations: Methodology and results summary. Sleep Health, 1(1), 40–43. 

https://doi.org/10.1016/j.sleh.2014.12.010 

Högberg, B., Strandh, M., & Hagquist, C. (2020). Gender and secular trends in adolescent mental 

health over 24 years – The role of school-related stress. Social Science & Medicine, 250, 

112890. https://doi.org/10.1016/j.socscimed.2020.112890 



 

 

 123 

Hysing, M., Harvey, A. G., Linton, S. J., Askeland, K. G., & Sivertsen, B. (2016). Sleep and 

academic performance in later adolescence: Results from a large population-based study. 

Journal of Sleep Research, 25(3), 318–324. https://doi.org/10.1111/jsr.12373 

Hysing, M., Pallesen, S., Stormark, K. M., Jakobsen, R., Lundervold, A. J., & Sivertsen, B. (2015). 

Sleep and use of electronic devices in adolescence: Results from a large population-based 

study. BMJ Open, 5(1), e006748–e006748. https://doi.org/10.1136/bmjopen-2014-

006748 

Illingworth, G., Sharman, R., Jowett, A., Harvey, C.-J., Foster, R., & Espie, C. (2018). Challenges 

in implementing and assessing outcomes of school start time change in the UK: 

Experience of the Oxford Teensleep study. Sleep Medicine. 

https://doi.org/10.1016/j.sleep.2018.10.021 

James, S. L., Abate, D., Abate, K. H., Abay, S. M., Abbafati, C., Abbasi, N., Abbastabar, H., 

Abd-Allah, F., Abdela, J., Abdelalim, A., Abdollahpour, I., Abdulkader, R. S., Abebe, Z., 

Abera, S. F., Abil, O. Z., Abraha, H. N., Abu-Raddad, L. J., Abu-Rmeileh, N. M. E., 

Accrombessi, M. M. K., … Murray, C. J. L. (2018). Global, regional, and national 

incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 

countries and territories, 1990–2017: A systematic analysis for the Global Burden of 

Disease Study 2017. The Lancet, 392(10159), 1789–1858. https://doi.org/10.1016/S0140-

6736(18)32279-7 

James, S. M., Honn, K. A., Gaddameedhi, S., & Van Dongen, H. P. A. (2017). Shift work: 

Disrupted circadian rhythms and sleep—implications for health and well-being. Current 

Sleep Medicine Reports, 3(2), 104–112. https://doi.org/10.1007/s40675-017-0071-6 

Jelenchick, L. A., Eickhoff, J. C., & Moreno, M. A. (2013). “Facebook Depression?” Social 

Networking Site use and depression in older adolescents. Journal of Adolescent Health, 52, 

128–130. https://doi.org/10.1016/j.jadohealth.2012.05.008 

Jenkins-Guarnieri, M. A., Wright, S. L., & Johnson, B. (2013). Development and validation of a 

social media use integration scale. Psychology of Popular Media Culture, 2(1), 38–50. 

https://doi.org/10.1037/a0030277 

Jenni, O. G., & Carskadon, M. A. (2004). Spectral analysis of the sleep electroencephalogram 

during adolescence. Sleep. https://doi.org/10.1093/sleep/27.4.774 



 

 

 124 

Jenni, O. G., Reen, E. V., & Carskadon, M. A. (2005). Regional differences of the sleep 

electroencephalogram in adolescents. Journal of Sleep Research, 14(2), 141–147. 

https://doi.org/10.1111/j.1365-2869.2005.00449.x 

Ji, X., & Liu, J. (2016). Subjective sleep measures for adolescents: A systematic review. Child: 

Care, Health and Development, 42(6), 825–839. https://doi.org/10.1111/cch.12376 

Kalak, N., Gerber, M., Kirov, R., Mikoteit, T., Pühse, U., Holsboer-Trachsler, E., & Brand, S. 

(2012). The relation of objective sleep patterns, depressive symptoms, and sleep 

disturbances in adolescent children and their parents: A sleep-EEG study with 47 

families. Journal of Psychiatric Research, 46(10), 1374–1382. 

https://doi.org/10.1016/j.jpsychires.2012.07.006 

Kalpidou, M., Costin, D., & Morris, J. (2011). The relationship between Facebook and the well-

being of undergraduate college students. Cyberpsychology, Behavior, and Social Networking, 

14(4), 183–189. https://doi.org/10.1089/cyber.2010.0061 

Karatsoreos, I. N., & Silver, R. (2007). Minireview: The neuroendocrinology of the 

Suprachiasmatic Nucleus as a conductor of body time in mammals. Endocrinology, 148(12), 

5640–5647. https://doi.org/10.1210/en.2007-1083 

Keles, B., McCrae, N., & Grealish, A. (2019). A systematic review: The influence of social media 

on depression, anxiety and psychological distress in adolescents. International Journal of 

Adolescence and Youth, 1–15. https://doi.org/10.1080/02673843.2019.1590851 

Kelley, P., Lockley, S. W., Kelley, J., & Evans, M. D. R. (2017). Is 8:30 a.m. Still too early to start 

school? A 10:00 a.m. School start time improves health and performance of students 

aged 13–16. Frontiers in Human Neuroscience, 11. 

https://doi.org/10.3389/fnhum.2017.00588 

Kelly, Y., Zilanawala, A., Booker, C., & Sacker, A. (2018). Social media use and adolescent 

mental health: Findings from the UK Millennium Cohort Study. EClinicalMedicine, 6, 59–

68. https://doi.org/doi.org/10.1016/j.eclinm.2018.12.005 

Kessler, R. C., Avenevoli, S., & Ries Merikangas, K. (2001). Mood disorders in children and 

adolescents: An epidemiologic perspective. Biological Psychiatry, 49(12), 1002–1014. 

https://doi.org/10.1016/S0006-3223(01)01129-5 



 

 

 125 

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E. (2005). 

Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the National 

Comorbidity Survey Replication. Archives of General Psychiatry, 62(6), 593. 

https://doi.org/10.1001/archpsyc.62.6.593 

Khalsa, S. B. S., Jewett, M. E., Cajochen, C., & Czeisler, C. A. (2003). A phase response curve to 

single bright light pulses in human subjects. The Journal of Physiology, 549(3), 945–952. 

https://doi.org/10.1113/jphysiol.2003.040477 

Kieling, C., Baker-Henningham, H., Belfer, M., Conti, G., Ertem, I., Omigbodun, O., Rohde, L. 

A., Srinath, S., Ulkuer, N., & Rahman, A. (2011). Child and adolescent mental health 

worldwide: Evidence for action. The Lancet, 378(9801), 1515–1525. 

https://doi.org/10.1016/S0140-6736(11)60827-1 

Kira, G., Maddison, R., Hull, M., Blunden, S., & Olds, T. (2014). Sleep education improves the 

sleep duration of adolescents: A randomized controlled pilot study. Journal of Clinical Sleep 

Medicine, 10(7), 787–792. 

