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„Wenn du eine weise Antwort verlangst musst du vernünftig 
fragen.“ 

-Johann Wolfgang von Goethe-
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Chapter 1

General introduction
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1.1. Sleep in adolescents
During adolescence most individuals experience a shift in the preferred time of their sleep.

Whereas young children tend to go to bed early in the evening and also wake up 

spontaneously early in the morning, adolescents prefer to go to bed later in the evening and 

also to get up later in the morning (Roenneberg et al., 2004). These changes in sleep timing 

have been reported world-wide (Crowley, Acebo, & Carskadon, 2007; Gradisar, Gardner, & 

Dohnt, 2011) and are at least partly caused by internal biological changes in the circadian 

system as indicated by a delayed dim light melatonin onset (DLMO) (a reliable marker of the 

circadian timing system) in the evening (Carskadon, 2011a; Crowley et al., 2007).

Additionally, external factors, such as less parental control, increased media usage, and 

social activities in the evening, often delay bedtimes and sleep onset times (Dahl & Lewin, 

2002). However, due to school times adolescents have to get up early in the morning. As a 

consequence many adolescents experience sleep problems caused by shortened sleep as 

well as by an accumulating sleep debt in the course of the week. This experienced sleep 

debt during the week is often compensated by extended sleep durations (‘catch-up sleep’) in 

the weekends (Carskadon, 2011a; Crowley et al., 2007). Therefore, in many adolescents the 

misalignment between their endogenous biological time and their social time (early rise 

times due to school start times) results in a so-called social jetlag (i.e. shifting their sleep and 

activity times several hours between the week and weekends). 

Changes in sleep timing and sleep debt in adolescents mainly concern their sleep 

durations. However, an additional aspect of sleep refers to adolescents’ sleep quality. 

Although sleep duration and sleep quality may overlap to some extent, qualitative

differences exist between them. Differences can already be found in the definition of sleep 

duration and sleep quality. Sleep duration is the time somebody is sleeping (e.g., time 

between sleep onset and wake-up time, corrected for intermittent wakefulness), whereas 

sleep quality refers to the subjective indices of how sleep is experienced, including the 

feeling of being rested when waking up and satisfaction with sleep (Pilcher, Ginter, & 

Sadowsky, 1997). Furthermore, correlations between sleep duration and sleep quality 

appear to be low or not significant (Liu & Zhou, 2002; Meijer, Habekothe, & van den 

Wittenboer, 2000). This suggests that sleep quality and sleep duration also differ in their 

impact on daytime functioning including school performance. However, most studies did not 

include both sleep measures in one study design. Due to differences between studies (e.g., 

operationalization, study design), results can not directly be compared. To date, this limits 

the understanding of the effects of adolescents’ sleep on other outcome variables (e.g., 

school performance).
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Indications for the high prevalence of sleep problems come from studies that found that 45% 

of the adolescent population sleep less than 8 hours per night (Gibson et al., 2006; Pagel, 

Forister, & Kwiatkowki, 2007), 11% to 47% report poor sleep (Liu & Zhou, 2002; Russo, 

Bruni, Lucidi, Ferri, & Violani, 2007), and approximately 46% experience daytime sleepiness

(Pagel et al., 2007), which is one of the most obvious and prevalent consequences of 

insufficient and/or poor sleep (Moore & Meltzer, 2008). The negative impact of such sleep 

problems is demonstrated by studies showing that sleep problems are related to

impairments throughout the day, which include negative effects on emotional well-being, 

cognitive performance, behavior, and school performance (Carskadon, 2011b; Curcio, 

Ferrara, & De Gennaro, 2006; Fallone, Owens, & Deane, 2002; Meijer, Reitz, Deković, van 

den Wittenboer, & Stoel, 2010; Mitru, Millrood, & Mateika, 2002; Moore & Meltzer, 2008; 

Wolfson & Carskadon, 2003). As these sleep problems (including insufficient and/or poor 

sleep) often occur over a relatively long time period, they become chronic in many 

adolescents. Therefore, it is not surprising that chronic sleep reduction constitutes a severe 

problem in this age group (Loessl et al., 2008; Meijer, 2008).

Taken together, during adolescence an interaction of intrinsic and extrinsic factors 

causes delayed bedtimes while rise times remain unchanged during the week. Due to this 

interaction, adolescents often experience insufficient and/or poor sleep over a long time 

period, often resulting in chronic sleep reduction. Sleep problems (including insufficient 

and/or poor sleep) are prevalent problems in adolescents and can have severe negative 

effects on adolescents’ functioning throughout the day. 

1.2. The assessment of chronic sleep reduction
As was pointed out in 1.1, chronic sleep reduction is an important phenomenon in 

adolescents, although it remains a concept that is challenging to assess. Most studies 

operationalized chronic sleep reduction in terms of shortened sleep durations over a certain 

time period (Roberts, Roberts, & Xing, 2010; van Dongen, Rogers, & Dinges, 2003). 

However, this operationalization does not account for differences in individual sleep need (i.e. 

the amount of sleep somebody would need to be fully awake and not sleepy during the day), 

which is an important factor for the effects of sleep loss on daytime functioning. A relatively 

new assessment method to measure chronic sleep reduction in adolescents is the Chronic 

Sleep Reduction Questionnaire (CSRQ; Meijer, 2008). The CSRQ is a questionnaire that 

measures symptoms of insufficient and/or poor sleep over a relatively long time period rather 

than assessing for instance sleep duration directly. Based on the assumption that these 

symptoms only occur in individuals that sleep less than the amount of sleep they would need 

to function optimally throughout the day, it accounts for their individual sleep need. 



12

Additionally, as these symptoms may only become present after a longer time period, this 

method also addresses the aspect of chronicity (Meijer, 2008). Although Meijer (2008) 

reported good reliabilities of the CSRQ, the questionnaire has not yet been validated. 

Furthermore, an English version of the CSRQ is highly needed for international studies. 

Research that gains more insight into the psychometric properties of this original 

questionnaire constitutes an important step in adolescent sleep research. 

1.3. Individual differences in vulnerability to sleep loss
Several studies have been conducted that examine the relationship between sleep problems 

and their daytime consequences (e.g., Carskadon, 2011b). However, whether all 

adolescents are equally susceptible to chronic sleep reduction and to its consequences 

remains an important research questions. Rajaraman, Gribok, Wesensten, Balkin, and 

Reifman (2008) demonstrated that performance of sleep-deprived individuals can be 

distinguished by three distinct performance phenotypes: relatively vulnerable to sleep loss, 

relatively average sensitivity to sleep loss, and relatively resilient to sleep loss. Although 

previous studies reported individual differences in vulnerability to sleep loss (Rajaraman et 

al., 2008; van Dongen, Baynard, Maislin, & Dinges, 2004), it is still unknown whether 

comparable individual differences in vulnerability to chronic sleep reduction as 

operationalized by the CSRQ exist. More concretely, this idea suggests that differences in 

performance can be attributed to the amount of adolescents’ chronic sleep reduction as 

measured by the CSRQ. 

1.4. Sleep and stress in adolescents
Empirical evidence from animal as well as from human studies indicates that stress and 

sleep are closely related (Åkerstedt, 2006). Experimental animal studies showed that acute 

stress (Pawlyk, Morrison, Ross, & Brennan, 2008) as well as mild chronic stressors (Cheeta, 

Ruigt, van Proosdij, & Willner, 1997) cause changes in rats’ sleep architecture and 

reductions in their sleep efficiency (Papale, Andersen, Antunes, Alvarenga, & Tufik, 2005). 

The limited findings from human studies support these findings by demonstrating that higher 

stress levels are related to shorter sleep times and poorer sleep quality (El-Sheikh, Buckhalt, 

Keller, & Granger, 2008; Fortunato & Harsh, 2006; Tworoger, Davis, Vitiello, Lentz, & 

McTiernan, 2005). Considering these relationships and the earlier described high prevalence 

of sleep problems in adolescents, research on this topic is extremely relevant.

In addition to this evidence, it has been shown that chronic sleep loss in rats is not 

only a mild activator of the hypothalamic-pituitary-adrenal (HPA) axis, but also affects the 
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subsequent response to stress, indicating that chronic sleep reduction can act as a stressor 

itself (Meerlo, Sgoifo, & Suchecki, 2008). These findings are an important basis for studies 

on adolescents’ sleep as they support the assumption that individuals with high chronic 

sleep reduction may react differently to stressful times than adolescents with low chronic 

sleep reduction.

