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Abstract 
 

Getting enough sleep can be challenging for adolescents and influences daytime sleepiness 

and academic performance as was found by various studies. While causes and implications of 

sleep deprivation in adolescents have been extensively researched in previous research, not 

much literature is found on how to improve sleep behavior in teens. By making use of focus 

groups, the current study qualitatively explored current sleep behaviors and ways to improve 

them in adolescents, with a special focus on a mobile coaching application. Moreover, sleep 

behavior and subjective sleepiness were quantitatively explored with a general survey and an 

Experience Sampling Method.  

A surprising finding of this study was that adolescents do not feel like they have sleep 

difficulties although they experience a social jetlag, a weekly sleep loss, and daytime 

sleepiness during school hours. Teens indicated that they would use a mobile coaching 

application if they were to experience sleep difficulties although they indicated challenges to 

keep them motivated to use the app and to not further increase mobile phone use.  

This study concludes that a mobile coaching application would be a good way to educate 

teens on their current sleep behavior as well as factors positively and negatively influencing 

sleep. Future research should investigate the effect of the mobile application use on sleep 

behavior and academic performance.   
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1. Introduction 
 

Being an adolescent can be quite busy, keeping track of what your friends are doing on social 

media, watching the latest shows on Netflix, hanging out with your friends, having multiple 

nights occupied with sports or other hobbies, and not to forget, school in the morning. Getting 

a healthy amount of sleep might therefore be challenging. Different studies found that 

teenagers obtain much less sleep than school-age children (Carskadon, 1990b; Carskadon, 

Harvey, Duke, Anders, & Dement, 1980; Carskadon, Orav, & Dement, 1983). Where 10 to 14 

year-olds usually show an average difference of 30 to 60 minutes  in total sleep time on 

weekends versus school nights, this difference is more than two hours for 18 year-olds 

(Strauch & Meier, 1988). Wolfson and Carskadon (1998) interpreted this difference as 

indicating that teenagers do not get enough sleep on school nights and therefore extend sleep 

on weekend nights to decrease their sleep dept. Different studies explain this difference in 

sleep duration on school versus free nights by, for example, stating that this sleep debt seems 

to appear as a result of insufficient school-night sleep which is a result from a combination of 

early school start times, afternoon or evening jobs and activities, social or academic pressure, 

and a physiological sleep requirement that does not decrease with puberty (Carskadon, 1990a; 

Manber et al., 1995; Wolfson et al., 1995). 

  Strauch and Meier (1988) found in their longitudinal study that 54% of Swiss high 

school students noted that they had a wish for more sleep while Price, Coates, Thoresen, and 

Grinstead (1978) found in their survey that 60% of American eleventh and twelfth graders (16 

to 18 year-olds) enjoyed to stay up late. Out of the 639 participants that filled in the Stanford 

Sleep Inventory in the study by Price et al. (1978), 49.8% stated to have no sleep problems, 

37.6% reported occasional sleep disturbance, and 12.6% stated to have severe and chronic 

sleep disturbance. Other studies even found that some adolescents are chronically sleep 

deprived (Ming et al., 2011; Polos et al., 2015) 

As was previously mentioned, getting enough sleep as an adolescent might be 

challenging. Several key aspects which affect sleep timing and sleep duration or contribute to 

an increased feeling of sleepiness during the day are reviewed in the sections below. This 

study explores ways to help adolescents adapt to a healthy sleep-wake cycle with a special 

focus on the potential of a mobile coaching application.  
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2. Theoretic framework 
 

2.1 Adolescents and sleep 
Sleep changes in adolescence has been a research topic for decades. As was mentioned 

before, compared to school-age children, adolescents get significantly less hours of sleep. 

Where school-age children sleep 10 hours on average, high school students get less than 7.5-8 

hours of sleep each night when they reach the age of 16 (Carskadon, 1990b; Carskadon et al., 

1980, 1983). Carskadon (1990b) found however that adolescents do not have a decreased 

need for sleep, in fact, this research states that older adolescents may have a physiological 

need for more sleep as compared to preadolescents.  

 Different studies have found that adolescents do not get enough sleep (Hansen, 

Janssen, Schiff, Zee, & Dubocovich, 2005; Owens, 2014; Talbot, McGlinchey, Kaplan, Dahl, 

& Harvey, 2010). A recent news article stated that in 2015, 73 % of high school students did 

not get enough sleep, as compared to 69 % in 2009 (Wheaton, Jones, Cooper, & Croft, 2018).  

Getting an shorter-than-optimal sleep time or having a complete lack of sleep during a certain 

period of time can lead to sleep deprivation (Orzeł-Gryglewska, 2010). Several factors are 

associated with sleep deprivation, for example longer reaction times, distractedness, 

disturbances in attention and concentration, forgetting known facts, making mistakes and 

omissions, and decreased work effectiveness (Bonnet & Arand, 2003). Specifically for 

children and adolescents, it was found that insufficient sleep is related to an increased risk for 

obesity, diabetes, injuries, poor mental health, behavior and attention problems, and poor 

academic performance (Fitzgerald, Messias, & Buysse, 2011; Lowry et al., 2012; Owens, 

2014; Paruthi et al., 2016). 

 Multiple studies have showed that these results are found worldwide (Gradisar, 

Gardner, & Dohnt, 2011; Manni et al., 1997; Price et al., 1978; Strauch & Meier, 1988). The 

meta-analysis by Gradisar, Gardner, & Dohnt (2011) researched 41 surveys published 

between 1999 and 2010 and found a delay in sleep patterns associated with increasing age 

which restricts school-night sleep duration. Another finding was that around the globe, 

adolescents delay their bedtime with more than 2 hours on weekends as compared to school 

nights (Gradisar et al., 2011). They also increase their total sleep time in weekends which 

Gradisar, et al. (2011) called developmental delay. This delay is not only reflected in bedtime, 

but specifically in sleep times, where bedtime is the time you go to bed but sleep time the time 

you actually go to sleep. 
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 The field of chronobiology has tried to explain these observations by looking at 

adolescents’ chronotype. A person’s chronotype determines his or hers preference in sleep 

and wake timing (Roenneberg, Wirz-Justice, & Merrow, 2003). It has been found that many 

adolescents can be considered ‘night owls’, or late chronotypes (Carskadon, 1999; 

Roenneberg et al., 2003). This means that adolescents start to feel sleepy relatively late in the 

evening and would preferably wake up late in the morning. This is of course in contrast with 

their social clock, as that clock tells them to wake up early in the morning to go to school. 

Roenneberg et al. (2003) found that adolescents delayed their sleep on average by almost 

three hours on weekdays compared to free days. This compared to young adults (21 to 30 

years) which delayed their sleep by approximately two hours, and adults (>30 year) by one 

hour. Because of this misalignment between their biological clock which tells them to go to 

bed late at night and the social clock which tells them to wake up early to go to school, 

adolescents accumulate a sleep dept for which they try to compensate by sleeping longer in 

the weekends (Wolfson & Carskadon, 1998). This phenomena is also called a ‘social jetlag’ 

as the effects caused by the misalignment between clocks resemble the effects found when 

people undergo a jetlag due to traveling through different time zones (Wittmann, Dinich, 

Merrow, & Roenneberg, 2009). 

 

2.1.1  Factors influencing sleep in adolescents 

Several factors were found to influence the amount of sleep adolescents get, amongst others 

the most well know factors such as watching TV before going to bed (Gaina et al., 2005; 

Ortega et al., 2010), playing video games before going to bed (Cain & Gradisar, 2010; 

Weaver, Gradisar, Dohnt, Lovato, & Douglas, 2010), and substance use such as caffeine 

before going to bed (Calamaro, Mason, & Ratcliffe, 2005). These factors all negatively 

influence adolescent bedtime, sleep onset latency (SOL e.g. the time it takes to fall asleep) or 

sleep duration, however it should be noted that these studies all have different magnitudes of 

effect sizes for the different factors. Other factors such as time peer influence (Mednick, 

Christakis, & Fowler, 2010) and cultural influences (Short, Gradisar, Lack, Wright, et al., 

2013) were also found to negatively affect adolescents’ sleep worldwide. And still there are a 

lot of other factors negatively influencing sleep in adolescents, either already discovered or 

under investigation. 

A factor which positively affects the amount of sleep adolescents get is the presence of 

a parent-restricted bed-time (Bartel, Gradisar, & Williamson, 2015; Short, Gradisar, Lack, 
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Wright, et al., 2013). Short et al. (2013) found that the absence of a parent-restricted bed-time 

was associated with a decrease of 24 minutes in school-night sleep-time. Harbard, Allen, 

Trinder, & Bei (2016) found that ‘time spend with family’ was associated with an earlier 

bedtime on school-nights and speculate that this is associated with higher parental control.  

Another concept which is positively correlated with sleep duration and negatively 

correlated with sleep latency is sleep hygiene (Billows et al., 2009). Sleep hygiene refers to 

conditions, practices, and routines that promote effective and continuous sleep (Stores, 2001). 

Practices can include maintaining regular bedtimes and wake times, limiting noise and light 

levels in the bedroom after sleep onset, maintaining comfortable room and body temperature, 

maintaining a healthy diet and exercise regime, and avoiding substance use such as caffeine, 

alcohol, and nicotine prior to bed (Morin & Espie, 2004). The study by Billows et al. (2009) 

describes sleep hygiene to be a mediating factor between family disorganization and sleep 

problems. Family disorganization (characterized by disorganized and unstructured family 

environments without support for family members; (Felker & Stivers, 1994)) was found to 

have an decreasing effect on sleep hygiene. The decrease in sleep hygiene then had an 

increasing effect on sleep onset latency and daytime sleepiness, and a decreasing effect on 

total sleep time. 

Delaying school start times was also found to be related to an increase in sleep 

duration and a decrease in feelings of sleepiness amongst high school students (Wolfson, 

Spaulding, Dandrow, & Baroni, 2007). Later school start time increases the sleep duration of 

high school students as compared to early school start time, while high school students did not 

further delay their bedtimes. Although later bedtimes could increase sleep duration and reduce 

feelings of sleepiness, the implementation of later school times is difficult due to practical 

reasons such as after-school activities and transportation (Wolfson & Carskadon, 2005). 

 

2.1.2  Mobile phones and sleep in adolescents 

One factor which influences sleep in adolescents needs some extra consideration, namely 

mobile phones. More and more teens own a cell phone as was found by Lenhart, Ling, 

Campbell, & Purcell (2010), while 45 % of 12 to 17 year-olds in the United States owned a 

phone in 2004, already 75 % owned one in 2010. The extensive study by Polos et al. (2015) 

investigated smart phone use amongst teens in the United States. Their participants (mean age 

13.3 years) reported that they use their phone regularly after bedtimes (62 %), texted, tweeted, 

or messaged while in bed (56.7 %), or even awoke to texts (20.8 %). 
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 A few studies have tried to explore the relationship between mobile phone use and 

sleep, for example two studies which revealed that amongst Asian adolescents, the total 

duration of daily mobile phone use is related to decreased sleep duration, delayed wake-up 

time, as well as daytime sleepiness and late chronotype (Harada, Morikuni, Yoshii, 

Yamashita, & Takeuchi, 2002; Mak et al., 2014). Other studies have shown a deleterious 

effect on both sleep duration and sleep quality, mood, and daytime alertness associated with 

in-bed texting after lights-out (Grover et al., 2015; Lemola, Perkinson-Gloor, Brand, Dewald-

Kaufmann, & Grob, 2015; Munezawa et al., 2011; Van den Bulck, 2003).   

 As Polos et al. (2015) explain, it is not hard to understand that awakenings due to 

incoming text messages after bedtime have a negative effect on sleep quality, but they also 

describe another explanation as they also found non-text related awakenings. They explain 

that habitually engaging in texting in bed and awaking from such texts, primes adolescents for 

a state of psychological and physiological hyperarousal due to excessive emotional and 

mental stimulation around and after bedtime. The study by Wuyts et al. (2012) describes the 

association between cognitive hyperarousal in the pre-sleep period (e.g. before going to bed) 

and insomnia. Mobile phone use right before bedtime could therefore have a detrimental 

effect on both sleep duration as well as sleep quality and could lead to sleep deprivation 

(Polos et al., 2015).  

  

But there is another way which can explain why mobile phone usage can influence 

adolescents’ sleeping behavior, namely through the light-emitting screens. Because of the use 

of smart phones, tablets, laptops, and televisions, people are much more exposed to bright and 

especially blue-enhanced (short wavelength) light during the evening and night today as 

compared to before the computer age (Navara & Nelson, 2007). Light exposure at night has 

been thoroughly studied in controlled settings, it has been found for example that even dim 

light exposure (approximately 100 lux at eye level) at night suppresses the sleep hormone 

melatonin as well as delays the phase of the human circadian pacemaker when applied during 

the early night (Zeitzer, Dijk, Kronauer, Brown, & Czeisler, 2000). Ambient light exposure of 

1000 lux at eye level significantly enhances levels of alertness and cognitive performance 

during simulated night-shifts (Campbell & Dawson, 1990). Even ambient room light (90 to 

180 lux) can already have a significant positive impact on subjective alertness as well as its 

electrophysiologic concomitants (e.g. increased EEG activity in the theta-alpha frequencies, 

5-9 Hz) during the early biological night (Cajochen, Zeitzer, Czeisler, & Dijk, 2000). It was 

found that especially blue-enriched light (460 nm) at night as compared to 555 nm light, has a 
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decreasing effect on subjective sleepiness ratings, decreased auditory reaction time, caused 

fewer attentional failures, and had a decreasing effect on EEG power density levels in the 

high-alpha range (9.5-10.5 Hz) (Lockley et al., 2006). These effects are related to a decrease 

in sleepiness which is certainly not desirable at night (Grover et al., 2015; Munezawa et al., 

2011). 