Kirby, M., Maggi, S., & D’Angiulli, A. (2011). School start times and the sleep–wake cycle of 

adolescents: A review and critical evaluation of available evidence. Educational Researcher, 

40(2), 56–61. https://doi.org/10.3102/0013189X11402323 

Klerman, E. B., & Dijk, D.-J. (2005). Interindividual variation in sleep duration and its 

association with sleep debt in young adults. Sleep, 28(10), 1253–1259. 

https://doi.org/10.1093/sleep/28.10.1253 

Kloss, J. D., Nash, C. O., Walsh, C. M., Culnan, E., Horsey, S., & Sexton-Radek, K. (2016). A 

“Sleep 101” program for college students improves sleep hygiene knowledge and reduces 

maladaptive beliefs about sleep. Behavioral Medicine, 42(1), 48–56. 

https://doi.org/10.1080/08964289.2014.969186 

Könen, T., Dirk, J., Leonhardt, A., & Schmiedek, F. (2016). The interplay between sleep 

behavior and affect in elementary school children’s daily life. Journal of Experimental Child 

Psychology, 150, 1–15. https://doi.org/10.1016/j.jecp.2016.04.003 



 

 

 126 

Konjarski, M., Murray, G., Lee, V. V., & Jackson, M. L. (2018). Reciprocal relationships between 

daily sleep and mood: A systematic review of naturalistic prospective studies. Sleep 

Medicine Reviews, 42, 47–58. https://doi.org/10.1016/j.smrv.2018.05.005 

Koo, D. L., Yang, K. I., Kim, J. H., Kim, D., Sunwoo, J.-S., Hwangbo, Y., Lee, H. R., & Hong, 

S. B. (2021). Association between morningness-eveningness, sleep duration, weekend 

catch-up sleep and depression among Korean high-school students. Journal of Sleep 

Research, 30(1), e13063. https://doi.org/10.1111/jsr.13063 

Krystal, A. A., & Edinger, J. D. (2008). Measuring sleep quality. Sleep Medicine, 9, S10–S17. 

https://doi.org/10.1016/S1389-9457(08)70011-X 

Lauricella, A. R., Cingel, D. P., Blackwell, C., Wartella, E., & Conway, A. (2014). The mobile 

generation: Youth and adolescent ownership and use of new media. Communication 

Research Reports, 31(4), 357–364. https://doi.org/10.1080/08824096.2014.963221 

Leahy, E., & Gradisar, M. (2012). Dismantling the bidirectional relationship between paediatric 

sleep and anxiety. Clinical Psychologist, 16(1), 44–56. https://doi.org/10.1111/j.1742-

9552.2012.00039.x 

LeBourgeois, M. K., Hale, L., Chang, A.-M., Akacem, L. D., Montgomery-Downs, H. E., & 

Buxton, O. M. (2017). Digital media and sleep in childhood and adolescence. Pediatrics, 

140(Supplement 2), S92–S96. https://doi.org/10.1542/peds.2016-1758J 

Ledford, H. (2018). Who exactly counts as an adolescent? Nature, 554(7693), 429–431. 

https://doi.org/10.1038/d41586-018-02169-w 

Lee, C. J., Nolan, D. M., Lockley, S. W., & Pattison, B. (2017). Law-based arguments and 

messages to advocate for later school start time policies in the United States. Sleep Health, 

3(6), 486–497. https://doi.org/10.1016/j.sleh.2017.09.003 

Lemola, S., Perkinson-Gloor, N., Brand, S., Dewald-Kaufmann, J. F., & Grob, A. (2014). 

Adolescents’ electronic media use at night, sleep disturbance, and depressive symptoms 

in the smartphone age. Journal of Youth and Adolescence, 44(2), 405–418. 

https://doi.org/10.1007/s10964-014-0176-x 

Lemola, S., Perkinson-Gloor, N., Brand, S., Dewald-Kaufmann, J. F., & Grob, A. (2015). 

Adolescents’ electronic media use at night, sleep disturbance, and depressive symptoms 



 

 

 127 

in the smartphone age. Journal of Youth and Adolescence, 44(2), 405–418. 

https://doi.org/10.1007/s10964-014-0176-x 

Levenson, J. C., Shensa, A., Sidani, J. E., Colditz, J. B., & Primack, B. A. (2016). The association 

between social media use and sleep disturbance among young adults. Preventive Medicine, 

85, 36–41. https://doi.org/10.1016/j.ypmed.2016.01.001 

Levenson, J. C., Shensa, A., Sidani, J. E., Colditz, J. B., & Primack, B. A. (2017). Social media use 

before bed and sleep disturbance among young adults in the United States: A nationally 

representative study. Sleep, 40(9), zsx113. https://doi.org/10.1093/sleep/zsx113 

Lewy, A. J. (2009). Circadian misalignment in mood disturbances. Current Psychiatry Reports, 11(6), 

459–465. https://doi.org/10.1007/s11920-009-0070-5 

Li, S., Jin, X., Wu, S., Jiang, F., Yan, C., & Shen, X. (2007). The impact of media use on sleep 

patterns and sleep disorders among school-aged children in China. Sleep, 30(3), 361–367. 

https://doi.org/10.1093/sleep/30.3.361 

Lin, L. yi, Sidani, J. E., Shensa, A., Radovic, A., Miller, E., Colditz, J. B., Hoffman, B. L., Giles, L. 

M., & Primack, B. A. (2016). Association between social media use and depression 

among U.S. young adults. Depression & Anxiety, 33(4), 323–331. 

https://doi.org/10.1002/da.22466 

Liu, X., Liu, Z.-Z., Wang, Z.-Y., Yang, Y., Liu, B.-P., & Jia, C.-X. (2019). Daytime sleepiness 

predicts future suicidal behavior: A longitudinal study of adolescents. Sleep, 42(zsy225). 

https://doi.org/10.1093/sleep/zsy225 

Liu, Y., Zhang, J., Li, S. X., Chan, N. Y., Yu, M. W. M., Lam, S. P., Chan, J. W. Y., Li, A. M., & 

Wing, Y. K. (2019). Excessive daytime sleepiness among children and adolescents: 

Prevalence, correlates, and pubertal effects. Sleep Medicine, 53, 1–8. 

https://doi.org/10.1016/j.sleep.2018.08.028 

Lockley, S. W., Brainard, G. C., & Czeisler, C. A. (2003). High sensitivity of the human circadian 

melatonin rhythm to resetting by short wavelength light. The Journal of Clinical 

Endocrinology & Metabolism, 88(9), 4502–4505. https://doi.org/10.1210/jc.2003-030570 

Loessl, B., Valerius, G., Kopasz, M., Hornyak, M., Riemann, D., & Voderholzer, U. (2008). Are 

adolescents chronically sleep-deprived? An investigation of sleep habits of adolescents in 



 

 

 128 

the Southwest of Germany. Child: Care, Health and Development, 34(5), 549–556. 

https://doi.org/10.1111/j.1365-2214.2008.00845.x 

Lufi, D., Tzischinsky, O., & Hadar, S. (2011). Delaying school starting time by one hour: Some 

effects on attention levels in adolescents. Journal of Clinal Sleep Medicine, 7(2), 137–143. 

https://doi.org/10.5664/jcsm.28100 

Luhmann, M., Hawkley, L. C., Eid, M., & Cacioppo, J. T. (2012). Time frames and the 

distinction between affective and cognitive well-being. Journal of Research in Personality, 

46(4), 431–441. https://doi.org/10.1016/j.jrp.2012.04.004 

Lund, H. G., Reider, B. D., Whiting, A. B., & Prichard, J. R. (2010). Sleep patterns and 

predictors of disturbed sleep in a large population of college students. Journal of Adolescent 

Health, 46(2), 124–132. https://doi.org/10.1016/j.jadohealth.2009.06.016 

Lup, K., Trub, L., & Rosenthal, L. (2015). Instagram #instasad?: Exploring associations among 

Instagram use, depressive symptoms, negative social comparison, and strangers followed. 

Cyberpsychology, Behavior, and Social Networking, 18(5), 247–252. 

https://doi.org/10.1089/cyber.2014.0560 

Malone, S. K., Zemel, B., Compher, C., Souders, M., Chittams, J., Thompson, A. L., Pack, A., & 

Lipman, T. H. (2016). Social jet lag, chronotype and body mass index in 14–17-year-old 

adolescents. Chronobiology International, 33(9), 1255–1266. 

https://doi.org/10.1080/07420528.2016.1196697 

Marengo, D., Montag, C., Sindermann, C., Elhai, J. D., & Settanni, M. (2021). Examining the 

links between active Facebook use, received likes, self-esteem and happiness: A study 

using objective social media data. Telematics and Informatics, 58, 101523. 

https://doi.org/10.1016/j.tele.2020.101523 

Marengo, D., Poletti, I., & Settanni, M. (2020). The interplay between neuroticism, extraversion, 

and social media addiction in young adult Facebook users: Testing the mediating role of 

online activity using objective data. Addictive Behaviors, 102, 106150. 

https://doi.org/10.1016/j.addbeh.2019.106150 

Marsh, Samantha, Ni Mhurchu, C., & Maddison, R. (2013). The non-advertising effects of 

screen-based sedentary activities on acute eating behaviours in children, adolescents, and 



 

 

 129 

young adults. A systematic review. Appetite, 71, 259–273. 

https://doi.org/10.1016/j.appet.2013.08.017 

Marsh, Sarah. (2020, June 3). Sharp rise in hospital admissions for children with sleep disorders. 