Experiments that manipulate psychological stressors to measure stress related 

consequences over a longer time (e.g., sleep changes) can involve ethical and 

methodological problems in research with children and adolescents. This may explain why 

this topic has not been addressed by previous studies. A quasi-experiment in a natural 

situation (e.g., during exam weeks) can overcome some of these problems and gives an 

accurate picture of individuals’ stress perception. Therefore, such an approach is an elegant 

way to gain more insight into the effects of stressful times on adolescents’ sleep.

1.5. Sleep extension in adolescents
As explained before, many adolescents experience sleep problems over long time periods, 

which often result in chronic sleep reduction. These sleep problems are at least partly 

caused by an interaction of delayed bedtimes in the evening and early school start times in 

the morning. Although this world-wide occurring phenomenon and its negative 

consequences on adolescents’ daytime functioning has often been studied, to date 

surprisingly few experimental studies have been conducted in adolescents investigating the 

potential benefits of extended sleep times. A limited number of studies in which school start 

times were delayed, providing the opportunity to obtain more sleep, reported positive effects 

on adolescents’ sleep (e.g., sleep durations, satisfaction with sleep) and daytime functioning 

(e.g., daytime sleepiness, mood, attention level, late arrivals at school, school absenteeism, 

and academic performance) (Lufi, Tzischinsky, & Hadar, 2011; O’Malley & O’Malley, 2008; 

Owens, Belon, & Moss, 2010; Wahlstrom, 2002). Despite these findings, for several reasons 

(e.g., interruption of school employees’ schedule, worsening of rush-hour congestion, 

overlap with extracurricular and athletic activities, etc.) the idea of later school start times in 

high schools is often not supported by the society (Kirby, Maggi, & D’Angiulli, 2011).

An alternative for extending adolescents’ sleep by delaying their rise times in the 

morning comes from the idea to extend sleep by advancing bedtimes in the evening. At 

present, Sadeh, Gruber, and Raviv (2003) conducted the only experimental study to

investigate the effects of sleep extension on children’s cognitive performance. In this study 

school-aged children were instructed to either extend or restrict their sleep for three 

consecutive nights. In spite of the promising reported results revealing improvement in sleep 

and some aspects of cognitive performance, there is no evidence replicating this finding and 
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no studies exist that apply this approach to older age groups. This is an important research 

omission as many adolescents sleep less than their individual sleep need and consequently 

suffer from chronic sleep reduction (Meijer, 2008). Therefore, this group of adolescents 

would benefit from extended sleep times in particular. In experimental studies and clinical 

settings sleep extension approaches should take adolescents’ circadian system into account, 

as it changes only slowly. It is therefore necessary to extend their sleep by gradually

advancing their bedtimes in the evening. In addition, as outlined in 1.1, many adolescents 

compensate insufficient sleep during the week by extending their sleep in the weekends, 

resulting in irregular sleep timings and jet-lag like symptoms (Dahl & Lewin, 2002). These

adverse effects can be overcome by preventing bedtime shifts during weekends. Such an 

approach can be used to answer the question whether adolescents are capable of 

advancing their sleep onsets and consequently extending their sleep by gradually advancing 

their bedtimes. Additionally, it sheds more light on the effects of gradual sleep extension on 

sleep and other outcome variables, such as depressive symptoms and cognitive 

performance. 

One interesting outcome measure when manipulating adolescents’ sleep is 

depression. Whether or not gradual sleep extension can diminish depressive symptoms is 

highly relevant as sleep problems are known to have a high co-morbidity with symptoms of 

depression, not only in adults but also in children and adolescents (Gregory & Sadeh, 2012). 

Although most studies reported a significant link between sleep and depression, their 

relationship is extremely complex and most likely bidirectional (Gregory & Sadeh, 2012). 

Sleep deprivation studies showed that mood can be affected by reduced sleep (Dinges et al., 

1997) and longitudinal studies indicated that sleep problems are a potential risk factor for the 

development of depressive symptoms, whereas less evidence was found for the opposite 

relationship (Gregory et al., 2005; Gregory, Rijsdijk, Lau, Dahl, & Eley, 2009). Since earlier 

bedtimes and longer sleep times are associated with less depressive symptoms (Gangwisch

et al., 2010), it may be assumed that extending sleep by advancing bedtimes improves sleep 

and reduces depressive symptoms of adolescents with chronic sleep reduction.

A second important outcome measure is cognitive performance as adolescents have 

to rely on a large amount of cognitive abilities to perform well at school. A recent meta-

analysis in adults showed that total sleep deprivation leads to considerable performance 

deficits of some cognitive domains (e.g., simple attention, working memory), whereas others 

are not significantly affected by sleep (e.g., mental processing, crystallized intelligence) (Lim 

& Dinges, 2010). However, mixed results are reported in cross-sectional studies that 

addressed the question whether or not adolescents’ cognitive performance is related to 

sleep (e.g., Anderson, Storfer-Isser, Taylor, Rosen, & Redline, 2009; Buckhalt, El-Sheikh, & 
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Kelly, 2007; Gradisar, Johnston, & Douglas, 2008; Kopasz et al., 2010; Steenari et al., 2003). 

Although very relevant, not many experimental sleep restriction or sleep deprivation studies 

in children and adolescents have been conducted and results from the existing research are 

inconclusive (Carskadon, Harvey, & Dement, 1981; Randazzo, Muehlbach Schweitzer, & 

Walsh, 1998; Voderholzer et al., 2011; Fallone, Acebo, Arnedt, Seifer, & Carskadon, 2001; 

Gais, Luca, & Born, 2006). As these studies differ in their operationalization of cognitive 

performance and in study design, it is difficult to draw generalizable conclusions. A recent 

meta-analysis that combined different study results to examine the relationship between 

sleep and cognitive performance in children concluded that some cognitive domains, namely 

executive functions and cognitive performance involving multiple cognitive domains, are 

positively affected by longer sleep durations. Interestingly, opposite to findings from adult 

studies, no significant relationship of sleep duration with sustained attention and memory 

was found (Astill, van der Heijden, van IJzendoorn, & van Someren, 2012). However, the 

effects of extended sleep times on adolescents’ cognitive performance are still unknown. 

1.6. Aims of this thesis
The aims of this thesis are (1) to disentangle the effects of different aspects of sleep on 

adolescents’ school performance (Chapter 2), (2) to enhance the knowledge about how 

chronic sleep reduction in adolescents can be measured (Chapter 3 & Chapter 4), (3) to 

examine individual differences in vulnerability to sleep loss (Chapter 5), (4) to gain more 

insight into the relationship between sleep and stress in adolescents (Chapter 6), and (5) to 

investigate the effects of gradual sleep extension on depressive symptoms (Chapter 7) and 

cognitive performance (Chapter 8).

1.7. Outline of this thesis
In the following chapters of this thesis, important and understudied research questions are 

addressed by using different types of studies (meta-analysis, cross-sectional design, quasi-

experimental design, experimental design) and measurements (e.g., self-reports, actigraphy). 

Studies that examine the relation between sleep and school performance are difficult to 

compare as they differ in study design and operationalization of variables. Chapter 2, a 

meta-analysis, answers this question by systematically investigating the effects of different 

aspects of sleep, namely sleep duration, sleep quality, and sleepiness on adolescents’ 

school performance. Although chronic sleep reduction is a common phenomenon in 

adolescents which can have severe effects on their daytime functioning, assessing the 

construct of chronic sleep reduction is challenging. Chapter 3 and Chapter 4 shed more 

light on a relatively new assessment approach, the Chronic Sleep Reduction Questionnaire 
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(CSRQ), by validating an English and a Dutch version of the CSRQ (Chapter 3) and the 

Chronic Sleep Reduction-Short Form (CSRQ-SF) (Chapter 4). In Chapter 5 a cross-

sectional design is used to examine individual differences in vulnerability to sleep loss and 

therefore to answer the question whether all adolescents are equally susceptible to chronic 

sleep reduction and to its consequences. To overcome the ethical and methodological 

problems of conducting research on the effects of stress on sleep in adolescents, Chapter 6
reports data from a quasi-experimental design. Adolescents’ sleep is studied in a situation 

which is naturally characterized by stress (their exam times). Furthermore, in Chapter 6 it is 

examined whether chronic sleep reduction moderates changes in sleep from low-stress to 

high-stress (exam) times. As studies that focus on extending adolescents’ sleep are scarce,

Chapter 7 and Chapter 8 address the question whether adolescents with high chronic sleep 

reduction are capable of gradually advancing their bedtimes and their sleep onsets and 

consequently extending their sleep. Additionally, in Chapter 7 the effects of gradual sleep 

extension on depressive symptoms are investigated. Furthermore, Chapter 8 aims to gain 

more insight into the effects of gradual sleep extension on adolescents’ cognitive 

performance.
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Abstract

Insufficient sleep, poor sleep quality, and sleepiness are common problems in children and 

adolescents being related to learning, memory, and school performance. The associations 

between sleep quality (k = 16 studies, N = 13,631), sleep duration (k = 17 studies, N = 