 

2.1.3  Sleep deprivation and academic performance in adolescents 

Different studies have tried to relate sleep with academic performance. For example Short, 

Gradisar, Lack, & Wright (2013) found that sleep quality is related to academic performance 

and state that adolescents who have poor sleep quality, or late chronotypes, or both, got 

significantly lower grades. This is mediated through daytime alertness and depressed mood as 

is seen in figure 1. Inadequate sleep was found to be related to poor school attendance 

(Hysing, Haugland, Stormark, Bøe, & Sivertsen, 2015) and increased daytime sleepiness 

(Gradisar et al., 2011) while night awakenings and prolonged sleep onset were also associated 

with poor school performance (Ming et al., 2011). Ming et al. also found that adolescents with 

a sleep length of less than 7 hours on both weekdays as well as weekends, exhibited poorer 

performance while those who used the weekends to make up for this sleep loss did not. 

Sleepiness was also found to be affecting adolescents’ grades as was found in a Canadian 

study, 23 % high school students felt that sleepiness caused a decrease in their grades (Gibson 

et al., 2006). The meta-analyses by Dewald, Meijer, Oort, Kerkhof, and Bögels (2010) found 

that sleepiness, sleep quality, and sleep duration had a decreasing effect on academic 

performance. Sleepiness had the strongest relation to school performance, followed by sleep 

quality, and sleep duration.  

 As Short et al. (2013) explain (see figure 1), it was found that chronotype has an effect 

on grades which is mediated through sleep quality and daytime alertness. That is, having a 

later chronotype has a negative effect on sleep quality and causes a decrease in daytime 

alertness. Diminished sleep quality has in turn a negative effect on daytime alertness, 

decreases the amount of sleep on weekdays, and causes an increase in depressed mood. The 

increase in depressed mood was found to be related to a decrease in grades (Short, Gradisar, 

Lack, & Wright, 2013). 

 Roenneberg et al. (2003) found an increase in sleep inertia which is related to an 

increase in chronotype. Sleep inertia is a concept which explains the time it takes for 

individuals to feel fully wake. Roenneberg et al. found that for workdays, the later your 
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chronotype the longer the sleep inertia. Ferrara & De Gennaro (2000) associated this increase 

in sleep inertia with a decrease in vigilance as well as in performance. This increase in sleep 

inertia associated with chronotype is highly undesirable in teens who have to perform well in 

school. 

  

 

Figure 1. Model representing the standardized coefficients of the effect of Sleep on Grades through Daytime 

Alertness and Depressed Mood. p < 0.001 unless otherwise indicated (Short, Gradisar, Lack, & Wright, 2013) 

 

2.2 Methods for improving sleeping behavior in adolescents 
Literature has made clear that getting enough sleep is very important for adolescents while it 

has also become clear that getting enough sleep can be challenging due to various factors. 

Nevertheless, literature on how to improve sleeping behavior in teens is sparse. There is some 

literature found on improving sleeping problems in teens with specific ‘problems’, such as 

substance abuse or anxiety problems. For example Britton et al. (2010) found that adolescents 

with substance use disorders can benefit from mindfulness meditation as it can be a useful 

component to promote improved sleep. In addition, Bootzin & Stevens (2005) state that a 

multi-session group treatment can improve sleep disturbances in adolescents who had 

previously received treatment for substance. This multi-session group treatment with 2 to 6 

adolescents involved stimulus control instructions, using bright light to change sleep-wake 

rhythms (timing of light, spectrum, and intension not mentioned), education on sleep hygiene, 

cognitive therapy, and Mindfulness-Based Stress Reduction (MBSR) which had a positive 
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effect on sleep and could lead to a reduction in substance abuse as well. The study by Bei et 

al. (2013) found that a mindfulness-based, multi-component group sleep intervention in 

adolescent girls with anxiety symptoms showed significant improvement on objective sleep 

onset latency, sleep efficiency, and total sleep time. 

 Literature on effective methods to improve sleeping behaviors in adolescents which do 

experience sleeping problems but do not experience any co-occurring ‘problems’ such as 

substance abuse or anxiety problems seems to be very sparse. Moseley and Gradisar (2009) 

tried to improve sleep problems in adolescents with a school-based intervention which 

consisted of four 50-minute classes to educate adolescents on promoting and maintaining a 

healthy lifestyle based on cognitive-behavior therapy. This intervention had a significant 

effect on reducing the discrepancy between school and weekend out of bed times for 

adolescents with a delayed sleep timing as compared to a control group. However, no other 

significant effects were found for other sleep parameters such as sleep onset latency, total 

sleep time, or go to bed time. 

  Since there is so much literature on the causes, prevalence, and consequences of 

sleeping problems in healthy adolescents, but hardly any literature on how to overcome these, 

there seems to be a high need for interventions to improve sleep hygiene in adolescents. 

Interventions could be school-based like the intervention by Mosley and Gradisar (2009) but 

also outside of the school environment with for example a mobile coaching application. 

 

2.2.1 Changing adolescents’ behavior 

Even though there is hardly any literature on how to improve sleeping behavior in 

adolescents, there is much more literature on how other behaviors can be changed in 

adolescents in order to adapt a healthy lifestyle. Long and Stevens (2004) for example 

researched how technology could be used to promote self-efficacy for healthy eating in 

adolescents. Self-efficacy is one of the most important determinants of whether a behavioral 

change takes place according to social cognitive theory (Bandura, 2004). The intervention by 

Long and Stevens (2004) consisted of a 1- hour web-based instruction as well as 10 hours of 

classroom curriculum consisting of different modules which provided their participants with 

knowledge, skills, and attitudes to enable them to adopt healthy eating behaviors. The 

intervention was found to significantly improve self-efficacy for eating more fruits and 

vegetables while it decreased the self-efficacy for eating fat. The intervention group had more 

dietary knowledge as well as a healthier usual food choice as compared to the control group. 
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Although there was no significant difference found between the two groups in food 

consumption, increased self-efficacy was found to be significantly related to lower fat 

consumption in the adolescents’ eating behavior. 

 The literature review by Lau, Lau, Wong, and Ransdel (2011) provides evidence 

supporting the positive effects of communication technology based interventions (such as 

mobile phones or the internet) on physical activity in children and adolescents. Lau et al. 

reviewed nine articles published after 2002 and found that communication technology based 

interventions were especially effective when used with other delivery approaches such as 

face-to-face methods. Nevertheless, the authors note that the findings of this review should be 

interpreted with caution because of the small number of studies as well as a lack of clear 

methodological quality of one-third of the reviewed studies. 

 Another  literature review by Militello, Kelly, and Melnyk (2012), reviewed 8 articles 

researching the use of text messaging to deliver healthy lifestyle behavior intervention 

programs published from 2004 to 2011. These healthy lifestyle behavior intervention 

programs included; increasing physical activity, decreasing screen time, and decreasing 

sweetened beverage intake. This review concluded that mobile phones are able to bridge gaps 

in health disparities and a good way to reach people across demographics. However, they 

suggest that more rigorous, theory-based intervention research is needed for adolescent 

populations. This suggests, while more research is needed, that mobile phones might be a 

good medium to help adolescents to adopt healthy sleeping behaviors. They also state that 

there is a gap in literature on long term effects. 

 The study by Peng (2009) validates the use of a computer game to promote a healthy 

diet for young adults. This computer game was based on theories such as social cognitive 

theory, the health belief model, and theory of reasoned action and was found to be effective in 

teaching nutrition and weight management knowledge as well as increasing young adults’ 

self-efficacy and perceived benefits of healthy eating. The study also found long term effects, 

as participants in the game-group had a higher self-efficacy in healthy eating than participants 

in the control group after one month. 

 Although not specifically for adolescents, the review by Webb, Joseph, Yardley, and 

Michie (2010) also provides some interesting insights on the use of internet-based 

interventions to promote health behavior changes. Webb et al. reviewed 85 studies which all 

1) delivered the primary components of the intervention via the internet, 2) randomly assigned 

participants to conditions, and 3) measured health related behavior after the intervention. On 

average, most interventions had a significant effect but a small effect size. It was found that 
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interventions based on a particular theory, especially interventions based on the theory of 

planned behavior, tended to have more substantial effects on behavior. Interventions 

incorporating more behavior change techniques tended to have large effects as compared to 

interventions incorporating fewer techniques, and effectiveness of interventions was enhanced 

by using additional methods of communicating with participants (e.g. text messages).  

 Literature shows that there might be different effective ways to change adolescents’ 

behavior towards a healthier lifestyle by means of technology. This suggests that interventions 

such as text messages, video games, or other internet-based interventions could be an 

effective way to promote healthy sleeping behaviors in adolescents. Even though literature 

shows it can be an effective way to change adolescents’ behavior, there is limited literature on 

adolescents’ subjective experience with these kinds of interventions as well as long term 

effects on behavior.  

 

2.3  Light and sleep 
Another way to help adolescents adapt to a healthy sleep behavior pattern is by making use of 

interventions that focus on changing daytime and/or nighttime light exposure patterns. While 

light exposure late at night has a decreasing effect on sleepiness which is undesirable in 

adolescents, light could also be a method to improve sleep timing and quality.  

 Light has been found to be a helpful tool in shifting one’s biological clock. The 

Suprachiasmatic Nucleus, the pacemaker that drives circadian rhythms (biological cycles that 

roughly follow a period of one day), is entrained by light (Klein, Moore, & Reppert, 1991). 

The effects of light on circadian rhythms depends on the time a light stimulus is administered; 

while light exposure in the late evening evokes a phase delay in circadian rhythms, light 

exposure in the early morning evokes a phase advance (Johnson, Foster, Honma, & Kronauer, 

2004). Also daylight has positive effects on sleep phase, Roenneberg et al. (2003) found that 

each additional hour spent outside, responded to a sleep advance of almost 30 minutes.  

 Administering light - and darkness - at the right times of the day might therefore be 

beneficial for teens in order to adapt to a healthy sleep wake cycle. By shifting their sleep 

phase and their biological clock more towards the social clock which tells them to wake up 

early to go to school, potentially their sleep debt might decrease as well as the magnitude of 

their social jetlag. Ideally, this would decrease sleep deprivation and with that the negative 

consequences on daytime alertness and vitality in the short term and general health and 

academic performance in de long term. 



11 
 

 But there are more ways in which light could be beneficial for adolescents. Teens are 

generally exposed to relatively low light exposure levels during the day (Öztürk, Moreno, & 

Lowden, 2016). This is probably caused by the fact that teens are in school most of the day 

and have limited access to daylight. Different studies have found that daytime bright light has 

positive effects on daytime vitality, alertness, mood, and performance in healthy day-active 

people which were sleep and or/light deprived (Phipps-Nelson, Redman, Dijk, & Rajaratnam, 

2003)  but also when participants’ light and sleep history were not experimentally 

manipulated (Huiberts, Smolders, & de Kort, 2016; Smolders & de Kort, 2014; Smolders, de 

Kort, & Cluitmans, 2012). It should be noted however that varying effect sizes were found as 

well as negative effects on cognitive performance (Huiberts, Smolders, & de Kort, 2015; 

Smolders & de Kort, 2014), and that these results were found in a student population. These 

positive effects on alertness and vitality could eventually lead to an increase in academic 

performance although further research is needed to establish this relation. 

 The literature shows that light exposure during the day can have positive effects on 

both acute effects during the day such as vitality and alertness, but also on sleep phase. It 

therefore seems reasonable to explore current light exposure patterns as well as awareness of 

light exposure influencing sleepiness, alertness, and sleep amongst adolescents. 

 

2.4 Research questions 

As the previous literature overview shows, there is quite a lot of literature to be found on 

sleep in adolescents, what factors influence sleep as well as the consequences of sleep 

deprivation on wellbeing and academic performance. It has also become clear that not much is 

already known on how to improve sleeping behavior in adolescents, although there is some 

literature on improving other behaviors in teens which indicates the possibility to change 

adolescents’ sleeping behavior towards a healthier sleep-wake cycle. Moreover, literature on 

the effects of light shows that increasing light exposure in the morning and decreasing light 

exposure in the evening can help in adjusting the internal clock towards a more socially 

acceptable (e.g. confirm school times) sleep and wake times. There are also indications of 

positive, acute vitalizing effects of increasing light exposure during the day, although more 

research in this domain is needed. 

 The current study focused on exploring ways to improve sleeping behavior in 

adolescents to make them feel more vital and less sleepy during the day. This study consisted 

of two parts, a qualitative and a quantitative part. The qualitative study explored existing 
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sleeping patterns and quality in teens as well as the awareness of, or lack of, factors which 

could positively or negatively influence sleeping behavior. Moreover, this study explored 

different methods to improve sleeping behavior which are currently used by adolescents as 

well as willingness to change their sleeping behavior. The first research questions therefore 

were: 

 

To what extent are adolescents aware of behaviors which could positively or negatively affect 

both sleep duration as well as sleep quality? 

To what extent are adolescents already undertaking actions to improve their sleep behavior 

and/or are they interested in adapting behavioral changes to improve their sleep behavior? 

 

The current study was part of a project funded by the  Stichting Onderzoek Licht en 

Gezondheid (SOLG) Research Grant of 2016 which aims to develop an interactive, mobile 

coaching application in order to improve adolescents’ sleeping behavior by steering a healthy 

light regime. The current study therefore had a focus on exploring the potential of a mobile 

coaching application to help adolescents get enough sleep. The next research question 

therefore was:  

 

What do adolescents think of a mobile coaching application which helps them in adapting a 

healthy light exposure regime in order to improve their sleep-wake pattern, sleep quality, and 

daytime sleepiness? 