The Guardian. https://www.theguardian.com/society/2020/mar/06/sharp-rise-in-

hospital-admissions-for-children-with-sleep-disorders-in-england 

Marx, R., Tanner-Smith, E. E., Davison, C. M., Ufholz, L.-A., Freeman, J., Shankar, R., Newton, 

L., Brown, R. S., Parpia, A. S., Cozma, I., & Hendrikx, S. (2017). Later school start times 

for supporting the education, health, and well-being of high school students (review). 

Cochrane Database of Systematic Reviews, 7. 

https://doi.org/10.1002/14651858.CD009467.pub2 

Masciantonio, A., Bourguignon, D., Bouchat, P., Balty, M., & Rimé, B. (2021). Don’t put all 

social network sites in one basket: Facebook, Instagram, Twitter, TikTok, and their 

relations with well-being during the COVID-19 pandemic. PLOS ONE, 16(3), e0248384. 

https://doi.org/10.1371/journal.pone.0248384 

Mateo, M. J. C., Díaz-Morales, J. F., Barreno, C. E., Prieto, P. D., & Randler, C. (2012). 

Morningness-eveningness and sleep habits among adolescents: Age and gender 

differences. Psicothema, 24(3), 410–415. 

Matricciani, L. A., Blunden, S., Rigney, G., Williams, M. T., & Olds, T. S. (2013). Children’s sleep 

needs: Is there sufficient evidence to recommend optimal sleep for children? Sleep, 36(4), 

527–534. https://doi.org/10.5665/sleep.2538 

Matricciani, L. A., Olds, T. S., Blunden, S., Rigney, G., & Williams, M. T. (2012). Never enough 

sleep: A brief history of sleep recommendations for children. Pediatrics, 129(3), 548–556. 

https://doi.org/10.1542/peds.2011-2039 

Mauss, I. B., Troy, A. S., & LeBourgeois, M. K. (2013). Poorer sleep quality is associated with 

lower emotion-regulation ability in a laboratory paradigm. Cognition & Emotion, 27(3), 

567–576. https://doi.org/10.1080/02699931.2012.727783 

McKeever, P. M., & Clark, L. (2017). Delayed high school start times later than 8:30am and 

impact on graduation rates and attendance rates. Sleep Health, 3(2), 119–125. 

https://doi.org/10.1016/j.sleh.2017.01.002 



 

 

 130 

McKnight-Eily, L. R., Eaton, D. K., Lowry, R., Croft, J. B., Presley-Cantrell, L., & Perry, G. S. 

(2011). Relationships between hours of sleep and health-risk behaviors in US adolescent 

students. Preventive Medicine, 53(4–5), 271–273. 

https://doi.org/10.1016/j.ypmed.2011.06.020 

Meltzer, L. J., Wahlstrom, K. L., Plog, A. E., & Strand, M. J. (2021). Changing school start times: 

Impact on sleep in primary and secondary school students. Sleep, zsab048. 

https://doi.org/10.1093/sleep/zsab048 

Meltzer, L. J., Walsh, C. M., Traylor, J., & Westin, A. M. L. (2012). Direct comparison of two 

new actigraphs and polysomnography in children and adolescents. Sleep, 35(1), 159–166. 

https://doi.org/10.5665/sleep.1608 

Miller, M. A., Kruisbrink, M., Wallace, J., Ji, C., & Cappuccio, F. P. (2018). Sleep duration and 

incidence of obesity in infants, children, and adolescents: A systematic review and meta-

analysis of prospective studies. Sleep, 41(1–19). https://doi.org/10.1093/sleep/zsy018 

Millman, R. P. (2005). Excessive sleepiness in adolescents and young adults: Causes, 

consequences, and treatment strategies. Pediatrics, 115(6), 1774–1786. 

https://doi.org/10.1542/peds.2005-0772 

Minges, K. E., & Redeker, N. S. (2016). Delayed school start times and adolescent sleep: A 

systematic review of the experimental evidence. Sleep Medicine Review, 26, 86–95. 

https://doi.org/10.1016/j.smrv.2015.06.002 

Mojtabai, R., & Olfson, M. (2020). National trends in mental health care for US adolescents. 

JAMA Psychiatry, 77(7), 703–714. https://doi.org/10.1001/jamapsychiatry.2020.0279 

Mojtabai, R., Olfson, M., & Han, B. (2016). National trends in the prevalence and treatment of 

depression in adolescents and young adults. Pediatrics, 138(6), e20161878–e20161878. 

https://doi.org/10.1542/peds.2016-1878 

Moore, M., & Meltzer, L. J. (2008). The sleepy adolescent: Causes and consequences of 

sleepiness in teens. Paediatric Respiratory Reviews, 9(2), 114–121. 

https://doi.org/10.1016/j.prrv.2008.01.001 

Morgenthaler, T. I., Hashmi, S., Croft, J. B., Dort, L., Heald, J. L., & Mullington, J. (2016). High 

school start times and the impact on high school students: What we know, and what we 



 

 

 131 

hope to learn. Journal of Clinical Sleep Medicine, 12(12), 1681–1689. 

https://doi.org/10.5664/jcsm.6358 

Moseley, L., & Gradisar, M. (2009). Evaluation of a school-based intervention for adolescent 

sleep problems. Sleep, 32(3), 334–341. https://doi.org/10.1093/sleep/32.3.334 

Mulraney, M., Giallo, R., Lycett, K., Mensah, F., & Sciberras, E. (2016). The bidirectional 

relationship between sleep problems and internalizing and externalizing problems in 

children with ADHD: A prospective cohort study. Sleep Medicine, 17, 45–51. 

https://doi.org/10.1016/j.sleep.2015.09.019 

Murugesan, G., Karthigeyan, L., Selvagandhi, P., & Gopichandran, V. (2018). Sleep patterns, 

hygiene and daytime sleepiness among adolescent school-goers in three districts of Tamil 

Nadu: A descriptive study. The National Medical Journal of India, 31(4), 196. 

https://doi.org/10.4103/0970-258X.258216 

National Institute of Mental Health. (2019). Mental Illness. 

https://www.nimh.nih.gov/health/statistics/mental-illness.shtml 

National Sleep Foundation. (2014). Sleep in America poll: Sleep in the modern family. 

https://www.sleepfoundation.org/wp-content/uploads/2018/10/2014-NSF-Sleep-in-

America-poll-summary-of-findings-FINAL-Updated-3-26-14-.pdf 

Neal, J. W., & Neal, Z. P. (2013). Nested or networked? Future directions for ecological systems 

theory. Social Development, 22(4), 722–737. https://doi.org/10.1111/sode.12018 

Nielsen, L. S., Danielsen, K. V., & Sørensen, T. I. A. (2011). Short sleep duration as a possible 

cause of obesity: Critical analysis of the epidemiological evidence. Obesity Reviews, 12(2), 

78–92. https://doi.org/10.1111/j.1467-789X.2010.00724.x 

Odgers, C. L. (2018). Smartphones are bad for some adolescents, not all. Nature, 554(7693), 432–

434. https://doi.org/10.1038/d41586-018-02109-8 

Office of National Statistics. (2014). Measuring National Well-being—Exploring the Well-being of Young 

People in the UK, 2014. 

https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/measuring

nationalwellbeing/2014-10-08 



 

 

 132 

Ohayon, M. M., Wickwire, E. M., Hirshkowitz, M., Albert, S. M., Avidan, A., Daly, F. J., 

Dauvilliers, Y., Ferri, R., Fung, C., Gozal, D., Hazen, N., Krystal, A., Lichstein, K., 

Mallampalli, M., Plazzi, G., Rawding, R., Scheer, F. A., Somers, V., & Vitiello, M. V. 