15,199), sleepiness (k = 17, N = 19,530) and school performance were examined in three 

separate meta-analyses including influential factors (e.g., gender, age, parameter 

assessment) as moderators. All three sleep variables were significantly but modestly related 

to school performance. Sleepiness showed the strongest relation to school performance (r =

0.133), followed by sleep quality (r = 0.096) and sleep duration (r = 0.069). Effect sizes were 

larger for studies including younger participants, which can be explained by dramatic 

prefrontal cortex changes during (early) adolescence. Concerning the relationship between 

sleep duration and school performance, age effects were even larger in studies that included 

more boys than in studies that included more girls, demonstrating the importance of 

differential pubertal development of boys and girls. Longitudinal and experimental studies 

are recommended in order to gain more insight into the different relationships and to develop 

programs that can improve school performance by changing individuals’ sleep patterns.
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2.1. Introduction
Sleep is crucial for children’s and adolescents’ learning, memory processes, and school 

performance.1–3 Research shows that poor sleep, increased sleep fragmentation, late 

bedtimes, and early awakenings seriously affect learning capacity, school performance, and 

neurobehavioral functioning.1–3 Nevertheless, due to methodological differences between 

studies, it is difficult to draw generalizable conclusions about the relationship between sleep 

and school performance. 

Previous research indicates an association between insufficient and poor sleep and 

school performance,1–3 however, no systematic review, such as a meta-analysis, exists 

evaluating the empirical evidence. Meta-analysis is a statistical method combining different 

study results. It enables the discovery of consistencies in a set of seemingly inconsistent 

findings. By obtaining an effect size estimate of the true effect, more accurate conclusions 

can be drawn than in a single study or a narrative review.4 The meta-analysis presented here 

aims at gaining more insight into the relationship between children’s and adolescents’ sleep 

and school performance. 

Problems with initiating and maintaining sleep are common in children and 

adolescents and can be seen as indicative of poor sleep quality. Reported prevalence of 

such problems varies from 11% to 47%.5,6 Furthermore, although empirical evidence 

demonstrates that children and adolescents require an average sleep time of approximately 

9 hours/night7, results revealed that 45% sleep less than 8 hours/night.7,8 Insufficient sleep 

might be caused by an interaction of intrinsic (e.g., puberty, circadian or homeostatic 

changes) and extrinsic factors (e.g., early school start times, social pressure, academic 

workload), leading to later bedtimes while getting up times remain unchanged. Additionally, it 

is known that approximately 20–50% of children and adolescents report daytime 

sleepiness.9,10

Sleep can be defined as an active, repetitive, and reversible state of perceptual 

disengagement from and unresponsiveness to the environment.11 Empirical evidence 

demonstrates an association between sleep and the consolidation of cognitive performance, 

which is required for executive functioning including abstract reasoning, goal directed 

behavior, and creative processing.1,12 The sleep related overnight brain processes are 

thought to influence cognitive, physical, and emotional performance throughout the day.2,13 A 

possible explanation for the association between sleep and cognitive- as well as school 

performance is based on the idea that shortness or disruptions of sleep reduce necessary  

overnight brain activity that is needed for neurocognitive functioning. Complex tasks 

requiring abstract thinking, creativity, integration, and planning are primarily influenced by 

sleep-related problems supporting this view.14 These tasks, representing higher order 
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neurocognitive functioning, are all characterized by an involvement of the prefrontal cortex, 

which is known to be sensitive to sleep.1,15 Based on this evidence, it can be suggested that 

insufficient or low quality sleep during (early) adolescence impairs the executive function of 

the prefrontal cortex16 and consequently the decline of learning abilities and school 

performance.17,18

Sleep quality and sleep duration may be seen as two separate sleep domains. 

Although these sleep domains overlap to some extent, qualitative differences exist between 

them. Sleep quality refers to the subjective indices of how sleep is experienced including the 

feeling of being rested when waking up and satisfaction with sleep.19 Sleep duration, on the 

other hand, is a more objective sleep domain, namely the actual time during which the 

individual is asleep. Correlations between children’s and adolescents’ sleep duration and 

sleep quality are low or not significant,5,20 supporting the idea that sleep quality and sleep 

duration represent two separate sleep domains. Theoretically, it may be that sleep quality 

and sleep duration are not only different in their impact on measures of health and problem 

behavior but also on school performance.1,5,19 Although both sleep domains are associated 

with sleepiness, emotional state, behavior, and cognitive function,13,16 these associations are 

stronger for sleep quality than for sleep duration.19 

The most common direct consequence of insufficient or disrupted sleep is increased 

daytime sleepiness.2,13 Increased daytime sleepiness may lead to reduced alertness and 

compromised daytime functioning of specific brain areas (e.g., the prefrontal cortex), causing 

impaired cognitive functioning.14,21,22 Daytime sleepiness results from either low sleep quality, 

reduced sleep duration, or a combination of the two sleep domains.10 This might explain why 

studies demonstrated more consistently the negative consequences of daytime sleepiness 

on neurobehavioral functioning and school performance rather than of especially sleep

duration.2,23

2.2. Study aim

The study aim of the present meta-analysis is twofold. First, it aims at investigating the 

effects of sleep quality, sleep duration, and sleepiness on school performance by analyzing 

the effects of each sleep domain separately. Second, the study examines possible 

moderating influences of parameter assessment, including the assessment of sleep 

variables as well as the assessment of school performance, gender, and age.
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2.3. Method
2.3.1. Description of identified moderators

A large variety of moderating or mediating factors (e.g., family, motivation, socio-economic 

status, race) can affect the proposed associations (e.g.,3). Although all of them might be 

relevant and influential, inclusion of moderators in a meta-analysis requires reports of their 

descriptive statistics in the majority of studies. As this was not the case for many variables, 

the moderator choice was reduced to parameter assessment, age, and gender.

2.3.2. Parameter assessment

Reliable assessment of sleep variables is a challenging task made increasingly difficult due 

to the usage of different methods, instruments, and definitions between studies.2 Subjective 

measures of sleep characteristics include self-reports and parent reports. However, answers 

to questions about the child’s ‘sleep problem’ or experienced sleepiness are highly 

dependent on parental awareness of their child’s sleep pattern and sleep problems. 1,2 More 

indirect objective methods mainly include polysomnography or actigraphy. Polysomnography 

is an overnight measurement yielding data from multiple sources, such as EEG, EKG, 

oxyhemoglobin saturation, electromyography, and electrooculogram. In contrast to 

polysomnography, being usually done in a sleep laboratory, actigraphy measures bodily 

movements and can be used in the individual’s natural environment, providing information 

over an extended time period (e.g., 1–2 weeks). 

Similarly, various approaches have been used to assess school performance. These 

methodological differences between studies range from subjective strategies (e.g., self-

reported grade point average, parent or teacher reports on the student’s grade, behavior 

ratings, or reports on general school functioning) to objective methods (e.g., grade point 

average from the record, standardized tests). A comparison of school performance is even 

more complex given the variety of rating systems between schools.1

2.3.3. Age

Results revealed that age, reflecting the level of pubertal development, is associated with 

daytime sleepiness. When individuals reach mid-puberty, their experienced sleepiness 

increases relative to their daytime sleepiness level during earlier puberty. It can therefore be 

assumed that mid-pubertal adolescents may need more sleep than younger or older 

adolescents in order to reach the same level of daytime alertness and neurocognitive

functioning.2,16,24
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2.3.4. Gender

Controversial evidence exists regarding the question of whether or not sleepiness or effects 

of sleep reduction and poor sleep quality differ between males and females. Whereas some 

results showed a greater sleep need and higher levels of daytime sleepiness in females than 

in males,24,25 no gender differences were apparent in other studies.26 The inconsistent 

gender effects might be explained by the higher pubertal status of girls, meaning that results 

greatly depend on the sample’s age range.

2.3.5. Selection of studies

The primary search method involved systematic inspection of computerized scientific 

databases (e.g., PsychINFO, PubMed, Educational Resources Information Center (ERIC)). 

The search was reduced to studies being published after 1980. The databases were 

explored with a wide range of keywords entered in varying combinations: ‘sleep’, ‘insomnia’, 

‘sleepiness’, ‘sleep*’, ‘time in bed’, ‘academic performance’, ‘academic achievement’, 

‘academic functioning’, ‘school performance’, and ‘school functioning’. The ancestry method 

was used as a secondary search method, referring to the exploration of reference lists of 

previous reviews and articles that had been identified during the first step. A detailed 

overview of the identification of eligible studies can be found in Figure 1. 