 

The quantitative part of this study involved monitoring adolescents’ sleep behavior, sleepiness 

levels during school- and free days, and light exposure levels. Afterwards, these results were 

evaluated to see how these patterns can be included in de application to help adolescents adapt 

to a healthy sleep-wake cycle. The research questions of this quantitative study therefore 

were: 

 

How – and to what extent – so sleep-wake cycles, light exposure patterns, and subjective 

feelings of sleepiness vary over days and across adolescents? 

How can these patterns be implemented in a personalized coaching application to help 

adolescents adapting to a healthy sleep regime? 
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As both parts of the current study are explorative in nature, no hypotheses were formulated. 

Even though the SOLG project involves developing a coaching application to improve light 

hygiene, this study explored all options to improve sleeping behaviors in adolescents. 

Moreover, adolescents were monitored during the quantitative part of this study while they 

follow their normal daily routing without interception of a manipulation variable. 

 The current study will first describe the method, results, and discussion of the 

qualitative study and will then continue with the method, results, and discussion of the 

quantitative study. Afterwards, a general discussion and conclusion will be formulated. 
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3. Method section qualitative study 

3.1 Study setup 

In order to answer the qualitative research questions, three focus groups were conducted. The 

focus groups consisted of different questions regarding experienced sleep difficulties and 

sleep quality on school days and on free days, factors positively and negatively influencing 

sleep, and methods to improve sleep behavior. Moreover, questions were asked on the 

participants’ opinion of using a mobile coaching application to improve sleep behavior. 

Participants in each focus group were asked the same questions although depending on the 

answers, different follow-up questions could be asked in each focus group. 

 Since three separate focus groups were held at the same time, three focus group 

leaders were instructed to follow the focus group protocol as seen in Appendix A. This 

protocol consisted of a general introduction of the procedure, the questions which needed to 

be asked, and some guidance to keep the participants engaged in the focus group. 

Before the start of the experiment, participants were asked to sign a consent form as 

well as their parent and/or guardians and bring it to the focus group. Participants arrived on 

their required time in class and were divided into three groups. Each group of participants was 

taken to a separate location by the focus group leaders. 

After a short welcome and introduction, the recording started. Firstly, some questions 

were asked regarding participants’ current sleep behavior, related to both sleep duration and 

sleep quality, and differences in sleep behavior on weekdays as compared to free days. 

Moreover, questions were asked on awareness of factors influencing sleep and questions 

related to willingness to change their sleeping behavior.  

After these general questions, the idea of developing a coaching application was 

introduced. Questions were then asked on their opinion about this application and what this 

application should look like (e.g. content and design of the application). Participants were 

asked to describe their preferences as well as sketch their ideas into a piece of paper. 

Moreover, participants were asked to think about mobile applications they use often (for 

example Instagram or Snapchat), and to describe the factors that made these applications 

interesting to use. 

Each focus group lasted for 45 minutes and all questions were asked and answered in 

Dutch. Afterwards, participants were asked to fill in a general questionnaire and received a 

€7,50 participation fee. 
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3.2 Participants 

23 adolescents participated in the focus groups (15 female) with a mean age of 16.8 years (SD 

= 0.51) and had an average chronotype of 4.88 (SD = 1.01). All participants were students 

from high school d’Oultremontcollege, OMO Scholengroep De Langstraat in Drunen, the 

Netherlands. Participants were sampled after receiving in-class instructions about the 

procedure of the focus groups and were given the opportunity to ask questions regarding the 

procedure. 

All participants were 5
th

 year Pre-University Education students (in Dutch: Voortgezet 

Wetenschappelijk Onderwijs). Participants were required to have written approval from 

parents and/or guardians. 

 

3.3 Setting and materials 

The focus groups were held on three separate locations within high school 

d’Oultremontcollege. All three locations were classrooms with standard classroom furniture. 

In each classroom, tables and chairs were rearranged to form one big circle. The focus groups 

consisted of one focus group leader and 8 participants. 

During the focus groups, a voice recorder application for mobile phone was used to 

record the verbal discussions. Moreover, pen and paper was used to record observations 

during the focus groups.  

The focus group leaders made use of the protocol as seen in appendix A which 

consisted of a general introduction, questions and guidelines to keep de participants engaged 

in the focus group.  

 

3.4 Measurements 

Verbal discussions during the focus groups were recorded and observations were made 

regarding the interaction between participants. Focus group leaders made use of unstructured 

observations and noted everything down they felt was contributing to the study. Moreover, 

sketches participants made on their vision of the design of the mobile application were 

collected. 

Participants also filled in a paper questionnaire after the focus group. This 

questionnaire consisted of the Munich Chronotype Questionnaire (MCTQ), the Pittsburgh 

Sleep Quality Index (PSQI), and an assessment of pre-bedtime behaviors.  
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 The MCTQ was chosen to calculate each participant’s chronotype (Roenneberg et al., 

2003). This assessment is based on sleep times as indicated by participants instead of sleep 

and wake preferences like the Morning-Eveningness Questionnaire (Horne & Ostberg, 1976). 

 The PSQI was chosen to calculate each participant’s self assessed sleep quality and 

sleep disturbances over a one-month time interval (Buysse, Reynolds III, Monk, Berman, & 

Kupfer, 1989). This index consists of seven component scores; subjective sleep quality, sleep 

latency (time it takes to fall asleep), sleep duration, habitual sleep efficiency (how much time 

you sleep out of the time you are in bed), sleep disturbances, use of sleeping medication, and 

daytime dysfunction. 

 Based on the article by Harbard, Allen, Trinder, and Bei (2016), participants were 

asked to assess their pre-bedtime behaviors. These behaviors ranged from non-technology 

related behaviors such as reading a book or spending time with family, to technology related 

behaviors such as gaming, streaming music or films, and online social networking.  

Participants rated the frequency they engaged in these behaviors on average over one week, 

ranging from ‘never’ to ‘almost every night’.  

 The general surveys filled in by the participants of the qualitative study were not 

analyzed due to the high amount of administrative work. The results of the survey filled in by 

the participants of the quantitative study will be discussed in section 7.1. 

 

3.5 Analyses 

The recorded verbal data was transcribed and thematic analysis was used to identify, analyze, 

and report patterns (e.g. themes) within data (Braun & Clarke, 2006). Braun and Clarke 

describe that themes or patterns can be identified with either an inductive or a theoretical 

approach. The current study made use of the inductive, or bottom-up, approach, meaning that 

the data was coded without trying to fit a pre-existing coding frame. It should be noted 

however that a researcher can never be free of theoretical and epistemological commitments 

(Braun & Clarke, 2006).  

Moreover, the themes were identified at a semantic level instead of on a latent level. 

This means that the data was firstly organized to show patterns in semantic context and 

afterwards interpreted to attempt to theorize the significance of the patterns as well as broader 

meanings and implications, instead of looking beyond of what a participant has said (e.g. 

latent level) (Braun & Clarke, 2006). 
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In order to identify, analyze, and report themes, the six phases identified by Braun and 

Clarke (2006) were followed. These steps were as follows: 1) familiarizing yourself with the 

data (e.g. transcribing and re-reading), 2) Generating initial codes, 3) Searching for themes, 4) 

Reviewing themes, 5) Defining and naming themes, and 6) Producing the report. After these 

phases, two thematic maps were created, one for the general questions on sleep and one for 

the questions on the use of a mobile application. Quotes were used to describe how the themes 

occurred in the data. 
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4. Results Focus groups 
 

These results describe the findings from the three focus groups. Quotes from different focus 

groups are identified with F1 for focus group 1, F2 for focus group 2, and F3 for focus group 

3. Two thematic maps were created, one for the general sleep questions and one for the use of 

a mobile application to improve sleeping behavior. The following text explains the themes by 

making use of quotes. 

4.1 General sleep questions 
Figure 2 shows the thematic map which is based on the questions on general sleep behavior 

and sleep quality. The main theme in this section is called Sleep experience. Participants 

described their experience as being decent although some of them admitted that their sleep 

length could be improved. Only one participant mentioned to have sleep difficulties due to 

medical reasons, all other participants indicated that they did not feel they had sleep 

difficulties. Some participants mentioned that their sleep duration was a bit short or that they 

could feel a bit sleepy during the day, but none of them felt the need to get help or assistance 

in achieving a better sleep-wake pattern. Quotes in this theme are: ‘Maybe a bit too short, I 

think 7 or 8 hours. But other than that, fine really. Not that I’m awake all night’ (F1), ‘No, I 

don’t need any help, I sleep around 8 hours each night and if I’m tired, well, that’s just how I 

am’ (F1), ‘I don’t have that much sleep problems, I sleep fine’ (F2), ‘I wouldn’t take pills if 

that’s what you mean’ (F2), ‘I think it would be better if I slept more’ (F3). Several 

participants indicated that if they felt sleepy during the day they would take naps (mentioned 

in all three focus groups) and some of them would drink coffee to stay alert during the day 

(mentioned in F3). 

 Participants mentioned that both their sleep duration, sleep timing, and how refreshed 

they felt after awakening was different during the weekend as compared to weekdays, this 

theme is therefore called Week vs. weekend.  On weekend days, participants went to bed later 

and slept in, they mentioned that they felt more refreshed when they got out of bed in on 

weekend days as compared to weekdays; ‘On weekend days I wake up later and sleep longer’ 

(F1), ‘I go to bed later on weekend days’ (F2). Participants in F1 and F3 indicated that they 

preferred waking up without an alarm clock; ‘I prefer to wake up by myself than with an 

alarm [...] that’s more relaxed’ (F3).   
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Figure 2.  Thematic map on sleep experiences in adolescents 

 

  The second theme is called Awareness of behaviors influencing sleep and is related to 

the awareness of the participants of certain behaviors which can either have a positive or 

negative effect on sleep behavior and sleep quality. Overall, participants stated several factors 

which could, according to them, influence their sleep behavior. Factors they indicated were: 

stress related to school tests (mentioned in all three focus groups), temperature and ventilation 

in the bedroom (mentioned in F2 and F3), exercising (mentioned in all three focus groups), 

playing video games before going to bed (mentioned in all three focus groups), and caffeine 

consumption (mentioned in F3). In focus group 2, a participant mentioned that making a to-do 

list before going to sleep improved her sleep quality; ‘So I don’t have to think about it at 

night’ (F2).Another important factor each focus group mentioned is mobile phone use. 

Participants indicated that there could be a negative effect of using mobile phones before 

going to sleep; ‘I use my phone a lot, I don’t think that’s really good’ (F3), ‘I think that what 

you do with your phone isn’t the problem anyway, it’s the phone itself, the screen’ (F3). 

 Within the awareness theme there is a sub-theme found which related to mobile phone 

use, namely Habitual behaviors in sleep hygiene. This theme explains that participants are 

aware of the that mobile phone use could have on sleep behavior, they still had problems with 

changing this behavior; ‘I know for sure that it would be better if you wouldn’t use your 

phone all day, but we’re just so used to it. We don’t know any better’ (F3). In focus group 2, 

the willingness to reduce mobile phone use was discussed, some participants indicated that 

they were willing to use their phone less right before they go to bed. 
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 The last theme on sleep experience is called Non-compliance and refers to the 

intentions of the participants. Several participants indicated that they often have good 

intentions, for example to go to bed early when they are tired, but they have difficulty abiding 

by this intention; ‘I tell myself to go to bed early but it usually doesn’t work out that way’ 

(F1), ‘I’m a procrastinator, I want to go to bed at 11 and then I think, why? And before you 

know it it’s 1 a.m. That’s the way it always goes and in the morning I think, I slept way too 

late’ (F3). 

4.2 Mobile application 
In the discussion related to the questions regarding the use of a mobile application to improve 

sleep behaviors, participants gave mixed answers as is seen in the thematic map in figure 3. 

At first, almost all participants did not like the idea of using a mobile application to improve 

their sleep behavior. Only two participants liked the idea of a mobile application right away, 

while two participants in focus group 3 indicated that they would absolutely not use the 

proposed mobile application. However, after discussing the possible features and components 

which should be included into the application, most participants indicated that they were 

willing to try the application or mentioned that they would download the app when they 

would experience sleep difficulties. The following section describes why participants did not 

want to use the mobile application in the Arguments against using a mobile application theme 

and describes what features and components should be added in the mobile application 

according to the participants in the Application features theme.  The following quotes give an 

indication on the very mixed initial answers when the participants were asked if they would 

like to use a mobile application to improve their sleep behavior; ‘Yeah, I think for us it is the 

best way to help’(F1), ‘I would try it’ (F2), ‘I think it is totally useless’ (F3), ´I wouldn´t use 

that app´(F3). Figure 3 below shows the thematic map of the questions on making use of a 

mobile application to improve adolescents’ sleep behavior. 
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Figure 3. Thematic map on using a mobile application to improve sleep behavior 

 

 In the Arguments against using a mobile application theme, three sub-themes were 

identified containing arguments against using the mobile application. The first sub-theme is 

No help needed, indicating that participants did not feel the need to improve their sleep 

behavior. Examples of quotes supporting this theme: ‘I don’t think I need it, I’m not really 

tired during the day’ (F1), ‘But would you want an app to improve your sleep? I wouldn’t 

want that’ (F3). Participants also indicated that If they would have sleep problems, they might 

use the application: ‘If you have sleep problems, I think you would try it’ (F2), ‘If you 

experience sleep problems, then yes, ... , I don’t think I would need it right now’ (F1), ‘I know 

I don’t sleep enough, but I’m used to it. But it would be better if it would be improved’ (F1). 