(2017). National Sleep Foundation’s sleep quality recommendations: First report. Sleep 

Health, 3(1), 6–19. https://doi.org/10.1016/j.sleh.2016.11.006 

Okano, K., Kaczmarzyk, J. R., Dave, N., Gabrieli, J. D. E., & Grossman, J. C. (2019). Sleep 

quality, duration, and consistency are associated with better academic performance in 

college students. Npj Science of Learning, 4(1), 16. https://doi.org/10.1038/s41539-019-

0055-z 

Olds, T., Blunden, S., Petkov, J., & Forchino, F. (2010). The relationships between sex, age, 

geography and time in bed in adolescents: A meta-analysis of data from 23 countries. 

Sleep Medicine Reviews, 14(6), 371–378. https://doi.org/10.1016/j.smrv.2009.12.002 

Orben, A., & Przybylski, A. K. (2019). Screens, teens, and psychological well-being: Evidence 

from three time-use-diary studies. Psychological Science, 30(5), 682–696. 

https://doi.org/10.1177/0956797619830329 

Owens, J. A. (2014). Insufficient sleep in adolescents and young adults: An update on causes and 

consequences. Pediatrics, 134(3), e921–e932. https://doi.org/10.1542/peds.2014-1696 

Owens, J. A., Belon, K., & Moss, P. (2010). Impact of delaying school start time on adolescent 

sleep, mood, and behavior. Archives of Pediatrics & Adolescent Medicine, 164(7), 608–614. 

https://doi.org/10.1001/archpediatrics.2010.96 

Owens, J. A., Li, X., Hale, L., & Chang, A.-M. (2019). Sleep duration and social jetlag are 

independently associated with anxious symptoms in adolescents. Chronobiology 

International, 36(4), 461–469. https://doi.org/10.1080/07420528.2018.1509079 

Paavonen, E. J., Huurre, T., Tilli, M., Kiviruusu, O., & Partonen, T. (2016). Brief behavioral 

sleep intervention for adolescents: An effectiveness study. Behavioral Sleep Medicine, 14(4), 

351–366. https://doi.org/10.1080/15402002.2015.1007993 

Palmer, C. A., & Alfano, C. A. (2017). Sleep and emotion regulation: An organizing, integrative 

review. Sleep Medicine Reviews, 31, 6–16. https://doi.org/10.1016/j.smrv.2015.12.006 



 

 

 133 

Paruthi, S., Brooks, L. J., D’Ambrosio, C., Hall, W. A., Kotagal, S., Lloyd, R. M., Malow, B. A., 

Maski, K., Nichols, C., Quan, S. F., Rosen, C. L., Troester, M. M., & Wise, M. S. (2016). 

Recommended amount of sleep for pediatric populations: A consensus statement of the 

American Academy of Sleep Medicine. Journal of Clinical Sleep Medicine, 12(06), 785–786. 

https://doi.org/10.5664/jcsm.5866 

Pasch, K. (2010). Adolescent sleep, risk behaviors, and depressive symptoms: Are they linked? 

American Journal of Health Behavior, 34(2), 237–248. 

https://doi.org/10.5993/AJHB.34.2.11 

Patton, G. C., Olsson, C. A., Skirbekk, V., Saffery, R., Wlodek, M. E., Azzopardi, P. S., 

Stonawski, M., Rasmussen, B., Spry, E., Francis, K., Bhutta, Z. A., Kassebaum, N. J., 

Mokdad, A. H., Murray, C. J. L., Prentice, A. M., Reavley, N., Sheehan, P., Sweeny, K., 

Viner, R. M., & Sawyer, S. M. (2018). Adolescence and the next generation. Nature, 

554(7693), 458–466. https://doi.org/10.1038/nature25759 

Patton, G. C., Sawyer, S. M., Santelli, J. S., Ross, D. A., Afifi, R., Allen, N. B., Arora, M., 

Azzopardi, P., Baldwin, W., Bonell, C., Kakuma, R., Kennedy, E., Mahon, J., McGovern, 

T., Mokdad, A. H., Patel, V., Petroni, S., Reavley, N., Taiwo, K., … Viner, R. M. (2016). 

Our future: A Lancet commission on adolescent health and wellbeing. Lancet, 

387(10036), 2423–2478. https://doi.org/10.1016/S0140-6736(16)00579-1 

Perkinson-Gloor, N., Lemola, S., & Grob, A. (2013). Sleep duration, positive attitude toward life, 

and academic achievement: The role of daytime tiredness, behavioral persistence, and 

school start times. Journal of Adolescence, 36(2), 311–318. 

https://doi.org/10.1016/j.adolescence.2012.11.008 

Pew Research Center. (2018). Social Media Use in 2018 (pp. 1–7). 

http://www.pewinternet.org/2018/03/01/social-media-use-in-2018/ 

Pew Research Center. (2019). Internet & Technology: Mobile Fact Sheet. 

https://www.pewresearch.org/internet/fact-sheet/mobile/ 

Pilcher, J. J., & Ott, E. S. (1998). The relationships between sleep and measures of health and 

wellbeing in college students: A repeated measures approach. Behavioral Medicine, 23(4), 

170–178. https://doi.org/10.1080/08964289809596373 



 

 

 134 

Preckel, F., Lipnevich, A. A., Schneider, S., & Roberts, R. D. (2011). Chronotype, cognitive 

abilities, and academic achievement: A meta-analytic investigation. Learning and Individual 

Differences, 21(5), 483–492. https://doi.org/10.1016/j.lindif.2011.07.003 

Primack, B. A., Shensa, A., Escobar-Viera, C. G., Barrett, E. L., Sidani, J. E., Colditz, J. B., & 

James, A. E. (2017). Use of multiple social media platforms and symptoms of depression 

and anxiety: A nationally-representative study among U.S. young adults. Computers in 

Human Behavior, 69, 1–9. https://doi.org/10.1016/j.chb.2016.11.013 

Quante, M., Khandpur, N., Kontos, E. Z., Bakker, J. P., Owens, J. A., & Redline, S. (2019). A 

qualitative assessment of the acceptability of smartphone applications for improving 

sleep behaviors in low-income and minority adolescents. Behavioral Sleep Medicine, 17(5), 

573–585. https://doi.org/10.1080/15402002.2018.1432483 

Ralph, M., Foster, R., Davis, F., & Menaker, M. (1990). Transplanted suprachiasmatic nucleus 

determines circadian period. Science, 247(4945), 975–978. 

https://doi.org/10.1126/science.2305266 

Ramtekkar, U., & Ivanenko, A. (2015). Sleep in children with psychiatric disorders. Seminars in 

Pediatric Neurology, 22(2), 148–155. https://doi.org/10.1016/j.spen.2015.04.004 

Randler, C. (2011a). Association between morningness–eveningness and mental and physical 

health in adolescents. Psychology, Health & Medicine, 16(1), 29–38. 

https://doi.org/10.1080/13548506.2010.521564 

Randler, C. (2011b). Age and gender differences in morningness–eveningness during 

adolescence. The Journal of Genetic Psychology, 172(3), 302–308. 

https://doi.org/10.1080/00221325.2010.535225 

Randler, C., Vollmer, C., Beşoluk, Ş., Önder, İ., & Horzum, M. B. (2014). Age and gender 

differences in morningness–eveningness in Turkish adolescents and young adults. 

Biological Rhythm Research, 45(2), 277–284. 

https://doi.org/10.1080/09291016.2013.805915 

Revonsuo, A., Kallio, S., & Sikka, P. (2009). What is an altered state of consciousness? 