Studies were included if they met the following criteria: a) Participants’ mean age 

ranged from 8 to 18 years. b) Participants represented a sample from the general population. 

Studies were excluded if they specifically included participants with psychiatric, mental, or 

physical illness. Studies explicitly focusing on participants with sleep disorders were also not 

included. An exception was made for studies that assessed insomnia characteristics in the

general population, which was treated as an indication for sleep quality. c) School 

performance was directly assessed by questionnaires, standardized tests, or grade point 

average. Questionnaires measuring ‘school problems’ but not ‘school performance’ were 

excluded from the analyses. d) In studies measuring sleep duration, the exact sleep duration 

had to be measured in minutes. e) In studies addressing sleep quality, sleep quality was 

either assessed by objective measurements (e.g., actigraphy), sleep efficiency, explicit 

questionnaires asking about sleep quality, or an insomnia assessment. In order to meet the 

definition of insomnia assessment, questionnaires had to ask about at least two of the 

following sleep characteristics: sleep latency, intermittent wakefulness, difficulties falling 

asleep, difficulties maintaining asleep, and restorative sleep. f) In studies measuring 

sleepiness, sleepiness had to be measured by direct questions. Fatigue was not used as a 

measure of individuals’ sleepiness. No studies were excluded from the analyses on the basis 

of flawed designs. If studies met the inclusion criteria but could not be retrieved from the 
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databases, authors were contacted and asked for a copy of their publication. If different 

sleep domains were measured but no statistical information about the association with 

school performance was reported or if sleep variables were assessed independently but not 

analyzed separately, authors were asked for the missing information. If differentiation 

between sleep variables was impossible, then those studies were excluded. After effect 

sizes were calculated, authors were contacted again, asking for their agreement with the 

effect size estimations.

Figure 1. Flow chart for the selection of articles

2.3.6. Coding

Two coders coded all studies independently. In the case of discrepancies in coding and/or 

effect size calculation, results were carefully discussed until both coders agreed. Coded 

sample characteristics that were not available in the majority of studies (e.g., socio-economic 

status, Intelligence Quotient (IQ)) had to be excluded from further analyses. Sample 
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characteristics that were included as moderators in the analyses were participants’ mean 

age and gender. Gender was coded by using the percentages of boys included in the study. 

Design and measurement characteristics that were included as moderators in the analyses 

were as follows: a) objectivity of the assessment method of the independent variable 

(questionnaires and interviews were coded as subjective, actigraphy and polysomnography 

were coded as objective methods), b) objectivity of assessment method of the dependent

variable (self-reports, parent reports, or teacher reports were coded as subjective, grades 

from the school record and standardized tests were coded as objective methods), c) 

assessment method of the independent variable (e.g., self-report, parent report, actigraphy),

and d) assessment method of the dependent variable (e.g., standardized tests, self-report).

2.3.7. Calculation and analysis of effect sizes 

Pearson’s r, the correlation coefficient between the sleep variable and the school 

performance variable, served as effect size estimation. If r could not be obtained from the 

publication, other given statistics (e.g., p, χ², or F) were used to estimate r.4 When a study 

did not provide the statistical information necessary to calculate an effect size but reported a 

nonsignificant association, an effect size of 0 was assigned. This is a commonly used and 

conservative strategy that generally underestimates the true magnitude of effect sizes. 

Exclusion of these nonsignificant results from the meta-analysis would result in an 

overestimation of the magnitude of the combined effect size estimates.27 Because r has 

some undesirable statistical properties,4 correlations were transformed to Fisher’s z values. 

Weighted overall effect sizes and confidence intervals were calculated. For the ease of 

interpretation overall effect sizes were transformed back into r. 

If two or more assessments of the same sleep variable were reported separately, 

average effect sizes were calculated. If studies assessed school performance by measuring 

participants’ math, reading, or language ability, the average of the reported outcome scores 

were used as school performance indicator. If grades were reported for different disciplines 

separately, their average was used as school performance measurement. In order to enable 

the inclusion of an interaction term between age and gender in the analyses, both variables 

were centered and multiplied. Dummy coding was used for sleep and school performance 

assessment, using ‘self-report’ as the reference category. If a category (e.g., teacher reports) 

consisted of only one study, the category was excluded from the analyses. One study used a 

combination of self-reports and parent reports to assess sleep quality and sleepiness.28 As 

results could not be separated, this study was not included in the analyses investigating 

sleep assessment effects. Z values larger than 3.3 or smaller than - 3.3 were used to identify 

outlying effect sizes.
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2.3.8. Data analysis

Individual study effect size estimates were analyzed using SPSS macros from Lipsey and 

Wilson4 in order to estimate a population effect size. We chose to conduct a meta-analysis 

for each sleep variable separately because some studies yielded information about effect 

sizes for multiple sleep variables, introducing dependencies between studies that can not be 

accounted for in a combined analysis. Random and fixed effects models were computed. 

The differences between fixed and random effect models concern the way significance 

testing is executed. Significance testing in fixed effects models is based on the total number 

of participants, allowing greater statistical power but limited generalizability. Significance 

testing in the random effects models is based on the total number of studies included in the 

meta-analysis, resulting in lower statistical power but greater generalizability.4,29 In view of 

generalizability we prefer the random effects models. However, considering our limited 

sample size, we also report fixed effects models in order to present a full picture of all effects.

Homogeneity between studies was tested with Q statistics, including Qbetween (Qb) and Qwithin

(Qw) (tested at α = 0.05). Heterogeneity between studies is an indication that differences 

among effect sizes come from some other source than subject-level sampling error, such as 

other study characteristics. Moderators were included in the analysis aiming at explaining 

differences between the effect sizes. As the number of studies in all analyses was rather 

small, moderator effects were tested separately.

2.4. Results
2.4.1. Description of studies

The majority of the studies was cross-sectional in design. One study was a longitudinal 

study.30 In this case it was decided to include only the first time of measurement in order to 

make results comparable to the other studies. In three cases more than one article was 

based on the same sample. Including all studies would violate the assumption of 

independence. Therefore, we decided to include the study that provided the most 

information about the effect sizes or which was the most recent publication.31–33 Twenty-six 

studies were included in the present meta-analysis assessing the relationship between one 

of the sleep domains and children’s and adolescents’ school performance. Sixteen studies 

addressed sleep quality (N= 13,631), 17 studies sleep duration (N= 15,199), and 17 studies 

sleepiness (N= 19,530). No outlying effect sizes were identified. Effect sizes of r ≤ 0.10, r =

0.25, and r ≥ 0.40 were considered as indices of small, medium, and large effects, 

respectively.4 Tables 1–3 provide an overview of all studies with effect sizes for each sleep 

domain separately. Figures 2–4 demonstrate the effect sizes with sampling variances for 

each study.
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Table 1. Studies assessing the relationship between sleep quality and school performance 
included in the analysis

Author Year N % boys Mean age Sleep 
assessment

School 
performance 
assessment

r z

Al-Sharbati  42             2002 277 65.34 10.50 self-report self-report 0.196 0.199
BaHammam et al. 43       2006 1012 50.50 9.50 parent report parent report 0.133 0.134
Bruni et al.  44           2006 262 53.41 9.60 parent report teacher report 0.168 0.170
Chung & Cheung 45            2008 1339 50.76 14.82 self-report self-report 0.041 0.041
Giannotti et al.  46         1997 3040 40.52 17.00 self-report self-report 0.060 0.060
Horn & Dollinger   47     1989 239 49.79 12.00 self-report grades 0.000 0.000
Keller et al. 32 2008 124 46.00 8.73 actigraphy standardized tests 0.153 0.154
Lazaratou et al.  48        2005 713 44.46 16.50 self-report self-report 0.120 0.121
Mayes et al.49          2008 412 52.00 8.60 polysomnography standardized tests -0.060 -0.060
Meijer & van den Wittenboer 50 2004 127 52.94 11.70 self-report self-report 0.048 0.048
Meijer 18                   2008 378 50.46 11.50 self-report self-report 0.194 0.196
Meijer 51 2008 158 61.40 14.55 self-report grades 0.192 0.194
Pagel et al. 9         2008 165 50.00 14.00 self-report self-report 0.000 0.000
Salcedo Aguilar et al.  52 2005 1155 46.49 14.00 self-report self-report 0.088 0.088
Warner et al  53             2008 310 36.00 16.04 self-report self-report 0.054 0.054
Wiater et al.  28 2008 3920 n.a. 10.00 self-report/parent 

report
parent report 0.148 0.149

Note. N = sample size; r = Pearson’s correlation coefficient; z = Fisher’s z transformation of Pearson’s correlation coefficient