 The same sub-theme as seen in the general sleep questions is also seen in the mobile 

application questions, namely Non-compliance. Several participants indicated that it would be 

difficult to comply with the request of the application, for example notifications indicating 

that the participant should go to bed. Example of quotes: ‘I think that I wouldn’t abide by it’ 

(F1), ‘I think you wouldn’t abide by an app with sleep things. It is kind of the same with 

people downloading a workout app, after two days you don’t abide by it anymore’ (F3). 

 The third sub-theme is Increased mobile phone use. As was indicated by the thematic 

analysis on the general sleep questions, participants were aware of the negative effects of 

using their smart phone before going to bed. They argued that an application would not be the 

best solution because that would mean that they have to use their phone again. ‘An app is on 

your phone which means you are again occupied with your phone’ (F1), ‘It is on your phone 

and if you are occupied with your phone again and then you get another message, and 

another..’ (F3). To overcome this, participants suggested that app users should not be able to 
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communicate with each other by means of a chat-function; ‘It would be fun to see things from 

other users but don’t communicate with them’ (F1). 

 

 Even though not all participants were convinced that using a mobile application would 

be helpful to overcome sleep difficulties, all focus groups discussed how such an application 

could be appealing for them to use. In this Application features theme, several themes and 

sub-themes emerged. The first theme is Extrinsic reward as in every focus group it was 

mentioned that participants would like to get some sort of reward when using the application. 

All three focus groups described a point system, were participants could gather points when 

they abide by the requests of the app. These points could then be used to unlock certain 

features in the app (mentioned in F1), get ‘something’ small (mentioned in F2), or get a 

discount on for example pajamas (mentioned in F3). In all three focus groups is was also 

mentioned that the app should not contain any download costs. 

 Participants also mentioned several times that they would like more information on 

their sleep behavior, which is why the second sub-theme is called Information. This 

information could be details on their current sleep behavior by making use of self-tracking; 

‘So you can track yourself. That would be fun to see, how fit am I really’ (F1), ‘You can help 

yourself’ (F1). Participants would also like to get more specific information on what to do to 

improve their sleep behavior; ‘To see what would help to be relaxed before you go to bed. [..] 

Like certain food or drinks which have a calming effect’ (F3), ‘When an app analyses your 

sleep [..] it would be convenient of you can see things you can do which are linked to your 

sleep data’ (F1), ‘If you think now I’m doing this at night [..] and you see it is bad or 

unhealthy, you realize it more. And you could change it’ (F3). Participants in focus group 2 

mentioned that a Facebook group to talk about sleep problems would be helpful, while a 

participant in focus group 3 would like a chat-feature where people can discuss how they deal 

with sleep problems. Other participants in focus group 2 decided that they would not like to 

have such a helpdesk because of privacy reasons. 

 Another sub-theme which was mentioned several times is Personalization. 

Participants in focus group 1 agreed with the focus group leader that a personalized sleep 

plan, based on their personal sleep data and with personal sleep tips would be good idea. It 

was suggested by the focus group leaders that the app would send messages containing 

information to improve sleep behavior. Participants responded by saying they would like to 

have a limited amount of messages (mentioned in all three focus groups), these messages 

should be short (mentioned in F2), ‘fun’ for example a short movie clip (mentioned in F3), 
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and above all related to your daily activities (mentioned in all three focus groups). A 

participant in focus group 1 describes the messages as follows: ‘I think that indeed you should 

personalize it a bit [..] because if you are working and you get a message that you should do 

some exercises, that’s not really useful’ (F1).  

A sub-theme in personalization is Group vs. self, as participants indicated that they 

would either use the application for themselves (mentioned in F2) or for both themselves and 

in a group (mentioned in F1 and F3). Quotes that support this are: ‘If you can battle your 

friends, I think that more people would download it than when it would only be for yourself’ 

(F1), ‘It should be points and a ranking so you can try to be the best’ (F3), ‘I probably 

wouldn’t share my sleep results’ (F2). 

 As was mentioned before, participants were aware of the negative effects of mobile 

phone use on sleep. Participants therefore mentioned that the mobile application would block 

certain features of their phones at night, for example YouTube (mentioned in F1), all social 

media (mentioned in F3), or even block all internet related features (mentioned in F2). This 

theme is therefore called Feature block. This feature block would help to resist the constant 

occupation of the participants’ smart phone; ‘Blocking YouTube after a certain time [..] when 

it’s 11 p.m. and you need to go to sleep but you see a cool video, and then another one, and 

another’ (F1). 
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5. Discussion focus groups 

 

In this qualitative study, sleep experience and the idea of using a mobile application to 

improve sleep behavior was discussed amongst adolescents. By making use of focus groups, 

adolescents were asked several questions with regard to their current sleep quality and sleep 

duration on free days and weekdays, what they think are behaviors which could influence 

their sleep behavior, and methods to improve sleep behavior. Moreover, they were asked to 

discuss the use of a mobile application to improve their sleep behavior and how they think 

such an application should look like. 

 

The thematic analyses showed that generally, teens do not feel like they have sleep 

difficulties and normally sleep fine. Although some of them indicated that they could improve 

their sleep length. Because they did not experience sleep difficulties, they felt like they did not 

need an application to improve their sleep behavior. Moreover, teens also expressed 

limitations of the use of a mobile application, for example as it might further increase phone 

use or that they simply would not abide by the requests of the application. However, they also 

indicated if they were going to experience sleep difficulties in the future, most of them would 

give the mobile application a try as it would be an easy way to improve their sleep behavior. 

 

Awareness of behaviors influencing sleep 

Teens indicated to be aware of several factors which could positively or negatively affect their 

sleep behavior. Noticeable is that almost all teens know that it would be better if they would 

not use their phone before going to bed, although they also indicated that they had difficulties 

doing so. They state that it has become a habit to use their phone before going to bed and that 

it would be difficult to leave their phone outside of their bedroom. This behavior highly 

undesirable as mobile phone use right before going to bed was found to be associated with an 

increase in sleep disturbances  (Munezawa et al., 2011) and a decrease in daytime alertness 

(Grover et al., 2015). 

 Although adolescents might think that it is just a habit to use their phone to go on 

social media before they go to bed, the study by Wang, Lee, and Hua (2015) explains that this 

habit induces a psychological dependence. This dependence is developed by the distortion of 

an individual’s cognition and affect. So adolescents’ thoughts on social media use before 

going to bed as just a habit, downplays the actual serious negative effects of social media use 
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before going to bed. This indicates that teens need to be educated on the negative effects of 

social media use before going to bed. 

 While adolescents mentioned quite a lot of factors which could influence their sleep 

behavior, there are more factors positively or negatively related to sleep quality and sleep 

duration which they did not mention. For example, watching TV before going to bed was not 

mentioned while that was found to influence sleep onset latency and sleep duration (Gaina et 

al., 2005; Ortega et al., 2010). Moreover, were not aware of the negative effects of light 

exposure (even dim light) at night on sleep and daytime sleepiness as well as the positive 

effects of light exposure during the day. This indicates that there is still a gap in adolescents’ 

awareness on factors positively and negatively influencing sleep and that there is room for 

education. 

 

Motivation to use the mobile application 

A theme that emerged twice was non-compliance. It emerged in the context of intentions, for 

example when teens intend to go to bed early but end up sleeping late, and in the content of 

using the mobile application, where they indicated to have a hard time taking advice from an 

application. This indicates a challenge, as it might be difficult to motivate this age group into 

adapting to a healthy sleep wake cycle. 

When teens were asked to come up with features which should be included in the 

application and could help them get enough sleep, a social media/internet block was 

mentioned several times. This indicates again a sense of awareness of the negative influence 

mobile phone use could amongst adolescents. However, they experience low internal 

motivation to stop using their phone before they go to be. An external stimulus such as a 

social media/internet block might be able to help them. 

In order to comply to the mobile application, teens stated that they wanted some sort 

of extrinsic reward. Teens described a system where they have to gather points to get 

something in return. Moreover, to make the application attractive, teens want more 

information about their sleep behavior. This could have multiple forms, by getting more 

insights in their data on sleep behavior, by getting tips to improve their sleep behavior, and by 

asking questions to a help desk. These suggestions could be implemented in the mobile 

application to make teens more motivated in changing their sleep behavior. 

Extrinsic versus intrinsic motivation has been a topic for debate for years in 

psychology with the question whether extrinsic incentives erodes intrinsic motivation. The 

longitudinal meta-analysis by Cerasoli, Nicklin, and Ford (2014) found that extrinsic 
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incentives and intrinsic motivation are not antagonists and jointly predict performance. 

Cerasoli et al. state that both types of motivation should be considered simultaneously. In fact, 

they state that if incentives are directly related to performance (e.g. a clear link between 

incentive and performance), incentives can boost intrinsic motivation. If teens would see their 

progress in improving their sleeping behavior and a direct link to a reward (e.g. increase in 

points), it could be a good idea to implement some sort of extrinsic reward in the mobile 

application. Once adolescents notice this direct link, they could potentially become more 

aware of positive and negative factors influencing their sleep.  

 

Personalization of the mobile application 

Adolescents liked the idea of a coaching application which would send information about how 

to improve their sleep behavior, especially when information in those messages would be 

linked to their personal schedule and activities. Information could consist of details of 

adolescents’ sleep data, such as sleep behavior and sleep quantity, and personalized tips on 

how to improve their sleep behavior and quantity. This need for information about their sleep 

data indicates that the application should be able to connect to some sort of sleep measuring 

wearable (for example Fitbit) to create personalized messages. However, all adolescents 

indicated that the amount of messages should be limited and the content should be short. 

While some adolescents liked the idea to battle against each other with the previously 

mentioned point system, other adolescents would just want to use the application for 

themselves. This is again an indication that personalization of the mobile application, using 

the app with friends or only for yourself, is a good idea to make the app attractive for all 

adolescents. 

 

5.1 Limitations of this study 

This research made use of focus groups to collect data. Focus groups are a good way to 

collect rich and detailed data and to create a perspective of certain behaviors that enables 

experiences to be understood more holistically (Carey & Asbury, 2012). There is, however, a 

downside to using focus groups over for example personal interviews or survey, namely 

groupthink. Groupthink is described as the process where persons adjust their own behavior 

as a response to their impressions of other group members (Carey & Smith, 1994). This is not 

desirable as groupthink might interfere with individual opinions and might be formed around 

one dominant opinion (Fontana & Frey, 1994).  
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 This research tried to overcome groupthink by asking all participants for their opinion 

and not just the person with the loudest opinion. However, it might have been better to use the 

so-called devil’s advocate strategy to overcome groupthink (Macdougall & Baum, 1997). This 

strategy involves using one or more persons who ask questions in a different way, reflect 

different perspectives to groups, introduce new questions, and avoid groups arriving at 

premature solutions. In the current research, the focus group leaders tried to fulfill this role as 

devil’s advocate, but it might be better for future research to appoint a separate person.  

 

Another limitation of this study is that the three focus groups were led by three 

different persons. Although each focus group leader was instructed to follow the same 

guidelines and questions, each focus group leader had a slightly different approach. Where 

one focus group leader tightly controlled the discussions, another focus group leader let the 

participants discuss freely even about topics which related less to the current study. Future 

research should make use of one participant leader to avoid differences between focus groups. 
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6. Method section quantitative study 
 

6.1 Design 

In order to answer the quantitative research questions, a field study was conducted. During 

this field study, participants were monitored during their daily routines. For seven consecutive 

days, participants’ sleep-wake cycles and light exposure were monitored with wearable 

measuring devices. During the study, subjective feelings of vitality and sleepiness were 

measured by making use of an Experience Sampling Method (ESM). Moreover, participants 

filled in a questionnaire regarding chronotype, sleep quality, and pre-bedtime behaviors. 

 Due to the restricted amount of measuring devices, this study consisted of two 7-day 

sampling periods. The first one started on the 13
th

 of April 2018, the second one started on the 

16
th

 of May 2018. 

 

6.2 Participants 

28 participants participated in this field study (15 female), 17 participants (10 female) 

participated in the first sampling period, 11 participants (5 female) participated in the second 

sampling period.  

Participants were on average 15.44 years old (SD = 0.71). All participants were 

students from high school d’Oultremontcollege, OMO Scholengroep De Langstraat in 

Drunen, the Netherlands. Participants were sampled after receiving in-class instructions about 

the procedure of the focus groups and were given the opportunity to ask questions regarding 

the procedure. 

All participants were students from Pre-University Education students (in Dutch: 

Voortgezet Wetenschappelijk Onderwijs) or Higher General Secondary Education (in Dutch: 

Hoger Algemeen Voortgezet Onderwijs). Participants were required to have approval from 

parents and/or guardians to participate in this study and were required to own a smart phone 

in order to receive the daily questionnaires. 

 

6.3 Measurements 

Light exposure 

In order to measure how much light entered the participants’ eyes, Light Log devices were 

used. These devices were equipped with a TAOS TCS34725 photo sensor chip and contained 

four sensor areas; three with color filters (R, G, and B) and on (C) without any filter. With the 
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measured values from the four sensors, different lighting parameters could be calculated: 

tristimulus values X,Y,Z, correlated color temperature (CCT), illuminance level at the eye, 

and circadian irradiance. This data was not analyzed in the current study. 

 

Actiwatch 

Participants were asked to wear a Philips Actiwatch Spectrum which measured activity. This 

measured activity was then used to calculate sleep variability, sleep quantity, and sleep quality 

with the corresponding Respironics software. The actiwatches were equipped with a solid-

state “Piezo-electric” accelerometer with a sensitivity of 0.025 G and 32 Hz sampling rate. 

This data was reviewed in the current study, however it was decided that only the sleep data 

gathered with the sleep diary was used in the Linear Mixed Model analyses.  