Philosophical Psychology, 22(2), 187–204. https://doi.org/10.1080/09515080902802850 



 

 

 135 

Rigney, G., Blunden, S., Maher, C., Dollman, J., Parvazian, S., Matricciani, L., & Olds, T. (2015). 

Can a school-based sleep education programme improve sleep knowledge, hygiene and 

behaviours using a randomised controlled trial. Sleep Medicine, 16(6), 736–745. 

https://doi.org/10.1016/j.sleep.2015.02.534 

Rigney, G., Watson, A., Gazmararian, J., & Blunden, S. (in press). Update on school-based sleep 

education programs: How far have we come and what has Australia contributed to the 

field? Sleep Medicine. https://doi.org/10.1016/j.sleep.2021.01.061 

Ritchie, H., & Roser, M. (2018). Mental Health. Our World in Data. 

https://ourworldindata.org/mental-health 

Roenneberg, T., Daan, S., & Merrow, M. (2003). The art of entrainment. Journal of Biological 

Rhythms, 18(3), 183–194. https://doi.org/10.1177/0748730403018003001 

Roenneberg, T., Kuehnle, T., Pramstaller, P. P., Ricken, J., Havel, M., Guth, A., & Merrow, M. 

(2004). A marker for the end of adolescence. Current Biology, 14(24), R1038–R1039. 

https://doi.org/10.1016/j.cub.2004.11.039 

Roenneberg, T., Kumar, C. J., & Merrow, M. (2007). The human circadian clock entrains to sun 

time. Current Biology, 17(2), R44–R45. 

Roenneberg, T., Wirz-Justice, A., & Merrow, M. (2003). Life between clocks: Daily temporal 

patterns of human chronotypes. Journal of Biological Rhythms, 18(1), 80–90. 

https://doi.org/10.1177/0748730402239679 

Rose, G. (1981). Strategy of prevention: Lessons from cardiovascular disease. British Medical 

Journal (Clinical Research Ed.), 282(6279), 1847–1851. 

https://doi.org/10.1136/bmj.282.6279.1847 

Rossa, K. R., Smith, S. S., Allan, A. C., & Sullivan, K. A. (2014). The effects of sleep restriction 

on executive inhibitory control and affect in young adults. Journal of Adolescent Health, 

55(2), 287–292. https://doi.org/10.1016/j.jadohealth.2013.12.034 

Royal College of Paediatrics and Child Health. (2019). The health impacts of screen time: A guide for 

clinicians and parents (p. 11). https://www.rcpch.ac.uk/sites/default/files/2018-

12/rcpch_screen_time_guide_-_final.pdf 



 

 

 136 

Royal Society for Public Health. (2016). Waking up to the health benefits of sleep. 

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality and Social Psychology, 39(6), 

1161–1178. https://doi.org/10.1037/h0077714 

Sadeh, A., Dahl, R. E., Shahar, G., & Rosenblat-Stein, S. (2009). Sleep and the transition to 

adolescence: A longitudinal study. Sleep, 32(12), 1602–1609. 

https://doi.org/10.1093/sleep/32.12.1602 

Sagioglou, C., & Greitemeyer, T. (2014). Facebook’s emotional consequences: Why Facebook 

causes a decrease in mood and why people still use it. Computers in Human Behavior, 35, 

359–363. https://doi.org/10.1016/j.chb.2014.03.003 

Sawyer, S. M., Afifi, R. A., Bearinger, L. H., Blakemore, S.-J., Dick, B., Ezeh, A. C., & Patton, G. 

C. (2012). Adolescence: A foundation for future health. The Lancet, 379(9826), 1630–

1640. https://doi.org/10.1016/S0140-6736(12)60072-5 

Sawyer, S. M., Azzopardi, P. S., Wickremarathne, D., & Patton, G. C. (2018). The age of 

adolescence. The Lancet Child & Adolescent Health, 2(3), 223–228. 

https://doi.org/10.1016/S2352-4642(18)30022-1 

Sawyer, S. M., & Patton, G. C. (2018). Why are so many more adolescents presenting to our 

emergency departments with mental health problems? Medical Journal of Australia, 208(8), 

339–340. https://doi.org/10.5694/mja18.00213 

Schlarb, A. A., Liddle, C. C., & Hautzinger, M. (2010). JuSt—A multimodal program for 

treatment of insomnia in adolescents: A pilot study. Nature and Science of Sleep, 3, 13–20. 

https://doi.org/10.2147/NSS.S14493 

Schønning, V., Hjetland, G. J., Aarø, L. E., & Skogen, J. C. (2020). Social media use and mental 

health and well-being among adolescents – A scoping review. Frontiers in Psychology, 11. 

https://doi.org/10.3389/fpsyg.2020.01949 

Scott, H., Biello, S. M., & Woods, H. C. (2019). Social media use and adolescent sleep patterns: 

Cross-sectional findings from the UK millennium cohort study. BMJ Open, 9, e031161. 

https://doi.org/10.1136/bmjopen-2019-031161 



 

 

 137 

Seifert, S. M., Schaechter, J. L., Hershorin, E. R., & Lipshultz, S. E. (2011). Health effects of 

energy drinks on children, adolescents, and young adults. Pediatrics, 127(3), 511–528. 

https://doi.org/10.1542/peds.2009-3592 

Shen, L., van Schie, J., Ditchburn, G., Brook, L., & Bei, B. (2018). Positive and negative 

emotions: Differential associations with sleep duration and quality in adolescents. Journal 

of Youth and Adolescence, 47, 2584–2595. https://doi.org/10.1007/s10964-018-0899-1 

Short, M. A., Bartel, K., & Carskadon, M. A. (2019). Chapter 32—Sleep and mental health in 

children and adolescents. In M. A. Grandner (Ed.), Sleep and Health (pp. 435–445). 

Academic Press. https://doi.org/10.1016/B978-0-12-815373-4.00032-0 

Short, M. A., Booth, S. A., Omar, O., Ostlundh, L., & Arora, T. (2020). The relationship 

between sleep duration and mood in adolescents: A systematic review and meta-analysis. 

Sleep Medicine Reviews, 52, 101311. https://doi.org/10.1016/j.smrv.2020.101311 

Short, M. A., & Chee, M. W. L. (2019). Adolescent sleep restriction effects on cognition and 

mood. In Progress in Brain Research (Vol. 246, pp. 55–71). Elsevier. 

https://doi.org/10.1016/bs.pbr.2019.02.008 

Short, M. A., Gradisar, M., Lack, L. C., Wright, H., & Carskadon, M. A. (2012). The discrepancy 

between actigraphic and sleep diary measures of sleep in adolescents. Sleep Medicine, 13(4), 

378–384. https://doi.org/10.1016/j.sleep.2011.11.005 

Short, M. A., Gradisar, M., Lack, L. C., & Wright, H. R. (2013). The impact of sleep on 

adolescent depressed mood, alertness and academic performance. Journal of Adolescence, 

36(6), 1025–1033. https://doi.org/10.1016/j.adolescence.2013.08.007 

Short, M. A., Gradisar, M., Lack, L. C., Wright, H. R., Dewald, J. F., Wolfson, A. R., & 

Carskadon, M. A. (2013). A cross-cultural comparison of sleep duration between U.S. 

and Australian adolescents: The effect of school start time, parent-set bedtimes, and 

extracurricular load. Health Education & Behavior, 40(3), 323–330. 

https://doi.org/10.1177/1090198112451266 

Short, M. A., Gradisar, M., Wright, H., Lack, L. C., Dohnt, H., & Carskadon, M. A. (2011). Time 

for bed: Parent-set bedtimes associated with improved sleep and daytime functioning in 

adolescents. Sleep, 34(6), 797–800. https://doi.org/10.5665/SLEEP.1052 



 

 

 138 

Short, M. A., Weber, N., Reynolds, C., Coussens, S., & Carskadon, M. A. (2018). Estimating 

adolescent sleep need using dose-response modeling. Sleep, 41(4), zsy011. 

https://doi.org/10.1093/sleep/zsy011 

Siegel, J. M. (2005). Clues to the functions of mammalian sleep. Nature, 437(7063), 1264–1271. 

https://doi.org/10.1038/nature04285 

Siegel, J. M. (2011). REM sleep: A biological and psychological paradox. Sleep Medicine Reviews, 

15(3), 139–142. https://doi.org/10.1016/j.smrv.2011.01.001 

Singh, G. K., & Kenney, M. K. (2013). Rising prevalence and neighborhood, social, and 

behavioral determinants of sleep problems in US children and adolescents, 2003–2012. 