Table 2. Studies assessing the relationship between sleep duration and school performance 
included in the analysis  

Note. N = sample size; r = Pearson’s correlation coefficient; z = Fisher’s z transformation of Pearson’s correlation coefficient 

Author Year N % boys Mean age Sleep 
assessment

School 
performance 
assessment

r z

BaHammam et al. 43             2006 1012 50.50 9.50 parent report parent report 0.073 0.073
Bruni et al. 44           2006 262 53.41 9.60 parent report teacher report -0.071 -0.071
Chung & Cheung 45           2008 1339 50.76 14.82 self-report self-report 0.072 0.072
Drake et al.   54         2003 410 51.90 12.80 self-report self-report 0.160 0.161
Eliasson et al.  55       2002 1200 n.a. 14.50 self-report self-report 0.000 0.000
Fredriksen et al. 30       2004 2259 50.40 12.50 self-report self-report 0.130 0.131
Giannotti et al. 56       1997 888 47.07 9.90 parent report parent report 0.110 0.110
Keller et al. 32 2008 124 46.00 8.73 actigraphy standardized tests 0.193 0.195
Lazaratou et al. 48        2005 658 44.46 16.50 self-report self-report 0.001 0.001
Loessl et al. 57              2008 601 44.90 15.40 self-report self-report 0.088 0.088
Meijer & van den Wittenboer 50 2004 129 52.94 11.70 self-report self-report 0.182 0.184
Meijer 18               2008 386 50.46 11.50 self-report self-report 0.075 0.075
Meijer  51 2008 146 35.60 14.55 self-report grades 0.152 0.153
O'Brien & Mindell 58     2005 205 n.a. 16.62 self-report self-report 0.082 0.082
Perez-Chada et al. 59   2007 2210 50.00 13.30 parent report grades 0.065 0.065
Warner et al. 53        2008 310 36.00 16.04 self-report self-report 0.007 0.007
Wolfson & Carskadon 60  1998 3060 48.00 16.08 self-report self-report 0.060 0.060
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Table 3. Studies assessing the relationship between sleepiness and school performance included in 
the analysis

Author Year N % boys Mean age Sleep
assessment

School 
performance 
assessment

r z

Chung & Cheung 45       2008 1339 50.76 14.82 self-report self-report -0.078 -0.078
Bruni 44 2006 262 53.41 9.60 parent report teacher report -0.160 -0.161
Drake et al. 54    2003 410 51.9 12.80 self-report self-report -0.150 -0.151
Giannotti et al. 46 1997 3040 40.52 17.00 self-report self-report -0.060 -0.060
Giannotti et al. 56         1997 888 47.07 9.90 parent report parent report -0.090 -0.090
Joo et al. 33      2005 3871 69.83 16.8 self-report grades -0.066 -0.066
Keller et al. 32         2008 124 46.00 8.73 self-report standardized 

tests
-0.280 -0.288

Loessl et al 57    2008 566 44.9 15.40 self-report self-report -0.013 -0.013
Meijer 18        2008 394 50.46 11.50 self-report self-report -0.286 -0.294
Meijer 51 2008 160 38.10 14.55 self-report grades -0.177 -0.179
Meijer & van den Wittenboer 50 2004 128 52.94 11.70 self-report self-report -0.075 -0.075
O'Brien & Mindell 58   2005 380 57.10 16.62 self-report self-report -0.110 -0.110
Pagel et al. 9           2008 165 50.00 14.00 self-report self-report -0.149 -0.150
Perez-Chada et al. 59      2007 2210 50.00 13.30 self-report grades -0.193 -0.195
Saarenpää-Heikkilä et al. 31 2000 518 48.26 13.25 self-report self-report -0.074 -0.074
Salcedo Aguilar et al. 52 2005 1155 46.49 14.00 self-report self-report -0.080 -0.085
Wiater et al. 28          2008 3920 n.a. 10.00 self-report/parent 

report
parent report -0.270 -0.277

Note. N = sample size; r = Pearson’s correlation coefficient; z = Fisher’s z transformation of Pearson’s correlation coefficient 
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2.4.2. Sleep quality and school performance

The meta-analysis yielded a small overall effect size (z = 0.100; p < 0.001 (CI [0.083;0.117]), 

r = 0.100, fixed model; z = 0.096; p < 0.001 (CI [0.061;0.153]), r = 0.096, random model),

indicating that better sleep quality is associated with better school performance. As 

homogeneity analysis yielded a significant result (Q(15)= 45.060, p < 0.001), representing a 

significant variability in effect sizes between studies, moderator analyses were conducted. 

Table 4 gives the results for both fixed and random model analyses for each moderator 

variable separately. In fixed effects models the moderators age (β = -0.501; p < 0.001) and 

objectivity of sleep assessment (β = -0.386; p = 0.009) were significant, indicating that larger 

effects were found for studies including younger participants and for studies using subjective 

sleep assessment methods. Results revealed that parent reports of their children’s sleep 

resulted in significantly larger effects (β = 0.374; p = 0.035) and objective assessment 

methods in significantly smaller effects (β = -0.349; p = 0.050) when compared to self-

reports. Furthermore, effects in studies using parent reports as the school performance 

assessment were significantly larger than effects in studies using self-reports (β = 0.619; p < 

0.001). However, heterogeneity remained present in most fixed effects models. When 

random effects models were computed, none of the moderators reached significance.

2.4.3. Sleep duration and school performance

The meta-analysis yielded a small overall effect size (z = 0.071; p < 0.001 (CI [0.055;0.087]), 

r = 0.071, fixed model; z = 0.069; p < 0.001 (CI [0.043;0.095]), r = 0.069, random model), 

indicating that more sleep is associated with better school performance. As the homogeneity 

analysis yielded a significant result (Q(16)= 34.666, p = 0.004), moderator analyses were 

conducted (see Table 5 for an overview). A significant age*gender interaction (β = 0.587; p =

0.015 fixed; β = 0.652; p = 0.021 random) and a main effect of age (β = - 0.591; p = 0.010, 

fixed; β = - 0.526; p = 0.049, random) were found. That means that the effects of age 

depend on participants’ gender. Effect sizes were larger for studies including younger 

participants than for studies that included older participants. This age effect was stronger for 

studies that included more males than for studies that included more females. Again, in 

some models heterogeneity continued to be present.
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Table 4. Moderators of effect sizes for studies on sleep quality

Moderator k r β Qb Qw

Age
Fixed 16 0.100 -0.501** 11.290** 33.770**
Random 16 0.096 -0.222 0.349 16.909

Gender (% boys)
Fixed 15 0.080 0.226 1.63 30.319**
Random 15 0.089 0.169 0.446 15.145

Age* gender 
Fixed 15 0.080 2.732 29.214**

Age -0.262
Gender 0.154
Age* gender -0.184

Random 15 0.090 0.674 12.411
Age -0.133
Gender 0.150
Age* gender -0.182

Objectivity of sleep assessment
Fixed 16 0.100 -0.390** 6.836** 38.224**
Random 16 0.096 -0.393 2.754 15.038

Objectivity of school performance assessment
Fixed 16 0.100 -0.185 1.545 43.515**
Random 16 0.096 -0.127 0.258 15.859

Method of sleep assessment
Fixed 15 0.080 9.13* 22.818**

self-report (k = 11) reference
parent report (k = 2) 0.374*
objective measurement (k = 2) -0.349*

Random 15 0.088 4.414 14.386
self-report (k = 11) reference
parent report (k = 2) 0.291
objective measurement (k = 2) -0.350

Method of school performance assessment
Fixed 15 0.098 17.226** 26.547**

self-report (k = 9) reference 
parent report (k = 2) 0.619**
objective measurement (k = 4)  -0.032

Random 15 0.092 2.635 15.684
self-report (k =9) reference
parent report (k = 2) 0.374
objective measurement (k = 4) -0.019

Note. k = number of studies; r = correlation coefficient, Qb = Q statistic between studies (index of variability between the group 
means); Qw = Q statistic within studies (index of variability within the groups) * p < 0.05 ** p < 0.01
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Table 5. Moderators of effect sizes for studies on sleep duration

Moderator k r β Qb Qw

Age
Fixed 17 0.071 -0.400* 5.454* 29.213**
Random 17 0.069 -0.345 2.272 16.786

Gender (% boys)
Fixed 15 0.076 0.284 2.267 25.928*
Random 15 0.075 0.199 0.6627 16.017

Age* gender 15 0.076 10.926* 17.268
Fixed

Age -0.591*
Gender -0.237
Age* gender 0.587*

Random 15 0.075 7.870 11.558
Age -0.526*
Gender -0.337
Age* gender 0.652*

Objectivity of school performance assessment
Fixed 17 0.071 0.055 0.104 34.563**
Random 17 0.069 0.207 0.709 15.778