 

ESM questionnaires 

The experience sampling method consisted of two types of questionnaires, one morning 

questionnaire and five (first sampling period) or six (second sampling period) short 

questionnaires. The morning questionnaire consisted of the Karolinska Sleep Diary were 

participants were asked to rate both their sleep quality as well as their sleep duration of the 

previous night (Shahid, Wilkinson, Marcu, & Shapiro, 2011). These morning questionnaires 

were sent at 07.30 and participants were able to fill in the questionnaire until 12.00 that day.  

Participants were prompted to fill in the short questionnaires five or six times a day. In 

the first sampling period, the morning questionnaire consisted of both the sleep diary as well 

as the short questionnaire. However, since participants could fill in the sleep diary until 12.00, 

there was not much data in the morning in the first sampling period. The second sampling 

period consisted therefore of an extra short questionnaire which was sent before school start 

time at 07.45. 

Since all participants were high school students, questionnaires were sent on times 

when they could not interfere with teaching hours. The first two questionnaires were sent on 

fixed times, during the small break at 10.50 and one during the lunch break at 12.50. Three 

questionnaires were sent after school time on random times between 16.00 and 22.00.   

In the short questionnaire, participants were asked to rate their subjective sleepiness 

(9-point Likert scale), and subjective vitality and mood (7-point Likert scale) as adapted from 

the activation-deactivation checklist from Thayer (1967). Moreover, participants had to rate 

how much time they had spent outside in the last hour and whether or not they had worn the 

light log device in the last hour.  
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Questionnaires were sent by making use of the PACO app (first sampling period) and 

Google Forms (second sampling period). The PACO app was found to be an unreliable 

method to send questionnaire as some questionnaires were never sent while some were sent 

two or three times at the same moment. The second sampling period therefore used Google 

Forms. 

 

General survey 

Participants were asked to fill in a paper survey at some point during the 7 day monitoring 

period. This questionnaire consisted of the Munich Chronotype Questionnaire (MCTQ), the 

Pittsburgh Sleep Quality Index (PSQI), and an assessment of pre-bedtime behaviors as was 

described in the method section of the qualitative study. 

 

6.4 Procedure  

Before the start of the study, participants as well as their parents and/or guardians were asked 

to sign an consent form. On the evening before the study started, participants started wearing 

the actiwatch. They wore this watch continuously for 7 days, night and day, until the last night 

of the study. Participants could only take the watch off when it could get damaged (for 

example when playing sports) or when they took a shower which lasted longer than 30 

minutes.  

On the first day of the experiment, participants started wearing the light log device. 

They wore this device from the moment they woke up until the moment they went to bed. The 

device had to be worn on the participant’s clothes with the sensors facing forward at all times. 

If the device could get damaged (for example by playing sports or due to water exposure) they 

had to take the device off and put it away safely. If they had to put on a jacket to go outside, 

they had to put the device on their jacket and put it back on their clothes when they took the 

jacket off.  

 Participants were prompted with questionnaires on both fixed as well as random times. 

After they received the notification, they had 30 minutes to fill in the questionnaire. They 

could fill in the sleep diary until 12.00. The general survey had to be completed before the end 

of the 7-day measuring period. 

 At the end of the 7-day measuring period, participants received a €25,- participation 

fee. 
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6.5 Statistical analyses 

General survey 

Based on the data from the general questionnaire, some descriptive analyses were performed 

to calculate for example the distribution of midsleep, chronotype, and self-assessed sleep 

quality amongst the participants. This general survey was also used to create an overview on 

the frequency of the pre-bedtime behaviors. Separate overviews were made for pre-bedtime 

behaviors which fell in the ‘screen-related behaviors’ (e.g. involved technology with a 

screen); social media, calling, watching TV, playing videogames, using a PC or laptop, 

streaming videos , or in the ‘non-screen related behaviors’; reading a book, studying/school 

work, sports and exercise, eating and drinking, household chores, spending time with family 

and/or friends, personal hygiene, praying or meditating, listening to music, listening to audio 

or podcasts, writing in a diary. 

 

ESM questionnaires 

Because of the nested structure of the data collected with the short questionnaires, multi-level 

analyses were used in STATA. With these Linear Mixed Model analyses, the variance of 

sleepiness throughout the day could be explored. To determine how the variable Sleepiness 

varies throughout the day, the variable ClockTime was created. This variable categorizes the 

answers of the short questionnaires into hours in which the questionnaires were answered. For 

example, questionnaires answered between 10:00 and 10:59, all fall within the same category 

for the ClockTime variable, namely 10. For each hour, questionnaires were categorized and 

this variable ClockTime was used as a predictor variable for Sleepiness. 

 Next to the variable ClockTime, two other time indicators were created, one 

representing the inner clock and one representing the homeostatic sleep drive. For the inner 

clock, the variable TimeSinceMidsleep was created. This variable categorized all 

questionnaires which were answered in the same hour after the participants’ midsleep. This 

could be done by firstly calculating each participants’ midsleep with the MCTQ. Then for 

each short questionnaire which was answered, the difference in hours between the 

participants’ midsleep point and the time of answering the short questionnaire was calculated. 

Note that, to be able to calculate this difference, participants both had to fill in the MCTQ and 

the short questionnaires. When a participant did not fill in one of the two, the difference could 

not be calculated. These calculated differences were then categorized in hours in the same 

way the ClockTime variable did. So questionnaires answered between 3.00 and 3.59 hours 

after midsleep, were grouped in TimeSinceMidsleep 3. 
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 For the time indicator homeostatic sleep drive, the variable TimeSinceAwakening was 

created. This variable categorized the answers of the short questionnaires in the hour they 

were answered after the participant woke up. This could be done by calculating the difference 

between the time a participant filled in a short questionnaire, and the time they woke up as 

indicated by the sleep diary participants filled in on the same day. These differences were then 

again grouped, so questionnaires answered between 7.00 and 7.59 hours after participants 

woke up, were grouped in TimeSinceAwakening 7. 

 

 For each time indicator, multiple Linear Mixed Model analyses were performed. In 

order to determine the hierarchical model of the Linear Mixed Model analyses, Log 

Likelihood Ratio tests were performed for each time indicator were models with different 

variables added in the hierarchy are tested against a model without hierarchy. Also, for each 

time indicator, potential confounding variables chronotype (Roenneberg et al., 2003) and 

subjective sleep quality (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989) were checked.  

 The main effect of each time indicator on sleepiness was checked for significance. The 

mixed command in Stata to perform Linear Mixed Model analyses, does not automatically 

compute the main effect of categorical variables. Main effects were therefore computed when 

performing the contrast command after a LMM. This test forms contrasts involving the factor 

variables and their interactions from the most recently fitted model (“Contrasts and linear 

hypothesis tests after estimation,” n.d.). If the time indicator was found to be a significant 

predictor for sleepiness, Estimated Marginal Means were calculated for each hour in the time 

indicating variable. 

 After the main effect of the time indicator, the interaction effect for each time indicator 

with Weekend was checked to see if there were any differences in feelings of sleepiness on 

weekdays versus free days. For an unknown reason, STATA did not allow to calculate this 

interaction effect. SPSS was therefore used to test for significance and to calculate the 

Estimated Marginal Means if the interaction was found to be significant. 
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7. Results quantitative study 
 

As was described in the method section of this study, the quantitative part of the current study 

consisted of a survey on sleeping behavior, an Experience Sampling Method, light 

measurements, and actigraphy. This results section describes the results found in the general 

survey and the ESM. 

7.1 Results survey on sleeping behavior 
This section describes the results of the surveys filled in by the participants of the quantitative 

study. Out of the 28 participants which participated in the quantitative study, 25 participants 

filled in the survey. Three participants either lost their survey or did not hand in their results. 

Out of these 25 participants, several participants gave ambiguous answers to some questions. 

For example, the question ‘at what time do you go to bed?’ was answered by one participant 

with ‘when I feel sleepy’. Because of this, values such as chronotype and sleep quality could 

not be calculated for some participants.  

 

7.1.1 Sleep parameters 

Sleep parameters are summarized in Table 1. This table shows average values for sleep 

duration on weekdays and on free days and average midsleep on weekdays and free days. 

Moreover, the average, minimum and maxim values for weekly sleep loss, social jetlag, and 

chronotype are summarized in Table 1. Noticeable is that one participant was found to double 

her sleep duration on free days as compared to weekdays, from 5 hours on weekdays to 10 

hours on free days. 
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 Weekdays Free days 

Average sleep duration 7 h 15 m (SD = 57 m) 9 h 28 m (SD = 59 m) 

Min sleep duration 5 h 7 h 30 m 

Max sleep duration 9 h 10 m 11 h 50 min 

Average midsleep 03:16 (SD = 23 m) 05:14 (SD = 61 m) 

 

Average weekly sleep loss 3 h 6 m (SD = 112 m) 

Min weekly sleep loss 0 m 

Max weekly sleep loss 8 h 5 m 

Social jetlag 1 h 56 m (SD = 54 m) 

Min social jetlag 5 m 

Max social jetlag 3 h 48 m 

Average chronotype  04:31 (SD = 63 min) 

Min chronotype 02:03 

Max chronotype 06:59 

Table 1. Summary of sleep parameters measured in the survey on sleeping behavior 

 

7.1.2 Chronotype 

The distribution of midsleep on workdays and on free days for the current study is seen in 

Figures 4a and 4b. Figures 4c and 4d show the distribution of midsleep on workdays and free 

days as found by Roenneberg et al. in 2003. The distributions of the current study is shifted 

towards earlier midsleep times as compared to the distribution from Roenneberg et al. It 

should be noted however that the study by Roenneberg et al. named all their participants 

under 21 years old ‘adolescents’ while the current study uses as younger adolescent group, 

namely 15 to 18 years.  

 

 



35 
 

Figure 4. Distribution of midsleep on work days (A) and on free days (B) of the current study, distribution of 

midsleep on work days (C) and on free days (D) by Roenneberg et al. (2003); thick black line represents 

adolescents 

 

Since midsleep on free days was later as compared to midsleep on weekdays for every 

participant, their chronotype was calculated by making use of their average weekly sleep 

duration (Roenneberg et al., 2003). The average chronotype amongst the participants of the 

current study was 4.52 (04:31) (SD =63 minutes), ranging from 2.06 (02:03) to 6.98 (06:59). 

The distribution of chronotypes in the current study is seen in Figure 5.  
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Figure 5. Distribution of participants’ chronotypes 

 

7.1.3 Subjective sleep quality 

Subjective sleep quality was measured in this survey with the Pittsburgh Sleep Quality Index. 

On average, participants scored 5.26 points on the PSQI (SD = 2.58), with values ranging 

from 2 to 11. A value above 5 on the PSQI is related to poor sleep quality (Buysse, Reynolds 

III, et al., 1989). The distribution of PSQI values in the current study is seen in figure 6. In the 

current study, 47,8 % of the participants score above 5 points on the PSQI. 

 

 

Figure 6. Distribution of participants’ scores on the Pittsburgh Sleep Quality Index 
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7.1.4 Pre-bedtime behaviors 

Based on the article by Harbard, Allen, Trinder, and Bei (2016), participants were asked to 

rate the frequency they engage in certain pre-bedtime behaviors within the hour before they 

go to bed. Figure 7 shows the frequency of all pre-bedtime behaviors. Each behavior was 

rated by each participant as a behavior they never do before they go to bed, something they do 

one or two evenings a week, three or four evenings a week, or almost every night. 
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Figure 7. Frequency of pre-bedtime behaviors amongst adolescents within the hour before they go to bed 
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Figure 8  and Figure 9 show the pre-bedtime behaviors separated into ‘screen activity’ and 

‘non-screen activity’ respectively. Behaviors in the ‘screen activity’ category make use of 

some sort of screen, for example a TV screen, laptop screen, or smart phone screen, while 

behaviors in the non-screen activity do not involve any screens, such as reading a book. It 

should be noted however that some activities might fall into both categories. For example, 

spending time with your family might for example include playing board games or watching 

TV together, studying might include reading a book but also working on an assignment on 

your laptop. For convenience, the activities ‘spending time with friends or family’ and 

‘studying were placed under non-screen behaviors. 

Figure 8. Frequency of ‘non-screen’ pre-bedtime behaviors of adolescents within the hour before they go to bed 
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Figure 9. Frequency of ‘screen’ pre-bedtime behaviors of adolescents within the hour before they go to bed 

 

7.2 Results Experience Sampling Protocol 
 

7.2.1 Preparatory analysis 

When inspecting the data, it became clear subjective sleepiness as measured with KSS was 

not normally distributed (skewness: 0.84, kurtosis: 2.97). The ladder test in STATA (based on 

Tukey’s ladder of power, 1997), revealed that a logarithmic transformation is the best way to 

improve normality (χ
2
 = 4.35, p = 0.113).  STATA transformed this variable using a natural 

logarithm into a more normally distributed variable (skewness = -0.10, kurtosis: 2.70). It 

should be noted that the kurtosis value for this log transformed variable is still high. Deleting 

influencing outliers however did not significantly improve the normal distribution. Therefore 

the following Linear Mixed Model analyses used the log transformed values for KSS as 

dependent variable without excluding outliers. 

 

To determine whether there were differences in feelings of sleepiness on weekdays 

versus on free, a LMM was performed with variable Weekend as predictor variable. There 

was a significant difference found between week and free days (B = 0.088, SE = 0.04, z = 

2.35, p = 0.019). Where KSS scores on weekdays were significantly higher as compared to 



41 
 

free days, meaning participants felt less sleepy on free days (free days: EMM = 1.127, SE = 

0.06; weekdays: EMM = 1.2149, SE = 0.05). These values are log transformed values for the 

9-point Likert scale for sleepiness. When transforming back to the normal 9-point scale, this 

gives a value of 3.09 for free days and 3.67 for weekdays. An overview of all EMM values of 

the quantitative study are found in Appendix B. 