Sleep Disorders, 2013, 1–15. https://doi.org/10.1155/2013/394320 

Skeldon, A. C., Derks, G., & Dijk, D.-J. (2016). Modelling changes in sleep timing and duration 

across the lifespan: Changes in circadian rhythmicity or sleep homeostasis? Sleep Medicine 

Reviews, 28, 96–107. https://doi.org/10.1016/j.smrv.2015.05.011 

Sluggett, L., Wagner, S. L., & Harris, R. L. (2019). Sleep duration and obesity in children and 

adolescents. Canadian Journal of Diabetes, 43(2), 146–152. 

https://doi.org/10.1016/j.jcjd.2018.06.006 

Smarr, B. L., & Schirmer, A. E. (2018). 3.4 million real-world learning management system logins 

reveal the majority of students experience social jet lag correlated with decreased 

performance. Scientific Reports, 8(1), 4793. https://doi.org/10.1038/s41598-018-23044-8 

Sohn, S., Rees, P., Wildridge, B., Kalk, N. J., & Carter, B. (2019). Prevalence of problematic 

smartphone usage and associated mental health outcomes amongst children and young 

people: A systematic review, meta-analysis and GRADE of the evidence. BMC Psychiatry, 

19(1), 356. https://doi.org/10.1186/s12888-019-2350-x 

Srinivasan, V., Singh, J., Pandi-Perumal, S. R., Brown, G. M., Spence, D. W., & Cardinali, D. P. 

(2010). Jet lag, circadian rhythm sleep disturbances, and depression: The role of 

melatonin and its analogs. Advances in Therapy, 27(11), 796–813. 

https://doi.org/10.1007/s12325-010-0065-y 

Statista. (2020). Smartphone users worldwide 2016-2021. 

https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/ 



 

 

 139 

Steptoe, A., Peacey, V., & Wardle, J. (2006). Sleep duration and health in young adults. Archives of 

Internal Medicine, 166(16), 1689–1692. 

Stickgold, R. (2005). Sleep-dependent memory consolidation. Nature, 437(7063), 1272–1278. 

https://doi.org/10.1038/nature04286 

Stiglic, N., & Viner, R. M. (2019). Effects of screentime on the health and well-being of children 

and adolescents: A systematic review of reviews. BMJ Open, 9(1), e023191. 

https://doi.org/10.1136/bmjopen-2018-023191 

Swiss Federal Office of Statistics. (2011). http://www.bfs.admin.ch/bfs/portal/en/index.html 

Talbot, L. S., McGlinchey, E. L., Kaplan, K. A., Dahl, R. E., & Harvey, A. G. (2010). Sleep 

deprivation in adolescents and adults: Changes in affect. Emotion, 10(6), 831–841. 

https://doi.org/10.1037/a0020138 

Tan, E., Healey, D., Gray, A. R., & Galland, B. C. (2012). Sleep hygiene intervention for youth 

aged 10 to 18 years with problematic sleep: A before-after pilot study. BMC Pediatrics, 

12(1), 1–9. http://www.biomedcentral.com/1471-2431/12/189 

Tandon, A., Kaur, P., Dhir, A., & Mäntymäki, M. (2020). Sleepless due to social media? 

Investigating problematic sleep due to social media and social media sleep hygiene. 

Computers in Human Behavior, 113, 106487. https://doi.org/10.1016/j.chb.2020.106487 

Tarokh, L., Carskadon, M. A., & Achermann, P. (2012). Dissipation of sleep pressure is stable 

across adolescence. Neuroscience, 216, 167–177. 

https://doi.org/10.1016/j.neuroscience.2012.04.055 

Tarokh, L., Saletin, J. M., & Carskadon, M. A. (2016). Sleep in adolescence: Physiology, cognition 

and mental health. Neuroscience & Biobehavioral Reviews, 70, 182–188. 

https://doi.org/10.1016/j.neubiorev.2016.08.008 

Tavernier, R., & Willoughby, T. (2014). Sleep problems: Predictor or outcome of media use 

among emerging adults at university? Journal of Sleep Research, 23(4), 389–396. 

https://doi.org/10.1111/jsr.12132 



 

 

 140 

Taylor, D. J., Jenni, O. G., Acebo, C., & Carskadon, M. A. (2005). Sleep tendency during 

extended wakefulness: Insights into adolescent sleep regulation and behavior. Journal of 

Sleep Research, 14(3), 239–244. https://doi.org/10.1111/j.1365-2869.2005.00467.x 

Telzer, E. H., Fuligni, A. J., Lieberman, M. D., & Galván, A. (2013). The effects of poor quality 

sleep on brain function and risk taking in adolescence. NeuroImage, 71, 275–283. 

https://doi.org/10.1016/j.neuroimage.2013.01.025 

Thorarinsdottir, E. H., Bjornsdottir, E., Benediktsdottir, B., Janson, C., Gislason, T., Aspelund, 

T., Kuna, S. T., Pack, A. I., & Arnardottir, E. S. (2019). Definition of excessive daytime 

sleepiness in the general population: Feeling sleepy relates better to sleep-related 

symptoms and quality of life than the Epworth Sleepiness Scale score. Results from an 

epidemiological study. Journal of Sleep Research, 28(6), e12852. 

https://doi.org/10.1111/jsr.12852 

Thorisdottir, I. E., Sigurvinsdottir, R., Asgeirsdottir, B. B., Allegrante, J. P., & Sigfusdottir, I. D. 

(2019). Active and passive social media use and symptoms of anxiety and depressed 

mood among Icelandic adolescents. Cyberpsychology, Behavior, and Social Networking, 22(8), 

535–542. https://doi.org/10.1089/cyber.2019.0079 

Tonetti, L., Natale, V., & Randler, C. (2015). Association between circadian preference and 

academic achievement: A systematic review and meta-analysis. Chronobiology International, 

32(6), 792–801. https://doi.org/10.3109/07420528.2015.1049271 

Tremaine, R. B., Dorrian, J., & Blunden, S. (2010). Subjective and objective sleep in children and 

adolescents: Measurement, age, and gender differences. Sleep and Biological Rhythms, 8(4), 

229–238. https://doi.org/10.1111/j.1479-8425.2010.00452.x 

Tremblay, M. S., Carson, V., Chaput, J.-P., Connor Gorber, S., Dinh, T., Duggan, M., Faulkner, 

G., Gray, C. E., Gruber, R., Janson, K., Janssen, I., Katzmarzyk, P. T., Kho, M. E., 

Latimer-Cheung, A. E., LeBlanc, C., Okely, A. D., Olds, T., Pate, R. R., Phillips, A., … 

Zehr, L. (2016). Canadian 24-hour movement guidelines for children and youth: An 

integration of physical activity, sedentary behaviour, and sleep. Applied Physiology, 

Nutrition, and Metabolism, 41(6 (Suppl. 3)), S311–S327. https://doi.org/10.1139/apnm-

2016-0151 



 

 

 141 

Tudge, J. R. H., Mokrova, I., Hatfield, B. E., & Karnik, R. B. (2009). Uses and misuses of 

Bronfenbrenner’s bioecological theory of human development. Journal of Family Theory & 

Review, 1(4), 198–210. https://doi.org/10.1111/j.1756-2589.2009.00026.x 

Tudge, J. R. H., Payir, A., Merçon‐Vargas, E., Cao, H., Liang, Y., Li, J., & O’Brien, L. (2016). Still 

misused after all these years? A reevaluation of the uses of Bronfenbrenner’s 

bioecological theory of human development. Journal of Family Theory & Review, 8(4), 427–