Method of sleep assessment
Fixed 16 0.070 0.016 32.760**

self-report (k = 12) reference
parent report (k = 4) -0.022

Random 16 0.067 0.055 15.195
self-report (k = 12) reference
parent report (k = 4) -0.06

Method of school performance assessment
Fixed 16 0.073 0.758 28.630**

self-report (k = 11) reference
parent report (k = 2) 0.159
objective measurement (k = 3) 0.062

Random 16 0.074 0.867 12.540
self-report (k = 11) reference
parent report (k = 2) 0.176
objective measurement (k = 3) 0.217

Note. k = number of studies; r = correlation coefficient, Qb = Q statistic between studies (index of variability between the group 
means); Qw = Q statistic within studies (index of variability within the groups) * p < 0.05 ** p < 0.01
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Table 6. Moderators of effect sizes for studies on sleepiness

Moderator k r β Qb Qw

Age
Fixed 17 -0.134 0.822** 105.153** 50.564**
Random 17 -0.130 0.656** 11.346** 15.018

Gender (% boys)
Fixed 16 -0.099 0.119 0.812 56.513**
Random 16 -0.118 0.058 0.044 13.234

Age* gender 
Fixed 16 -0.099 24.800** 32.524**

Age 0.695
Gender -1.255
Age* gender 1.210

Random 16 -0.115 5.469 12.239
Age 0.565
Gender -0.161
Age* gender -0.108

Objectivity of school performance assessment
Fixed 17 -0.135 0.137 2.938** 152.779**
Random 17 -0.133 -0.149 0.215 9.427

Method of sleep assessment
Fixed 16 -0.099 0.026 57.298**

self-report (k = 14) reference
parent report (k = 2) -0.021

Random 16 -0.117 0.007 15.091
self-report (k = 14) reference
parent report (k = 2) 0.022

Method of school performance assessment
Fixed 16 -0.135 64.873** 90.685**

self-report (k = 10) reference
parent report (k = 2) -0.701**
objective measurement (k = 4) -0.171

Random 16 -0.131 1.1233 11.459
self-report (k = 10) reference
parent report (k = 2) -0.221
objective measurement (k = 4) -0.275

Note. k = number of studies; r = correlation coefficient, Qb = Q statistic between studies (index of variability) between the group 
means); Qw = Q statistic within studies (index of variability within the groups) * p < 0.05 ** p < 0.01

2.4.4. Sleepiness and school performance

The meta-analysis yielded a small overall effect size (z = - 0.135; p < 0.001 (CI [- 0.149;-

0.121]), r = - 0.134, fixed model; z = -0.134; p < 0.001 (CI [-0.182;-0.085]), r = - 0.133, 

random model), indicating that lower sleepiness scores are associated with better school 
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performance. As the homogeneity analysis yielded a significant result (Q(16) = 155.717, p < 

0.001), moderator analyses were conducted (see Table 6 for an overview). Age was a 

significant moderator in fixed as well as in random effects models (β = 0.823; p < 0.001, 

fixed; β = 0.656; p < .001, random), meaning that larger effects were found in studies 

including younger children than in studies including older children. In fixed effects models the 

results revealed that studies that assessed school performance by using parent reports 

reported significantly larger effects than studies that used self-reported school performance 

(β = - 0.69; p < 0.001). Heterogeneity remained present in some fixed effects models.

2.4.5. Publication bias

A common problem concerning meta-analytic research is the problem of publication bias, 

which refers to the phenomenon that many studies may remain unpublished because of 

small effect sizes or nonsignificant findings.4,34 One way of examining what effect publication 

bias could have on the meta-analytic results can be achieved by inspecting the distribution of 

the individual study’s effect sizes on the horizontal axis against its sample size, standard 

error, or precision (the reciprocal of the standard error) on the vertical axis. If no publication 

bias is present, the distribution of the effect size should be shaped as a funnel. A violation of 

funnel plot symmetry reflects publication bias: that is a selective inclusion of studies showing 

positive or negative outcomes.4 In the present meta-analysis funnel plot symmetry was 

tested by adding the standard error as a moderator to the random effects model. This 

regression weight did not become significant for sleep quality (β = 0.013; p = 0.958), sleep 

duration (β = 0.168; p = 0.488), and sleepiness (β = -0.204; p = 0.510). Additionally, rank 

order correlations (Spearman’s rho) between effect size estimates and sample size were 

calculated. Correlations for sleep quality (rs= 0.309; p = 0.228), sleep duration (rs = - 0.380; 

p = 0.133), and sleepiness (rs = 0.309; p = 0.228) did not reach significance. Based on these 

analyses it can be concluded that no publication biases were present.

2.5. Discussion
With the present meta-analysis we get individual estimates of the different effects of sleep 

quality, sleep duration, and sleepiness on children’s and adolescents’ school performance. 

Inspection of the three confidence intervals indicated the presence of statistically significant 

differences. As the confidence intervals of sleep quality, sleep duration, and sleepiness 

hardly overlap, it can be concluded that the association between sleep duration and school 

performance is significantly smaller than the association between sleep quality and school 

performance, which again is significantly smaller than the association between sleepiness 

and school performance. This finding is supported by previous research demonstrating that 
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the negative consequences of daytime sleepiness on neurobehavioral functioning and 

school performance are more consistent compared to the sometimes inconsistent effects of 

sleep duration.2,23 Moreover, the low correlation generally found between sleep duration and 

sleep quality raises the idea of two separate sleep domains, which is in line with the finding 

that sleep quality and sleep duration have different contributions to school performance.19

Smaller effects of sleep duration might be caused by the fact that this sleep domain does not 

control for individual sleep need and individual vulnerability to sleep loss, being defined as 

the magnitude of performance impairment given a fixed amount of sleep reduction.35 As 

these concepts are difficult to measure, it could be argued that sleepiness or chronic sleep 

reduction18 might be better constructs for estimating the consequences of sleep reduction or 

poor sleep. Furthermore, these overall results highlight the need to treat sleep duration, 

sleep quality, and sleepiness as separate sleep variables in future research.

All three overall effect sizes were rather small. An explanation for the modest effect 

sizes could be found in a time gap between the time point at which sleep was measured and 

the time point to which school performance assessment refers, which can result in less

reliability and lower correlations. Another possible explanation is that most studies measured 

sleep and performance as rather stable constructs and did not investigate the relationship 

between changes in sleep and changes in school performance, which may result in stronger 

associations. That is, when measuring the correlation between changes rather than the 

correlation between stable characteristics, other important variables that influence school 

performance (e.g., community Socio Economic Status (SES), general life style3) or sleep, 

(e.g., sleep environment2) remain stable, resulting in a much purer estimation of the true 

relationship between sleep and school performance. Future research should concentrate on 

such effects by conducting longitudinal research or controlling for influential variables, aiming 

at developing programs that improve sleep and consequently school performance. 

Furthermore, the study investigated the role of possible moderating influences within 

these associations. Subjective sleep quality measures showed a stronger relationship with 

school performance than objective measurements. Differences between subjective and 

objective sleep quality measures are a common phenomenon. It can be explained by the 

usage of different sleep quality definitions, large individual differences in the experience of 

sleep quality, and finally a subjective sleep quality component (e.g., feeling rested), which 

might not be captured by objective measurements.36 The present result empathizes the need 

to combine different types of sleep quality measures in future research and compare 

differences between subjective and objective measurements. The results revealed that 

studies using parent reports to assess sleep quality showed larger effects on participants’ 

school performance than studies using self-reports. These effect size differences, being 
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caused by the sleep quality assessment method, support the idea that parental awareness 

of their child’s sleep can be rather limited. It is not possible at present to indicate whether or 

not similar measurement differences hold for the assessment of sleep duration and 

sleepiness because no study used an objective sleepiness measurement and only one study 

assessed sleep duration by using actigraphy. No differences between self-reports and 

parent reports were found for sleep duration and sleepiness, however, as the number of 

studies using parent reports was rather small, differences might not be detected. More 

research is needed in order to answer this question. 

Studies examining the association between sleepiness and school performance and 

sleep quality and school performance reported larger effects when school performance was 

measured by parent reports than when school performance was measured with self-reports. 

Objective measurements did not differ from self reports in all three analyses. As effect size 

differences between studies using objective measurements or self-reports to assess school 

performance could not be explained by the assessment method, the results indicate that 

self-reports can be seen as a valid method of measuring participants’ school performance. 

However, again the number of studies using parent reports or objective measurements was 

rather small. More research, optimally including multi-measure approaches, is needed in 

order to shed more light on possible differences in effect sizes being caused by school 

assessment methods.