 

7.2.2 Sleepiness and clock time 

Since data is nested within both Participant (participants answered multiple questionnaires) 

and Day (multiple questionnaires were answered on one day), these two variables were tested. 

Adding only the variable Day in the hierarchical model did not significantly improve the 

empty model as expected (χ
2
 (1) = 0.09, ns) while adding Participant did improve the model 

(χ
2
 (1) = 201.87, p < 0.000). Adding both also improved the model as compared to the empty 

model (χ
2
 (2) = 210.61, p < 0.000). To determine whether only the variable Participant or both 

variables should be added in the hierarchy, another log likelihood ratio test was performed. 

This test showed a significant improvement of adding both Participant and Day over only 

adding Participant (χ
2
 (1)= 8.73, p < 0.0031). The hierarchical model of the remaining Linear 

Mixed model analyses in this section on time indicator ClockTime, therefore contained both 

Participant and Day. 

 

To determine the variation in sleepiness during the day, multiple Linear Mixed Model 

analyses were performed. The dependent variable in these models was the log transformed 

KSS, the independent variable in these models was ClockTime. Both chronotype and the 

sleep quality score (measured with PSQI) were found to be non-significant confounding 

variables when both were added separately (chronotype: B = -0.037, SE = 0.165, z = -0.22, 

ns), PSQI: B = 0.053, SE = 0.045, z = 1.17, ns). Both chronotype and PSQI were therefore left 

out of the remaining LMM analyses for the variable ClockTime. 

 

The contrast command in STATA  showed a significant main effect for ClockTime on 

the log-transformed values on KSS (χ
2
 (16, 28) = 191.88, p < 0.000). Because of the 

significant effect found for ClockTime on the log-transformed KSS, Estimated Marginal 

Means (EMM) were calculated for each hour in the ClockTime variable. These EMM values 

give an overview of the variation in feelings of sleepiness throughout the day. Figure 10 

shows these EMM of the log transformed KSS values with Standard Errors as error bars.  
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Figure 10. Estimated Marginal Means for sleepiness measured with log transformed KSS during the day. Error 

bars represent Standard Errors. 

 

Sleepiness and clock time, week vs. free days 

There was no significant main effect found for Weekend (F (1, 469) = 0.021, ns) but there 

was a significant interaction found between ClockTime and Weekend (F (14,683) = 2.371, p 

= 0.003. Because of this significant interaction effect, Estimated Marginal Means were 

calculated for each hour in the ClockTime variable on weekdays and on free days. These 

values are shown in Figure 11. Values for sleepiness at ClockTime 14:00 and 15:00 are 

missing due to missing data points in the dataset. Pairwise comparisons showed that for hours 

11:00, 17:00 and 21:00 in the ClockTime variable, there was a significant difference in the 

EMM values for sleepiness on weekdays vs. on free days. These hours are marked in figure 

11 with an asterisk.  
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Figure 11. Estimated Marginal Means for sleepiness measured with log transformed KSS during the day, for 

weekdays and free days. Error bars represent Standard Errors. Hours marked with an asterisk (*) represent 

significantly different values of sleepiness on weekdays vs. free days 

 

7.2.3 Sleepiness and circadian clock time 

For the second time indicator which represents the inner clock, log likelihood ratio test were 

performed to determine the hierarchical model. Adding variable Day in the hierarchy was 

found to be a non-significant improvement of the empty model (χ
2
 (1)=-0.00, p = 1.00), while 

adding Participants was found to be a significant improvement (χ
2
 (1) = 104.78, p < 0.000). 

However, adding both Day and Participant to the model was found to be a non-significant 

improvement over the model which only contained Participant (χ
2
 (1) = 1.18, p = 0.2766). 

The hierarchical models for the time indicator TimeSinceMidsleep which indicates circadian 

clock time, only contained Participant as independent random intercept.  

 

Significance was tested for the two confounding variables chronotype and sleep 

quality, which were both found to be non-significant confounding variables (chronotype: B = 

-0.021, SE = 0.045, z = -0.46, ns; PSQI: B = 0.013, SE = 0.013, z = 1.04, ns). Adding them 

separately also did not reveal any significant effects (chronotype: B = -0.017, SE = 0.046, z = 
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-0.76, ns; PSQI: B = 0.011, SE = 0.013, z = 0.83, ns). The remaining LMM analyses for the 

variable TimeSinceMidsleep did therefore not include any confounding variables. 

 

To determine the main effect for TimeSinceMidsleep on the log-transformed KSS 

values, the contrast command was again performed. This test showed a significant main effect 

for TimeSinceMidsleep (χ
2
 (19, 28) = 117.01, p < 0.000).  

As TimeSinceMidsleep was found to be a significant predictor of the log-transformed 

KSS values, Estimated Marginal Means could be calculated for each hour since the 

participants’ midsleep. These values are seen in figure 12, were values for 

TimeSinceMidsleep range from one hour after midsleep until 20 hours after participants’ 

midsleep. 

 

 

Figure 12.  Estimated Marginal Means for sleepiness measured with log transformed KSS over the circadian 

clock. Error bars represent Standard Errors 

 

Sleepiness and the circadian clock, week vs. weekend 

It was found that there was no significant main effect for Weekend (F (1,553) = 1.855, ns), 

and no significant interaction effect (F (14, 516) = 0.842, ns). 
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7.2.4 Sleepiness and homeostatic sleep drive 

The third time indicator represents the homeostatic sleep drive and was measured with the 

variable TimeSinceAwakening. Again, for the third time indicator, log likelihood ratio tests 

were performed to determine the hierarchical structure for the Linear Mixed Model analyses. 

These tests showed that adding Participant in the hierarchy again showed an improvement as 

compared to the empty model (χ
2
 (1)= 136.74, p < 0.000) while adding Day did not (χ

2
 (1) = 

0.00, p =0.9799). However, adding both Participant and Day in the model did not show a 

significant improvement over the model which only contained Participant (χ
2
 (1) = 2.39, p = 

0.1218). The Linear Mixed Model analyses in this section therefore only contained the 

variable Participant in the hierarchical structure. 

 

The confounding variables chronotype and sleep quality score were tested for 

significance on the time indicator for homeostatic sleep drive and were both found to be non-

significant when added both (chronotype: B = -.034, SE = 0.045, z = -0.76, ns; PSQI: B = 

0.028, SE = 0.015, z = 1.91, ns). Also when added separately, both chronotype (B = -0.21, SE 

= 0.047, z = -0.45, ns) and PSQI (B = 0.027, SE = 0.015, z= 1.79, ns) were found to be non-

significant confounders. Chronotype and PSQI were therefore left out of the remaining 

analyses on time indicator TimeSinceAwakening. 

 

The contrast command was used to determine the main effect of 

TimeSinceAwakening on the log-transformed KSS values. This test showed a significant 

main effect (χ
2
 (17, 28) = 136.22, p < 0.000). 

Since there was a significant main effect found, Estimated Marginal Means were 

calculated for each hour in the TimeSinceAwakening variable. The variable 

TimeSinceAwakening varied from 0 (directly after awakening) until 19 (19 hours after 

awakening). However, there was only one observation found in 19 hours after awakening and 

no observations found in 18 hours after awakening, which is why the EMM values were 

calculated until 17 hours after awakening. Figure 13 shows an overview of the EMM values 

on the log-transformed KSS for the time indicator representing the homeostatic sleep drive. 
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Figure 13. Estimated Marginal Means for sleepiness measured with log transformed KSS over homeostatic sleep 

drive. Error bars represent Standard Errors. 

 

Sleepiness and homeostatic sleep drive, week vs. weekend 

SPSS tests for the main effect of Weekend and the interaction effect with 

TimeSinceAwakening showed that there was no significant main effect for Weekend (F 

(1,553) = 3.670, ns), while there was a significant interaction effect (F (14,547) = 1.802, p = 

0.035). Because of this significant interaction effect, Estimated Marginal Means were 

calculated for each hour since awakening for weekdays and free days. These EMM values are 

seen in figure 14. There are no EMM values for hours since awakening 15, 16, 17, and 18 on 

free days and for hours since awakening 17 on week days because of missing values. For 4, 7, 

9 and 13 hours since awakening, there was a significant difference found between EMM 

values for weekdays and free days, marked in figure 14 with an asterisk.  

 



47 
 

 Figure 14. Estimated Marginal Means for sleepiness measured with log transformed KSS for each hours since 

awakening, for weekdays and free days. Error bars represent Standard Errors. Hours marked with an asterisk (*) 

represent significantly different values of sleepiness on weekdays vs. free days 

 

Confounding variables 

For each time indicator, the possible confounding variables chronotype and subjective sleep 

quality were checked. These variables were also checked as confounder without the time 

indicators as predictor variables. Both chronotype and subjective sleepiness were found to be 

non-significant confounding variables (chronotype: B = -0.005, SE = 0.05, z = -.011, ns; 

PSQI: B = 0.013, SE = 0.01, z = 1.04, ns). 
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8. Discussion quantitative study 
 

The quantitative part of this study consisted of a general survey, actigraphy, light 

measurements and an Experience Sampling Method. The current study looked at the general 

questionnaire and the ESM. Adolescents had to fill in a general survey on their sleep behavior 

and fill in multiple short questionnaires throughout the day. Data was then analyzed with 

hierarchical data analyses. 

8.1 Survey on sleeping behavior 
 

Sleep parameters 

The survey showed that there was difference of more than 2 hours between the hours teens 

slept on week days (7 hours and 15 minutes) and free days (9 hours and 28 minutes). This 

difference in sleep time is similar to what Wolfson and Carskadon found (1998) and the total 

sleep time found in the current study is way less than the calculated optimal hours of sleep for 

high school students, which is 9.2 hours according to Carskadon et al. (1980) or even 10.4 

hours according to Yılmaz, Kılınçaslan, Aydın, and Kul (2011). The difference in amount of 

sleep on weekdays and on free days eventually led to an average sleep loss of more than 3 

hours each week with a maximum of 8 hours sleep loss for one participant. This maximum is 

remarkable as it is more than the average sleep duration on weekdays as found with the 

general survey (7 hours and 15 minutes). Moreover, the survey showed that teens had an 

average social jetlag of almost 2 hours, meaning that there is on average a difference of two 

hours between teens inner clock and the clock which tells them to wake up to go to school 

(Wittmann et al., 2009). This also means that and on average, teens had to wake up two hours 

before their inner clock tells them to wake up. 

Chronotype and subjective sleep quality 

The Munich Chronotype Questionnaire showed the distribution of chronotypes in the current 

sample. As was seen in Figure 4, the midsleep on weekdays of the current study was similar 

to the midsleep on weekdays as found by Roenneberg et al. (2003). The midsleep on free days 

however was not similar, the midsleep of the current study was less normally distributed and 

was shifted towards an earlier midsleep as compared to Roenneberg et al. It should be noted 

however that the adolescent sample used by Roenneberg et al.(2003) was labeled to be under 

21 years with only 7 subjects between 6 and 15 years, while the current study had an age 



49 
 

range of 15 to 18 years. In another study by Roenneberg et al. (2004), they observed that at 

the age of 20, there was an abrupt change in the timing of sleep seen which was then proposed 

to be the biological marker of the end of adolescence. This sample used by Roenneberg et al. 

(2003) with an age range of < 21, might therefore not be a correct representation of 

adolescence. Moreover, the sample size of the current study (n = 28) was much smaller than 

the sample size of the study by Roenneberg et al. (n < 21 year = 142) and the current study 

also did not show much really extreme midsleep values (e.g. midsleep after 10:00) while 

Roenneberg et al. did. Making a comparison between the current study and the study by 

Roenneberg et al. (2003) is therefore difficult. 

Results from the Pittsburgh Sleep Quality Index showed that almost half of the 

participants scored more than 5 points and rated their sleep quality to be poor. This percentage 

adolescents with poor sleep quality is slightly lower than the percentage found by Lund, 

Reider, Whiting, and Prichard (2010), they found that 60% of adolescents rated their sleep 

quality to be poor. 

The scores on both chronotype and subjective sleep quality are both less extreme as 

compared to values previously found in literature. But with almost half of the participants 

indicating to have a poor sleep quality, it might still be a good idea to help adolescents 

improve their sleep quality and sleep duration. 

Pre-bedtime behaviors 

As the literature on factors influencing sleep shows, there are many screen related pre-

bedtime behaviors such as playing video games (Cain & Gradisar, 2010), watching TV 

(Ortega et al., 2010), and mobile phone use (Munezawa et al., 2011) which are negatively 

related to sleep quality and sleep duration. The current study therefore made the distinction 

between screen and non-screen related pre-bedtime behaviors. It was found that social media 

use was a pre-bedtime behavior in which all teens engaged at least once a week, same as 

personal hygiene. On average, teens also watched TV before going to bed quite often and 

called a lot before they went to bed. Nobody wrote in a diary and relatively little people read a 

book before going to bed, prayed or listened to music. 

In general, teens engage in a variety of behaviors before going to bed which was also 

found by the paper the pre-bedtime behavior questionnaire was adapted from (Harbard et al., 

2016). Teens engaged more in screen (e.g. technology) related pre-bedtime behaviors as 
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compared to non-screen bedtime behaviors which was also found by Harbard et al. This 

suggest that teens could be educated more on the various negative effect related to screen-

related behaviors before going to bed on sleep quality and sleep duration. 

It should be noted however that for some behaviors, there was not a clear distinction 

between screen and non-screen behaviors. For example the behavior ‘spending time with your 

family and/or friends’ could include watching TV but also playing board games or chatting. 