445. https://doi.org/10.1111/jftr.12165 

Twenge, J. M., Krizan, Z., & Hisler, G. (2017). Decreases in self-reported sleep duration among 

U.S. adolescents 2009–2015 and association with new media screen time. Sleep Medicine, 

39, 47–53. https://doi.org/10.1016/j.sleep.2017.08.013 

Valkenburg, P. M., Peter, J., & Schouten, A. P. (2006). Friend networking sites and their 

relationship to adolescents’ well-being and social self-esteem. CyberPsychology & Behavior, 

9(5), 584–590. https://doi.org/10.1089/cpb.2006.9.584 

Van den Bulck, J. (2004). Television viewing, computer game playing, and internet use and self-

reported time to bed and time out of bed in secondary-school children. Sleep, 27(1), 101–

104. https://doi.org/10.1093/sleep/27.1.101 

van den Eijnden, R. J. J. M., Lemmens, J. S., & Valkenburg, P. M. (2016). The Social Media 

Disorder scale. Computers in Human Behavior, 61, 478–487. 

https://doi.org/10.1016/j.chb.2016.03.038 

van der Lely, S., Frey, S., Garbazza, C., Wirz-Justice, A., Jenni, O. G., Steiner, R., Wolf, S., 

Cajochen, C., Bromundt, V., & Schmidt, C. (2015). Blue blocker glasses as a 

countermeasure for alerting effects of evening light-emitting diode screen exposure in 

male teenagers. Journal of Adolescent Health, 56(1), 113–119. 

https://doi.org/10.1016/j.jadohealth.2014.08.002 

Van Dongen, H. P., Maislin, G., Mullington, J. M., & Dinges, D. F. (2003). The cumulative cost 

of additional wakefulness: Dose-response effects on neurobehavioral functions and sleep 

physiology from chronic sleep restriction and total sleep deprivation. Sleep, 26(2), 117–

129. https://doi.org/10.1093/sleep/26.2.117 



 

 

 142 

Vargas, I., Friedman, N. P., & Drake, C. L. (2015). Vulnerability to stress-related sleep 

disturbance and insomnia: Investigating the link with comorbid depressive symptoms. 

Translational Issues in Psychological Science, 1(1), 57–66. https://doi.org/10.1037/tps0000015 

Verduyn, P., Lee, D. S., Park, J., Shablack, H., Orvell, A., Bayer, J., Ybarra, O., Jonides, J., & 

Kross, E. (2015). Passive Facebook usage undermines affective well-being: Experimental 

and longitudinal evidence. Journal of Experimental Psychology: General, 144(2), 480–488. 

https://doi.org/10.1037/xge0000057 

Vyazovskiy, V. V., & Delogu, A. (2014). NREM and REM Sleep: Complementary roles in 

recovery after wakefulness. The Neuroscientist, 20(3), 203–219. 

https://doi.org/10.1177/1073858413518152 

Wahlstrom, K. L. (1999). The prickly politics of school starting times. Phi Delta Kappan, 80, 345–

347. 

Wahlstrom, K. L. (2002). Changing times: Findings from the first longitudinal study of later high 

school start times. NASSP Bulletin, 86(633), 3–21. 

https://doi.org/10.1177/019263650208663302 

Wahlstrom, K. L., Berger, A. T., & Widome, R. (2017). Relationships between school start time, 

sleep duration, and adolescent behaviors. Sleep Health, 3(3), 216–221. 

https://doi.org/10.1016/j.sleh.2017.03.002 

Waller, G., Willemse, I., Genner, S., Suter, L., & Süss, D. (2016). JAMES - Jugend, aktivaitaten, 

medien—Erhebung Schweiz (p. 80). Zürcher Hochschule für Angewandte Wissenschaften. 

Wang, V., & Edwards, S. (2016). Strangers are friends I haven’t met yet: A positive approach to 

young people’s use of social media. Journal of Youth Studies, 19(9), 1204–1219. 

https://doi.org/10.1080/13676261.2016.1154933 

Wang, Y., Niiya, M., Mark, G., Reich, S. M., & Warschauer, M. (2015). Coming of age (digitally): 

An ecological view of social media use among college students. Proceedings of the 18th 

ACM Conference on Computer Supported Cooperative Work & Social Computing - CSCW ’15, 

571–582. https://doi.org/10.1145/2675133.2675271 



 

 

 143 

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief measures 

of positive and negative affect: The PANAS scales. Journal of Personality and Social 

Psychology, 54(6), 1063–1070. https://doi.org/10.1037//0022-3514.54.6.1063 

Watson, N. F., Martin, J. L., Wise, M. S., Carden, K. A., Kirsch, D. B., Kristo, D. A., Malhotra, 

R. K., Olson, E. J., Ramar, K., Rosen, I. M., Rowley, J. A., Weaver, T. E., & Chervin, R. 

D. (2017). Delaying middle school and high school start times promotes student health 

and performance: An American Academy of Sleep Medicine position statement. Journal of 

Clinical Sleep Medicine, 13(04), 623–625. https://doi.org/10.5664/jcsm.6558 

Waylen, A., & Wolke, D. (2004). Sex ‘n’ drugs ‘n’ rock ‘n’ roll: The meaning and social 

consequences of pubertal timing. European Journal of Endocrinology, 151(Suppl_3), U151–

U159. https://doi.org/10.1530/eje.0.151u151 

Weinstein, E. (2018). The social media see-saw: Positive and negative influences on adolescents’ 

affective well-being. New Media & Society, 20(10), 3597–3623. 

https://doi.org/10.1177/1461444818755634 

Weiss, M., Wasdell, M., Bomben, M., Rea, K., & Freeman, R. (2006). Sleep hygiene and 

melatonin treatment for children and adolescents with ADHD and initial insomnia. 

Journal of the American Academy of Child & Adolescent Psychiatry, 45(5), 512–519. 

https://doi.org/10.1097/01.chi.0000205706.78818.ef 

Werner-Seidler, A., Wong, Q., Johnston, L., O’Dea, B., Torok, M., & Christensen, H. (2019). 

Pilot evaluation of the Sleep Ninja: A smartphone application for adolescent insomnia 

symptoms. BMJ Open, 9(5), e026502. https://doi.org/10.1136/bmjopen-2018-026502 

Willemse, I., Waller, G., Süss, D., Genner, S., & Huber, A.-L. (2012). JAMES – Jugend, 

Aktivitäten, Medien – Erhebung Schweiz. Zürich: Zürcher Hochschule für Angewandte 

Wissenschaften. Züricher Hochschule für Angewandte Wissenschaften. 

Winnebeck, E. C., Vuori-Brodowski, M. T., Biller, A. M., Molenda, C., Fischer, D., Zerbini, G., 

& Roenneberg, T. (2020). Later school start times in a flexible system improve teenage 

sleep. Sleep, 43(zsz307). https://doi.org/10.1093/sleep/zsz307 

Wirz-Justice, A. (2008). Diurnal variation of depressive symptoms. Dialogues in Clinical 

Neuroscience, 10(3), 337–343. 



 

 

 144 

Wittmann, M., Dinich, J., Merrow, M., & Roenneberg, T. (2006). Social jetlag: Misalignment of 

biological and social time. Chronobiology International, 23(1–2), 497–509. 

https://doi.org/10.1080/07420520500545979 

Wolfson, A. R., Harkins, E., Johnson, M., & Marco, C. (2015). Effects of the Young Adolescent 

Sleep Smart Program on sleep hygiene practices, sleep health efficacy, and behavioral 

well-being. Sleep Health, 1(3), 197–204. https://doi.org/10.1016/j.sleh.2015.07.002 

Wolfson, A. R., Spaulding, N. L., Dandrow, C., & Baroni, E. M. (2007). Middle school start 

times: The importance of a good night’s sleep for young adolescents. Behavioral Sleep 

Medicine, 5(3), 194–209. https://doi.org/10.1080/15402000701263809 

Wolke, D. (1994). Feeding and sleeping across the lifespan. In M. Rutter & D. Hay (Eds.), 

Development through life: A handbook for clinicians (pp. 517–557). Blackwell Scientific 

Publications. 