The associations of sleep quality, sleep duration, and sleepiness with school 

performance were stronger in studies including younger participants than in studies that 

included older participants. This is in line with prior research that demonstrated that with 

maturation adolescents experience a decrease in sensitivity to sleep deprivation and 

extended wakefulness.37,38 Furthermore, research showed a stronger association between 

sleep quality and neurobehavioral functioning in younger children than in older children.39 

Higher vulnerability to poor sleep, insufficient sleep, and sleepiness could explain the effect 

size differences as important prefrontal cortex development occur during (early) 

adolescence.40 This life time is especially characterized by dramatic prefrontal cortex 

changes in structural architecture and functional organization that decline throughout 

adolescence.40 We can assume that the influence of low sleep quality, insufficient sleep, and 

sleepiness on prefrontal cortex functions and therefore also on cognitive functioning and 

school performance is larger during early rather than later adolescence. An age by gender 

interaction and a significant main effect for age were found for the relationship between 

sleep duration and school performance. Larger effects were present for studies including 

younger participants than for studies including older participants. This age effect was larger if 

studies included more males than if studies included more females. This finding can be 
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explained by differences in sleep need between males and females due to females’ earlier 

pubertal development.

The present meta-analysis has some limitations: First, as the sample mainly 

consisted of cross-sectional studies, the association between sleep and school performance 

can be of bidirectional nature. Only the application of an experimental or longitudinal design 

can address the question of causality. To the authors’ knowledge no such study exists 

examining the effects of different sleep domains on school performance. Results from a 

previous study41 revealed that sleep extension and sleep restriction of only 1 hour/night for 

three days have significant effects on children’s neurocognitive functioning and memory. 

Another study showed that sleep restriction during one school week caused a significant 

increase in teacher-rated academic problems.42 These studies indicate that even slight 

temporary reductions in sleep could have an effect on individuals’ school performance. 

Therefore, experimental and longitudinal designs on this topic can contribute to deeper 

insight into causal effects of the association between sleep and school performance.

Second, many studies being included in this meta-analysis were not designed to 

examine the relation between sleep and school performance, which limits the detection of 

moderating effects. Important moderators that could not be tested were, for instance, socio-

economic status, IQ, performance motivation, emotional problems, behavioral problems, or 

physical health.1,3,9,18,43 Heterogeneity between studies which remained present even after 

moderators were included could be explained by this limitation.

Third, not all moderator effects reached significance in the random effects models. 

Significance testing in random effects models is based on the total number of studies being 

included in the analysis, which resulted in low power in the present analyses. This might 

explain why some significant moderating effects were only found when fixed effects models 

were fitted to the data but not when random effects models were fitted. The results of fixed 

effects models have limited generalizabilty, meaning that conclusions concerning parameter 

assessment and the age effect for sleep quality have to be reduced to the studies that were 

included in the present study and cannot be generalized to other potential studies.

In summary, it can be concluded that all three sleep domains have a small but 

significant effect on children’s and adolescents’ school performance. However, to be able to 

draw clear conclusions more research is much needed, including experimental and 

longitudinal studies, within this clinically important scientific field. Only such research can 

result in the development of programs that might improve school performance by changing 

children’s and adolescents’ sleep pattern.
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Practice points
1. Poor sleep quality, insufficient sleep, and sleepiness are significantly associated with 

worse school performance.

2. We recommend educating children, adolescents, parents, and schools about the 

importance of sleep for school performance. As part of this, education about sleep 

hygiene can be given in order to improve the sleep of children and adolescent and 

consequently school performance.

3. Attention should be drawn to the development of prevention and treatment programs 

that focus on the sleep of children and adolescents.

Research agenda
1. Treating sleep duration, sleep quality, and sleepiness as separate sleep domains has 

to be considered in studies being conducted in the future.

2. Future research should concentrate on comparing the effects of subjective and 

objective measurements within the same study in order to investigate possible 

parameter assessment differences.

3. Examining sleep and school performance within chronologically comparable 

measurement moments.

4. Identification of the role of gender, possibly interacting with age, is needed.

5. Experimental and longitudinal investigation of the effects of sleep on the school 

performance of children and adolescents is needed. An important goal for future 

research is to focus on possible long-term effects of sleep on school performance 

and to develop programs to improve school performance by changing sleep patterns.
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“A well-spent day brings happy sleep.”

-Leonardo da Vinci-
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Abstract

Although adolescents often experience insufficient and/or poor sleep, sleep variables such 

as total sleep time do not account for individuals’ sleep need and sleep debt and may 

therefore be an inadequate representation of adolescents’ sleep problems and their daytime 

consequences. This problem can be overcome by using the Chronic Sleep Reduction 

Questionnaire (CSRQ), an assessment tool that measures symptoms of chronic sleep 

reduction and therefore accounting for sleep need and sleep debt. The present study aims at 

developing an English version of the CSRQ and assesses the reliability and validity of the 

Dutch and the English CSRQ version. The CSRQ was administered in large Dutch (n = 166, 

age = 15.2 ± 0.57 years, 28% male) and Australian (n = 236, age = 15.5 ± 0.99 years, 65% 

males) samples. Subjective sleep variables were measured with surveys and sleep diaries of 

five school nights. Additionally, sleep of the same five nights was monitored with actigraphy. 

Both CSRQ versions showed good psychometric properties concerning their reliability 

(Dutch: α = 0.85; English: α = 0.87) and validity as the same overall structure of the two 

CSRQ versions and significant correlations with subjective and objective sleep variables 

were found. School grades were related to chronic sleep reduction, whereas the relationship

between grades and other sleep variables was weak or absent. These results highlight the 

idea that chronic sleep reduction may be a better indicator of adolescents’ insufficient and/or 

poor sleep than other sleep variables such as total sleep time.
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3.1. Introduction
Adolescents sleep less than younger children, although it has been shown that their 

objective need for sleep does not decrease during the pubertal transition (Carskadon et al., 

1993). Eleven to 47% of adolescents report poor sleep (Liu and Zhou, 2002; Russo et al., 

2007), and more than 50% sleep less than the ideal 9 h per night (Gibson et al., 2006). This 

phenomenon can be caused by an interaction of intrinsic (e.g. puberty, circadian and/or 

homeostatic changes) and extrinsic factors (e.g. social pressure, academic workload) 

causing later bedtimes, while rise times remain unchanged due to early school start times 

(Wolfson and Carskadon, 2003). As most adolescents experience these sleep problems 

over a long period of time, it can be assumed that many suffer from chronically reduced 

sleep (Loessl et al., 2008; Meijer, 2008). Over time, chronic sleep reduction can result in 

severe psychological and physiological consequences, such as behavioural problems, poor 

emotional wellbeing, impaired cognitive and school performance and even detrimental 

neurobiological changes (Curcio et al., 2006; Mitru et al., 2002; Moore and Meltzer, 2008; 

Wolfson and Carskadon, 2003).

The problem of chronic sleep reduction during adolescence is a worldwide existing 

and well-known phenomenon. However, due to a lack of consensus concerning the definition 

and operationalisation of chronic sleep reduction, studies differ in methodology with most 

studies using shortened or restricted sleep during a few nights (Roberts et al., 2011; van 

Dongen et al., 2003a,b). A reliable and valid instrument assessing chronic sleep reduction in 

adolescents may contribute highly to the comparability and replicability of data. Furthermore, 

such an assessment tool is needed for educational and clinical purposes in order to measure 

chronic sleep reduction and its severe consequences on adolescents’ daytime functioning.