The study by Harbard et al. (2016) found that ‘spending time with family’ was associated 

with an earlier bedtime and a longer total sleep time for adolescents, which was according to 

the researches caused by a higher parental control over adolescent bedtime and social media 

use. However, it is not clear if Harbard et al. assumed that ‘spending time with family’ is a 

non-screen (or non-technology as they call it) related behavior or whether it could also 

include watching TV with your family. Since literature shows that watching TV before going 

to bed has negative influences in sleep behavior and ‘spending time with family’ has positive 

influences on sleep behavior, future research should make sure that this distinction is more 

clear and less ambiguous. 

 

8.2 Experience sampling protocol 
 

On various times during the day, adolescents filled in small questionnaires related to their 

feelings of sleepiness. One questionnaire in the morning consisted of a sleep diary where 

teens reflected on their sleep quality and sleep quantity of the previous night. 

Sleepiness and clock time 

The LMM analyses revealed a significant effect of ClockTime on sleepiness meaning that 

sleepiness significantly differed on different times of the day. Figure 10 shows that 

adolescents feel relatively sleepy when they wake up while their sleepiness decreases after 

09:00. After 09:00, their sleepiness levels remain relatively stable until 20:00 when they start 

rising again. 

The EMM values calculated for each hour on weekdays and free days shows a 

somewhat different pattern as is seen in Figure 11. For three hours during the day, a 

significant difference on weekdays versus free days was seen, namely 11:00, 17:00, and 

21:00. At 11:00, sleepiness was significantly higher on free days, while at 17:00 and 21:00, 

sleepiness was significantly higher at weekdays. These significant differences could be 
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valuable when designing the mobile coaching application to help teens adapt to more healthy 

sleep behaviors. 

As was found in different studies, daytime sleepiness has a negative effect on 

academic performance (Dewald et al., 2010; Gibson et al., 2006). Sleepiness during the day is 

therefore highly undesirable for adolescents who have to perform in school. As was also 

indicated by Dewald et al. (2010), there is room for education about the importance of sleep 

for school performance. The mobile application could be used to make adolescents more 

aware of the importance of sleep and educate them in how to improve their sleep. 

It should be noted that the error bars between 14:00 and 15:00 and after 22:00 are 

large which can be explained by the timing of the questionnaires. Since all participants were 

high school students who normally are not allowed to use their phone during class, 

questionnaires were send during breaks and after school. In between 12:50 (school break) and 

16:00 (end of school), there were no messages send. Some participants still filled in these 

questionnaires which explains why EMM values could still be calculated however with large 

error bars. This same applies for EMM values after 22:00, questionnaires were send before 

22:00, however some participant filled in those questionnaires after 22:00. These results 

should therefore be considered with caution. The current study made use of hourly time 

intervals, future research could make use of larger time intervals to increase the amount of 

observations per interval and with that increase the reliability of the EMM. 

Sleepiness and the circadian clock 

The LMM analyses revealed a significant main effect of circadian clock time on sleepiness, 

meaning that adolescents’ feelings of sleepiness varied for the phase of their inner clock. As is 

seen in Figure 12, adolescents’ sleepiness is relatively high when they filled in the 

questionnaires right after their midsleep point. Three hours after their midsleep point, their 

sleepiness goes down, twelve hours after their midsleep point adolescents’ sleepiness levels 

start rising again.  

What is remarkable, is that participants filled in questionnaires even within the hour 

after their midsleep. Adolescents’ average sleep duration on weekdays was 7 hours and 15 

minutes as was found with the general survey, meaning that ideally teens would wake up a bit 

over 3 and a half hours after their midsleep. Out of the 538 observations for sleepiness and the 

circadian clock, 31 observations were filled in within the participant’s circadian night. This 
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means that teens have to get up while they are still in their biological night. This is again an 

indication of adolescent social jetlag, while teens are still in their biological night, they have 

to wake up to go to school (Wittmann et al., 2009). 

For sleepiness and the circadian clock, no significant main and interaction effect for 

weekend was found. This suggests that there is no significant difference between feelings of 

sleepiness as function of the phase of their inner clock on weekdays versus on free days. 

However, due to some technical problems with the PACO app, there was not much data 

gathered on free days. This in combination with the few data points that could be calculated 

for the circadian clock (e.g. participants had to fill in both the general survey to determine 

their midsleep as well as the short questionnaires to determine their circadian phase when 

filling in the short questionnaire) resulted in very few data points. Future research should 

collect more data on free days and enlarge the time intervals to be able to find significant 

effects. 

Sleepiness and the homeostatic sleep drive 

For sleepiness and the homeostatic sleep drive, a significant effect was found for 

TimeSinceAwakening and feelings of sleepiness. This indicates that feelings of sleepiness 

vary over the hours adolescents are awake. As is seen in Figure 13, sleepiness is relatively 

high right after awakening and declines afterwards. Sleepiness remains relatively stable until 

eleven hours after awakening when it starts increasing again. 

A significant interaction effect was found for feelings of sleepiness since awakening 

and weekend as is seen in Figure 14. For four time intervals after awakening, a significant 

difference was found, namely 4, 7, 9, and 13 hours after awakening. For all these hours, 

sleepiness was lower on free days as compared to weekdays. This is most likely explained by 

the longer total sleep time of adolescents on free days (Strauch & Meier, 1988). As was 

explained earlier, sleepiness during the day on school days is highly undesirable which again 

emphasizes the need for improving adolescents’ sleep behavior to reduce daytime sleepiness. 

The mobile application could be used to achieve this. 

What is noticeable is that on weekdays, teens are awake much longer as compared to 

free days. This is most likely explained by the fact that teens can wake up later on free days as 

they do not have to go to school and in that way increase their total sleep time (Strauch & 

Meier, 1988).  
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Confounding variables 

Possible confounding variables chronotype (MCTQ) and subjective sleep quality score 

(PSQI) were checked and found to be non-significant. For the three time indicators, 

significance for these possible confounding variables was also checked. For all three time 

indicators, the confounding variables were found to be non-significant. These findings are in 

line with the findings from Huiberts, Smolders, and de Kort (2015) were chronotype and 

subjective sleep quality also were not found to be significant confounding variables for 

sleepiness. 

 

8.3 Limitations of this study 

The limitations of the quantitative part of the current study are found in the Experience 

Sampling Method. The biggest limitation in the first data collection round was the use of the 

PACO app to send out messages with short questionnaires. PACO was found to be an 

unreliable method to send messages as some messages were never send while others were 

send multiple times. This led to a total of 305 missings out of 714 messages send in the first 

data collection round. Out of these 305 missings, only 82 were ‘true missings’ meaning that 

these questionnaires were not filled in or ignored by participants, while 223 missings were 

caused by PACO malfunctioning. Future research should therefore make sure to use a reliable 

method for the ESM. 

 A challenge of this study was to measure sleepiness throughout the day but without 

disturbing teens when there were in school. This could only be done by sending messages 

with short questionnaires before school, during breaks, and after school. Because of these 

limited possibilities to send questionnaires, sleepiness could not be measured continuously 

throughout the day. Future research could make use of other methods to measure sleepiness 

continuously throughout the day with for example wearables. The study by Li, Lee, and 

Chung (2015) measured drowsiness in drivers by making use of an EEG headband connected 

with a smartwatch. As compared to a video-based reference, this combination of headband 

and watch was able to detect drowsiness in 91% of the cases. Although this study only 

measured for one hour, it indicates that this method might be a way to reliable measure 

sleepiness levels in teens during the day.  



54 
 

9. General discussion 
 

The current study consisted of two parts, a qualitative focus group study and a quantitative 

experience sampling study and explored ways to improve sleep behavior in adolescents with a 

focus on the potential of a mobile coaching application. The qualitative study explored sleep 

quality and sleep duration amongst adolescents as well as the possibility to improve sleep 

behavior with a mobile application. The quantitative study explored general sleep parameters 

and pre-bedtime behaviors with a general survey and explored feelings of sleepiness across 

three different time indicators; clock time, adolescents’ inner clock, and sleep pressure with 

an experience sampling method. With the results from the two studies, the research questions 

can be answered. 

 

To what extent are adolescents aware of behaviors which could positively or negatively affect 

both sleep duration as well as sleep quality? 

To what extent are adolescents already undertaking actions to improve their sleep behavior 

and/or are they interested in adapting behavioral changes to improve their sleep behavior? 

 

A surprising finding of this study is that adolescents generally do not feel like they 

have sleep difficulties. Therefore they also did not feel the need to undertake actions to 

improve their sleep behavior. This is surprising as the results from the general survey and 

short questionnaires revealed other results. The general survey for example showed that teens 

had an average social jetlag of 2 hours, an average weekly sleep loss of 3 hours, and 

subjective sleep quality as measured with the Pittsburgh Sleep Quality Index showed that 

almost half of the participants had poor sleep quality. Moreover, the different analyses on 

sleepiness during the day and sleepiness as a function of sleep pressure, showed that 

sleepiness during school hours is high. This indicates that there is room for education to make 

teens more aware of their current sleep behavior. 

Adolescents did indicate in the focus groups to be aware of some factors which 

positively or negatively affect their sleep quality or sleep duration, such as playing 

videogames before going to bed, exercising, and mobile phone use before going to sleep. The 

survey on sleep behavior showed that almost all teens engage in some sort of screen-related 

behavior before they go to bed such as social media use, watching TV, or playing video 

games while literature shows the negative effects of screen-related behaviors before going to 

bed (Cain & Gradisar, 2010). There are however some factors which negatively affect sleep 
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(for example watching TV) or positively affect sleep (for example light exposure levels 

during the day) which were not mentioned by adolescents which again indicates that there is 

room for education.  

 

The focus groups also explored what adolescents think about a mobile application to improve 

their sleeping behavior in order to answer the following question: 

 

What do adolescents think of a mobile coaching application which helps them in adapting a 

healthy light exposure regime in order to improve their sleep-wake pattern, sleep quality, and 

daytime sleepiness? 

 

As was mentioned before, teens indicated that they did not feel like they had sleep difficulties 

but if they were to have sleep difficulties, they would try the coaching application to improve 

their sleep. However, teens also indicated some challenges when in designing the mobile 

application, for example that they would find it difficult to comply to the requests of the 

application. In order to comply to the application, they would like to get some sort of extrinsic 

reward in return. Literature shows that an extrinsic motivation could be a good idea when the 

incentive is directly related to performance (Cerasoli et al., 2014). A design implication 

therefore is to create a mobile application where teens can gather points when improving their 

behavior. Also, a ranking system to play against other users would be motivating for teens 

although this should remain an option as some teens indicated that they would not like such a 

function. 

A personalized mobile application with messages containing information on 

adolescents’ sleep data and tips to improve their sleep quality and sleep duration, would be 

the best way to make a coaching application attractive for all adolescents. By providing teens 

with more information on their current sleep behavior and personalized tips to improve them, 

teens will hopefully be more educated. This will hopefully lead to more awareness of factors 

influencing sleep amongst adolescents, such as a healthy light exposure regime, as well as an 

improvement in sleep duration and sleep quality. This could then potentially also be reflected 

in adolescent academic performance. 

 

The results from the experience sampling method revealed that sleepiness varied across all 

three time indicators and that there were differences in sleep behavior on weekdays and free 

days. These results can be used to answer the following research questions: 
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How – and to what extent – so sleep-wake cycles, light exposure patterns, and subjective 

feelings of sleepiness vary over days and across adolescents? 

How can these patterns be implemented in a personalized coaching application to help 

adolescents adapting to a healthy sleep regime? 

 

The current study found that sleepiness varied across clock time, the phase of adolescents’ 

inner clock, and sleep pressure. For sleepiness and clock time and sleepiness and the 

homeostatic sleep drive, sleepiness also varied on weekdays and free days. Moreover, sleep 

behavior (e.g. sleep time and sleep duration) varied on weekdays and free days. These 

patterns could be taken into account in the mobile application to further personalize the 

messages with information and tips to improve sleep behavior. For example by sending 

different messages with tips on weekdays and free days.  

Although the original plan of this study was to look at light exposure patterns and 

sleep-wake patterns and differences in these patterns across adolescents, the current study 

focused on general sleep parameters in sleep behavior and differences in sleepiness amongst 

adolescents. While personal sleep-wake patterns and light exposure patterns would definitely 

be valuable to personalize the mobile application, it was found to be very time consuming to 

determine each participant’s light exposure pattern and personal sleep-wake cycle. The 

current study therefore explored the potential of a mobile application as a tool for adolescent 

in general, by looking at general sleep behavior parameters and feelings of sleepiness amongst 

adolescents. However, adolescents did indicate they wanted a personalized coaching 

application, so further research should again focus on personalized sleep-wake cycles, light 

exposure patterns, and levels of sleepiness across and amongst adolescents. 

As was indicated by the participants of the focus groups, a mobile coaching 

application could potentially be a good way to reach a lot of teens and help them adapt to a 

healthy sleep-wake cycle. It still is a bit controversial to help teens improving their sleep 

duration and sleep quality with a mobile application, while research shows the negative 

effects on sleep disturbances and daytime alertness (Grover et al., 2015; Munezawa et al., 

2011). This concern was also expressed in the focus groups, as participants indicated that a 

mobile phone application might increase mobile phone use. However, mobile phones are a 

great way to reach people across demographics (Militello et al., 2012). A design implication 

for the mobile application could therefore be to block social media interaction at certain times, 

for example right before bedtime as was also indicated by adolescents, and to block 

interaction between the different users of the application. 
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9.1 Implications and suggestions for further research 
 

The current study found that a mobile application could be good tool to help teens to improve 

their sleep behavior and with that daytime sleepiness, and proposed some implications to 

design a personalized application, keep teens motivated to use the application, and to reduce a 

further increase in mobile phone use. Future research should test whether this application, 

after development, can indeed help teens improve their sleep behavior. As was mentioned 

before, to be able to significantly test differences between weekdays and free days, future 

studies should take more free days in their data collection period into account. For example by 

measuring during a normal school week but also during a school-free week. Future research 

could also test if the application also improves academic performance as well as test long-

term effects. 