Woods, H. C., & Scott, H. (2016). #Sleepyteens: Social media use in adolescence is associated 

with poor sleep quality, anxiety, depression and low self-esteem. Journal of Adolescence, 51, 

41–49. https://doi.org/10.1016/j.adolescence.2016.05.008 

World Health Organization. (2001). The second decade: Improving adolescent health and development. 

http://apps.who.int/iris/bitstream/handle/10665/64320/WHO_FRH_ADH_98.18_Re

v.1.pdf;jsessionid=4B7C7533A2E07AAE9B71C65D7EA73735?sequence=1 

World Health Organization. (2004). Promoting mental health: Concepts, emerging evidence, practice: A 

summary report. 

https://public.ebookcentral.proquest.com/choice/publicfullrecord.aspx?p=4978588 

World Health Organization. (2013). Mental Health Action Plan 2013—2020 (p. 50). World Health 

Organization. https://www.who.int/publications/i/item/9789241506021 

World Health Organization. (2020). Adolescent mental health. https://www.who.int/news-

room/fact-sheets/detail/adolescent-mental-health 

Wrzus, C., Wagner, G. G., & Riediger, M. (2014). Feeling good when sleeping in? Day-to-day 

associations between sleep duration and affective well-being differ from youth to old age. 

Emotion, 14(3), 624–628. https://doi.org/10.1037/a0035349 



 

 

 145 

Wu, Y., Gong, Q., Zou, Z., Li, H., & Zhang, X. (2017). Short sleep duration and obesity among 

children: A systematic review and meta-analysis of prospective studies. Obesity Research & 

Clinical Practice, 11(2), 140–150. https://doi.org/10.1016/j.orcp.2016.05.005 

Xia, M., Li, X., & Tudge, J. R. H. (2020). Operationalizing Urie Bronfenbrenner’s Process-

Person-Context-Time Model. Human Development, 64(1), 10–20. 

https://doi.org/10.1159/000507958 

Yetton, B. D., McDevitt, E. A., Cellini, N., Shelton, C., & Mednick, S. C. (2018). Quantifying 

sleep architecture dynamics and individual differences using big data and Bayesian 

networks. PLOS ONE, 13(4), e0194604. https://doi.org/10.1371/journal.pone.0194604 

Yoon, C., May, C. P., & Hasher, L. (1998). Aging, circadian arousal patterns, and cognition. In 

N. Schwarz, D. C. Park, B. Knäuper, & S. Sudman (Eds.), Cognition, Aging and Self-Reports 

(pp. 113–136). Psychology Press. https://doi.org/10.4324/9780203345115_chapter_6 

Yoon, S., Kleinman, M., Mertz, J., & Brannick, M. (2019). Is social network site usage related to 

depression? A meta-analysis of T Facebook–depression relations. Journal of Affective 

Disorders, 248, 65–72. https://doi.org/10.1016/j.jad.2019.01.026 

Zeitzer, J. M., Dijk, D.-J., Kronauer, R. E., Brown, E. N., & Czeisler, C. A. (2000). Sensitivity of 

the human circadian pacemaker to nocturnal light: Melatonin phase resetting and 

suppression. The Journal of Physiology, 526(3), 695–702. https://doi.org/10.1111/j.1469-

7793.2000.00695.x 

Zelazo, P. D., & Carlson, S. M. (2012). Hot and cool executive function in childhood and 

adolescence: Development and plasticity. Child Development Perspectives, 6(4), 354–360. 

https://doi.org/10.1111/j.1750-8606.2012.00246.x 

Zhai, L., Zhang, H., & Zhang, D. (2015). Sleep duration and depression among adult: A meta-

analysis of prospective studies. Depression and Anxiety, 32(9), 664–670. 

https://doi.org/10.1002/da.22386 

Zhang, J., Paksarian, D., Lamers, F., Hickie, I. B., He, J., & Merikangas, K. R. (2017). Sleep 

patterns and mental health correlates in US adolescents. The Journal of Pediatrics, 182, 137–

143. https://doi.org/10.1016/j.jpeds.2016.11.007 



 

 

 146 

Zitting, K.-M., Münch, M. Y., Cain, S. W., Wang, W., Wong, A., Ronda, J. M., Aeschbach, D., 

Czeisler, C. A., & Duffy, J. F. (2018). Young adults are more vulnerable to chronic sleep 

deficiency and recurrent circadian disruption than older adults. Scientific Reports, 8. 

https://doi.org/10.1038/s41598-018-29358-x 

 

 

 

 



 

 

 147 

Appendix A 
 

Results of the Exploratory Factor Analysis for the Experience Sampling Study 

Exploratory factor analysis used to examine the underlying structure of the positive affect and 

negative affect items in the experience sampling study. 

To assess momentary affective wellbeing, participants were repeatedly asked to indicate the 

extent to which they felt happy, enthusiastic, content, relaxed, attentive, sad, upset, worried, 

annoyed and bored in the moment that they received the prompt. The positive items measured 

positive affect, and the negative items measured negative affect. Across all participants (N = 

101), and across all measurements (14 days x 5 prompts), the total number of observations 

recorded for positive affect was 3703 and for negative affect it was 3706.  An exploratory factor 

analysis was conducted to examine whether the underlying structure of the positive affect and 

negative affect items were consistent with two separate factors of positive affect and negative 

affect.  

Principal Axis Factoring with varimax rotation was conducted. According to the Kaiser Criterion 

and based on inspection of the scree plot, two factors were extracted, that explained 54.98% of 

the variance. All positive items had a primary loading on the first factor (i.e. positive affect): 

Happy = 0.75, Content = 0.72, Enthusiastic = 0.70, Attentive = 0.55, and Relaxed = 0.54. 

Similarly, all negative items had a primary loading on the second factor (i.e. negative affect): 

Upset = 0.84, Worried = 0.72, Annoyed = 0.54, Sad = 0.51, and Bored = 0.21. Cross loadings of 

the positive items on the negative affect factor were: Happy = -.35, Relaxed = -.28, Content = -

.28, Enthusiastic = -.17 and Attentive = -.03; whereas cross-loadings of the negative items on the 

positive affect factor were: Sad = -.36, Annoyed = -.26, Worried = -.23, Upset = -.20, and Bored 

= -.02. Due to the non-significant loading of the item ‘bored’ on the negative affect factor, it was 

excluded from analysis. Thus, negative affect was computed using scores from four negative 

items, and positive affect was computed using scores from all five positive items 
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Appendix B 
 

Changes to preregistered analysis plan for the Experience Sampling Study 

We made three changes to the analysis plan that is detailed on Open Science Framework.  

Originally, the analysis plan involved using the outcome variable ‘depressed mood’, that was 

constructed using five items from the experience sampling data, namely Upset, Sad, Worried, 

Happy (reverse) and Content (reverse). We were interested in exploring the associations of 

bedtime social media use on sleep, and sleep on depressed mood the following day. Based on 

peer-reviewer comments and suggestions, the outcome variable was changed to two separate 

variables assessing positive affect and negative affect. In doing so, we utilised experience 

sampling data for all nine affective states, i.e., positive affect included enthusiastic, happy, 

content, relaxed and attentive, and negative affect included sad, worried, upset, and annoyed.  

The second change involved transforming the data to facilitate interpretation of effect sizes. All 

dependent and independent variables were transformed to their z-standardised scores before 

entering them into the statistical models. 

Instead of using data of 102 participants as described OSF, we utilised the data of 101 

participants, due to one participant’s age being more than 10 standard deviations above the mean 

age. Results remained the same across both sample size.  
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