 As was explained before, the current study did not analyze the collected data on 

adolescents’ light exposure. However, studying light exposure patterns could be very helpful 

to change adolescents’ sleeping behavior as for example sunlight exposure is related to a 

phase advance of the inner clock (Roenneberg et al. 2003) and it might help improve teens 

vitality, alertness and mood (Huiberts et al., 2016; Smolders & de Kort, 2014). Future 

research should therefore also analyze light exposure patterns and see if teens can and should 

improve their light hygiene.   

 Future research should also examine the possibilities to include data from wearables 

measuring sleep and/or activity data such as Fitbit. These wearables can provide app users 

with more insights on their current sleep data and make adolescents more aware of their sleep 

difficulties as they indicated that they did not have sleep difficulties. This data can be used to 

create personalized messages with tips to further improve their sleep behavior. Other ways to 

measure sleepiness could also be explored, for example using physiological markets (such as 

EEG) with person worn sensors to measure sleepiness instead of questionnaires (Li et al., 

2015). 

The current study investigated ways to improve sleep behavior in adolescents as 

literature shows that this age group can experience sleep difficulties (Ming et al., 2011; Polos 

et al., 2015). However, there might be other population groups which might benefit from a 

coaching application as well, for example people with sleep problems and depression (Eller, 

Aluoja, Vasar, & Veldi, 2006). Future research should investigate potential other population 

groups which might benefit from a mobile coaching application and repeat the current study 

to determine design implications for the specific population.  
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10. Conclusion 
 

Although a lot of literature can be found on causes of sleep difficulties amongst adolescents 

and their effects on adolescents’ health and academic performance, not much studies have 

looked at ways to improve these sleeping difficulties. The current study explored ways to 

improve sleep behavior in adolescents with a focus on a mobile coaching application. Not 

only quantitative sleep parameters, pre-bedtime behaviors and feelings of sleepiness during 

the day were explored, also adolescents current sleep behaviors were qualitatively explored as 

well as adolescents’ opinion about a mobile coaching application to help them improve their 

sleep behavior.  

This study found that teens do not feel like they have sleep difficulties although teens 

experience a social jetlag, accumulate a weekly sleep dept, and experience levels of sleepiness 

especially in the morning on weekdays. This indicates that there is room for education to 

make teens more aware of their current sleep behavior and way to improve their behavior. 

Moreover, education is also needed to make teens aware of factors which negatively influence 

sleep duration and sleep quality (such as watching TV before going to bed) as well as factors 

which positively influence sleep duration as well as daytime alertness (increased daytime light 

exposure).  

A mobile coaching application would be a great way to educate teens on these factors 

as well as to send them personalized messages with information and tips to improve their 

sleep behavior. There are still some challenges in designing such an application, for example 

compliance of teens to the requests of the application as well as ways to personalize the 

application with wearables. The mobile application should therefore contain an extrinsic 

motivation to keep teens engaged and should include an social interaction block. Future 

research should investigate the effectiveness of the application in improving adolescents’ 

sleep behavior and academic performance, as well as the use of a mobile application in other 

populations with sleep difficulties. 
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Appendix A, protocol focus groups 
 

Verwelkomen deelnemers 

“Bedankt dat jullie deel willen nemen aan dit onderzoek voor mijn afstudeerproject. Zoals ik(/mijn 

collega Ariane) in de klas heb verteld ga ik/ze slaaptiming en kwaliteit onder tieners onderzoeken en 

daarom ga ik jullie een aantal vragen stellen. Er zijn op deze vragen geen goede of foute antwoorden 

en ik ben erg benieuwd naar jullie meningen en ervaringen. Ik stel de vraag aan de hele groep, dus 

iedereen mag antwoord geven. Probeer elkaar uit te laten spreken maar vul elkaar ook vooral aan. 

Als het goed is hebben jullie het toestemmingsformulier ondertekend meegenomen, zouden jullie 

dat aan mij willen geven? 

Deze focusgroep duurt ongeveer 45 minuten, ik wil jullie vragen om actief deel te nemen en een zo 

volledig mogelijk antwoord te geven op de vragen. Verder wil ik jullie vragen om niet op je telefoon 

te kijken, mochten alle vragen al eerder beantwoord zijn dan zijn we eerder klaar. Aan het einde van 

krijgen jullie een vragenlijst mee, die kom ik(/mijn collega Ariane) volgende week ophalen. De 

vergoeding wordt dan ook uitgedeeld. Hebben jullie nog vragen? 

Om de dataverzameling te vergemakkelijken, maak ik geluidsopnamen van dit gesprek. Ik wil even 

duidelijk maken dat geen persoonlijke gegevens uit deze data gehaald kan worden en dat niemand 

deze data terug kan traceren naar jullie. Heeft iemand bezwaar dit ik dit gesprek opneem? Als er 

geen laatste vragen zijn dan zet ik de opnames aan.” 

Zet opnames aan. 

- Hoe zou je je huidige slaapgedrag omschrijven? Denk hierbij aan hoe lang je slaapt, hoe goed 

of hoe slecht je slaapt. 

o Eventuele doorvraag: hoe zit het met het verschil tussen slaaptijden en slaapkwaliteit 

door de week en in het weekend? 

- Hoe denk je dat het komt dat je goed of slecht slaapt? Denk hierbij aan alle dingen die 

volgens jullie invloed kunnen hebben op hoe je slaapt. 

o Valt het gesprek stil, noem voorbeelden; Technisch: Gamen, tv kijken, scrollen op je 

telefoon. Niet technisch: bezoek, lezen, sport, schoolwerk, bijbaantje 

- Wat zijn dingen die je nu al doet om je slaapgedrag te verbeteren of zo goed mogelijk 

houden?  

o Valt het gesprek stil, noem voorbeelden;  Op tijd naar bed gaan, slaap inhalen, filter 

op telefoon  

o Eventuele doorvraag: als je slecht/te kort hebt geslapen, wat doe je dan overdag om 

je gedurende de dag toch zo fit mogelijk te blijven voelen? 

- Wat voor hulp zou je nuttige vinden om een gezond slaappatroon aan te nemen? Hierbij 

bedoel ik, een voor jou goede hoeveelheid slaap, maar ook slaap kwaliteit en slaap timing. Je 

kunt aan allerlei ideeën denken om je slaapgedrag te verbeteren. 

Vragen voor als iedereen in de groep geen slaapproblemen ervaart: 

- Zou je hulp willen krijgen of nodig hebben om je slaappatroon zo goed mogelijk te houden?  
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“Ik heb jullie net wat algemene vragen gesteld over slaapgedrag en slaapproblemen, ik ga nu iets 

specifieker vragen naar jullie mening over een manier die slaapgedrag zou kunnen verbeteren. We 

hebben namelijk het idee om een mobiele applicatie te maken speciaal voor tieners. Daarom mijn 

vraag:” 

- Wat vinden jullie van een mobiele app die jouw slaapgedrag zou kunnen verbeteren? Je mag 

alles noemen wat er in je op komt. 

- Hoe denken jullie dat een app eruit moet zien om je slaapgedrag te kunnen verbeteren? Dit 

mag van alles zijn, je kunt het papier dat op tafel ligt gebruiken om ideeën op te 

schrijven/toe te lichten of uit te tekenen.  

- Wat moet er in de app staan om je slaapgedrag te kunnen verbeteren?  

o Valt het gesprek stil, noem voorbeelden;  notificaties met tips, extra info over slaap, 

een duidelijk persoonlijk programma waar in staat wanneer je moet gaan slapen of 

sporten etc. Als er gewerkt wordt met notificaties, hoe vaak zouden die dan 

verstuurd moeten worden? 

o Eventuele doorvraag (indien tijd): wat voor elemeneten zou de app moeten bevatten 

om deze aantrekkelijk te maken voor jullie? 

- Als je denkt aan apps die je nu veel gebruikt (bv Facebook, Instragram, Snapchat) wat zijn 

dan dingen uit die apps die je toe zou kunnen passen en een slaapapp? 

 “Dat was al weer mijn laatste vraag voor deze focusgroep, ik wil jullie hartelijk bedanken voor jullie 

deelname! Ik zet nu de opnames af.” 

Deel vragenlijsten uit 

“Zoals ik al eerder gezegd heb, je krijgt nu een vragenlijst mee en die kom ik/mijn collega Ariane 

volgende week in de les weer ophalen. Dan wordt ook de vergoeding uitgedeeld. 

Zijn er nog vragen of willen jullie meer weten over het onderzoek? 

Nogmaals heel erg bedankt voor jullie deelname!” 
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Appendix B, Overview Estimated Marginal Mean values 
 

The tables in Appendix B contain all Estimated Marginal Mean values used in figures 10 to 

14.   

Table 1 contains the EMM values for sleepiness and clock time. 

Table 2 contains the EMM value for sleepiness and clock time for weekdays and free days. 

Table 3 contains the EMM value for sleepiness and the inner clock. 

Table 4 contains the EMM values for sleepiness and the homeostatic sleep drive. 

Table 5 contains the EMM values for sleepiness and the homeostatic sleep drive for weekdays 

and free days. 
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Table 1. Estimated Marginal Means for sleepiness and clock time 

ClockTime  EMM SE 

07:00 1.562 

 

0.060 

 

08:00 1.302 
 

0.084 

09:00 1.571 
 

0.105 

10:00 1.127 
 

0.059 

11:00 1.143 
 

0.065 

12:00 1.105 
 

0.059 

13:00 0.988 
 

0.069 

14:00 1.243 
 

0.121 

15:00 1.333 
 

0.184 

16:00 1.101 
 

0.073 

17:00 1.109 
 

0.064 

18:00 1.039 
 

0.070 

19:00 1.049 
 

0.068 
 

20:00 1.168 
 

0.077 
 

21:00 1.253 
 

0.062 
 

22:00 1.418 
 

0.111 
 

23:00 2.020 
 

0.183 
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Table 2. Estimated Marginal means for sleepiness and clock time, weekdays versus free days 

ClockTime  EMM weekday SE weekday EMM free day SE free day 

07:00 1.573 0.062 1.676 0.353 

08:00 1.275 0.087 1.555 0.253 

09:00 1.394 .163 1.610 0.127 

10:00 1.58 0.066 1.082 0.083 

11:00 1.044 0.073 1.355 0.097 

12:00 1.128 0.065 1.069 0.081 

13:00 1.040 0.077 .844 0.107 

14:00 1.235 0.120 . . 

15:00 1.314 0.182 . . 

16:00 1.122 0.080 1.027 0.133 

17:00 1.169 0.069 0.880 0.112 

18:00 1.068 0.074 0.928 0.151 

19:00 1.021 0.073 1.179 0.120 

20:00 1.227 0.085 0.934 0.141 

21:00 1.295 0.068 1.097 0.099 

22:00 1.334 0.126 1.601 0.207 

23:00 2.039 0.210 1.935 0.351 

Significant pairewise comparisons (p < 0.05) in EMM values on weekdays and free days indicated in bold. Note, no EMM and SE values for sleepiness and 

clock time for clock time 14:00 and 15:00 due to missing observations 
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Table 3. Estimated Marginal means for sleepiness and the inner clock 

TimeSinceMidsleep (in hour) EMM SE 

1 1.590 0.366 

2 1.329 0.173 

3 1.583 0.091 

4 1.573 0.084 

5 1.360 0.084 

6 1.331 0.096 

7 1.131 0.068 

8 1.185 0.078 

9 1.068 0.069 

10 1.010 0.093 

11 1.256 0.122 

12 1.140 0.097 

13 1.115 0.079 

14 1.026 0.077 

15 1.038 0.080 

16 1.085 0.084 

17 1.223 0.079 

18 1.506 0.159 

19 1.656 0.262 
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Table 4. Estimated Marginal Means for sleepiness and the homeostatic sleep drive 

TimeSinceAwake (in hour) EMM SE 

1 1.509 0.060 

2 1.335 0.081 

3 1.003 0.086 

4 1.128 0.067 

5 1.086 0.078 

6 1.107 0.067 

7 1.017 0.090 

8 1.069 0.144 

9 1.071 0.102 

10 1.127 0.085 

11 1.211 0.075 

12 0.098 0.072 

13 1.082 0.073 

14 1.282 0.082 

15 1.310 0.074 

16 1.018 0.259 

17 1.507 0.168 
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Table 5. Estimated Marginal Means for sleepiness and the homeostatic sleep drive, weekdays versus free days 

TimeSinceAwake (in hour) EMM weekdays SE weekdays EMM free days SE free days 

1 1.498 0.061 1.594 0.121 

2 1.367 0.085 1.163 0.163 

3 1.043 0.100 .930 0.127 

4 1131 0.069 1.113 0.134 

5 1.151 0.084 .841 0.141 

6 1.101 0.077 1.108 0.085 

7 1.019 0.112 1.023 0.120 

8 1.363 0.208 0.829 0.181 

9 1.029 0.116 1.148 0.163 

10 1.207 0.092 0.848 0.151 

11 1.258 0.082 1.065 0.121 

12 0.972 0.076 0.990 0.126 

13 1.059 0.075 1.253 0.181 

14 1.339 0.084 0.765 0.209 

15 1.297 0.074 1.753 0.352 

16 1.021 0.252   

17 1.513 0.164   

Significant pairwise comparisons (p < 0.05) in EMM values on weekdays and free days indicated in bold. Note, no EMM and SE values for sleepiness and the 

homeostatic sleep drive  16 and 17 hours since awakening on free days due to missing observations 

 