Although shortened sleep is often present during adolescence, sleep duration may 

not always be the best indicator of adolescents’ chronic sleep reduction, with studies 

reporting severe effects of sleepiness [but not total sleep time (TST)] on different aspects of 

daytime functioning (e.g. school performance, cognitive functioning) (Anderson et al., 2009; 

Moore and Meltzer, 2008; Moore et al., 2009). One possible explanation could be that 

insufficient sleep, leading to sleep debt, has to be interpreted in reference to one's individual 

sleep need (Anderson et al., 2009; Moore et al., 2009; van Dongen et al., 2003a,b). However, 

complex concepts such as sleep debt or sleep need are often difficult to operationalise, 

especially in non-controlled laboratory studies. Because the manifestation of sleep debt in 

relation to one’s sleep need is evident in the symptoms of insufficient sleep, it has been 

speculated that symptoms of chronic sleep reduction that are present during the day give a 

more accurate picture of chronic sleep reduction than measures of total sleep time or sleep 

quality itself. Therefore, Meijer (2008) developed the Chronic Sleep Reduction Questionnaire 
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(CSRQ). The CSRQ, consisting of the subscales ‘shortness of sleep’, ‘irritation’, ‘loss of 

energy’ and ‘sleepiness’, assesses chronic sleep reduction by measuring its symptoms 

throughout the day. The four subscales of the CSRQ are based on existing research 

investigating the (long-term) symptoms of insufficient and/or poor sleep in adolescents. The 

subscale ‘shortness of sleep’ comes from evidence showing that restricted sleep in 

adolescents is not only prevalent but even becomes chronic in up to 54% of adolescents 

(Roberts et al., 2011). These findings indicate that restricted sleep is an important aspect of 

chronic sleep reduction. The subscale ‘sleepiness’ is based on research showing that 

daytime sleepiness is one of the most obvious and direct effects of insufficient and/or poor 

sleep (Dahl, 1999; Millman, 2005; Pilcher et al., 1997) that can impair individuals’ daytime 

functioning (e.g. cognitive functioning, school performance). Furthermore, long-term effects 

of insufficient and/or poor sleep affect individuals’ physical and emotional wellbeing, resulting 

in the subscales ‘loss of energy’ and ‘irritation’ (Dahl, 1999, 2006; Millman, 2005; Pilcher et 

al., 1997).

The CSRQ has been tested in Dutch (pre)adolescents (Meijer, 2008) and represents 

an easy and cost-efficient way to assess symptoms of chronic sleep reduction. However, in 

order to gain more insight into chronic sleep reduction in adolescents from different countries 

and to make cross-cultural comparisons, an English version of the questionnaire is highly 

needed for use in international sleep research and clinical practice. The aim of the present 

study is to develop an English version of the CSRQ and to assess the reliability and validity 

of the Dutch and English CSRQ questionnaire. We use the internal consistency of the 

questionnaires to assess reliabilities. In order to validate both questionnaires, we compare 

the factor structure of the Dutch CSRQ in a Dutch adolescent population to the factor 

structure of the English CSRQ in an English-speaking population. All Dutch data were 

independent of the data being used in the original study. Furthermore, we relate both CSRQ 

versions to subjective (survey, sleep diaries) and objective (actigraphy) school night sleep 

variables [e.g. TST, time in bed (TIB), sleep efficiency, sleep debt]. As it is known that 

chronically sleep-restricted individuals show significant declines in cognitive performance 

(van Dongen et al., 2003a,b), we also investigated the relationship between CSRQ and 

school performance.

3.2. Method
3.2.1. Participants

Participants were recruited from five high schools in and around Amsterdam and from five 

high schools in Adelaide and Outer Adelaide. All Dutch participants were attending years 3 

or 4 of the highest high school level in the Netherlands. All Australian participants were 
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attending years 9, 10 or 11. Successful completion of year 12 in Australia and year 6 in the 

Netherlands offers students the opportunity to apply for competitive entry to university. The 

Dutch sample consisted of 166 adolescents [28% male; mean age = 15.2 ± 0.57 years (age 

range: 12.2–16.5 years)] and the English-speaking Australian sample of 236 adolescents 

[65% male, mean age = 15.5 ± 0.99 years (age range: 13.3– 18.9 years)]. Eighty per cent of 

Australian parents were married or lived together, with 19% separated or divorced. Dutch 

families were comparable, with 76% of Dutch parents being married or living together, 19% 

being separated or divorced and the remaining parents having indicated ‘other’ (e.g. 

widowed).

3.2.2. Procedure

The study was conducted with the approval of the University of Amsterdam Review Board, 

the Social and Behavioural Research Ethics Committee of Flinders University and the 

Department of Education and Children’s Services (South Australia) Ethics Committee. Active 

informed consent was obtained from participating schools, parents and adolescents. Survey 

data on demographics and sleep were collected during school times. Sleep diary and 

actigraphy data were collected for the following five school nights (Sunday–Thursday night), 

as five nights of actigraphy are known to be a reliable sample to describe adolescents’ sleep 

patterns (Acebo et al., 1999). Afterwards, the CSRQ was administered as a paper version 

for the Australian adolescents and as an electronic version for the Dutch adolescents. Pen-

and-paper administration has been found to be comparable to online administration with 

adolescents (Kraut et al., 2004).

3.2.3. Measures

3.2.3.1. Chronic Sleep Reduction Questionnaire

Chronic sleep reduction was measured using the CSRQ (Meijer, 2008). The 20-item CSRQ 

consists of four scales: ‘shortage of sleep’ (six items), ‘irritation’ (five items), ‘loss of energy’ 

(five items) and ‘sleepiness’ (four items) with reference to the previous 2 weeks. Each 

question has three ordinal response categories ranging from 1 to 3, with higher scores 

indicating more chronic sleep reduction. Cronbach’s α in a pre-adolescent population was 

0.84 (Meijer, 2008). For the development of the English CSRQ version, the Dutch 

questionnaire was translated into English. Two independent people who were not involved in 

the study and unfamiliar with the CSRQ translated all items back into Dutch; differences 

were discussed and corrected by native English speakers. The English CSRQ version can 

be found in Appendix 1.
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3.2.3.2. Sleep and outcome variables

3.2.3.2.1. Survey

3.2.3.2.1.1. Time in bed
TIB (survey) on school nights (Sunday–Thursday night) was measured by calculating the 

time between participants’ rise time and usual bedtime on school nights as reported in the 

survey. Answers were given in hours and minutes.

3.2.3.2.1.2. Sleep need

In order to assess sleep need, participants were asked in the survey to indicate how much 

sleep they would need to feel well rested during the day and function optimally. Answers 

were given in hours and minutes.

3.2.3.2.1.3. School performance
Participants were asked about the grades that they mainly received at school. Answers for 

the Dutch samples consisted of five categories ranging from ‘4 or lower’ (reflecting a clear 

‘fail’ in the Netherlands) to ‘9/10’ (the highest grades that can be achieved in the 

Netherlands). The answers for the Australian sample consisted of eight categories ranging 

from ‘D’ and ‘E’ (reflecting a clear ‘fail’ in Australia) to ‘A’ (the highest grade that can be 

achieved in Australia). Differences in the number of answer categories result from different 

grading systems in the two countries. However, as both samples rated their grades on 

ordinal categories that represent an accurate picture of the Dutch and Australian grading 

system, we consider the two measurements as being comparable.

3.2.3.2.2. Sleep diaries

3.2.3.2.2.1. Time in bed

TIB (diary) on school nights (Sunday–Thursday nights) was measured by calculating the

time between participants’ mean rise time on school days and mean bedtime on school 

nights as reported in the sleep diaries. Participants reported their exact rise time and 

bedtime in hours and minutes.

3.2.3.2.2.2. Sleep duration
Sleep duration (diary) on school nights (Sunday–Thursday nights) was assessed by 

calculating the time between participants’ mean sleep offset and mean sleep onset as

reported in the sleep diaries. Participants reported their sleep onset time and sleep offset 

time in hours and minutes.
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3.2.3.2.2.3. Sleep efficiency
Subjective sleep efficiency (diary), representing the percentage of sleep duration relative to 

the time spent in bed, was calculated by dividing sleep duration by TIB from the sleep diaries 

and multiplying this number by 100.

3.2.3.2.3. Actigraphy
Participants’ sleep activity was monitored using AW4 actiwatches in the Dutch sample 

(Cambridge Neurotechnology Ltd, Cambridge, UK) and MicroMini Motionloggers (Micro-

Miniloggers; Ambulatory Monitoring Inc., Ardsley, New York, USA) in the Australian sample. 

Actigraphy involves use of a wristwatch-like portable device that can record movements over 

an extended period of time (e.g. a few weeks). Actigraphy is known to be a reliable and valid 

measure to study sleep in a natural environment (Kushida et al., 2001; Morgenthaler et al., 

2007). Participants were instructed to wear the actigraph on their non-dominant wrist when 

they went to bed and remove it in the morning after they got up. The following sleep 

parameters were calculated from the data collected on school days: (i) sleep onset latency 

(SOL): time between individuals’ bedtime and sleep onset, (ii) sleep duration: time between 

sleep onset and sleep offset; (iii) total sleep time (TST): number of minutes that individuals 

actually slept, which is the time between sleep onset and sleep offset corrected for number 

of wake times during the sleep time; and (iv) sleep efficiency [defined as (TST/TIB) * 100]: 

percentage of uninterrupted night sleep. In both samples information about betimes (bedtime 

and rise time) from the sleep diaries was used to define the sleep scoring interval (Acebo et 

al., 1999). In the Dutch sample nocturnal activity data were logged at 1-min epochs and 

scored with the Actiwatch Sleep Analysis 7 (Cambridge Neurotechnology Ltd, Cambridge, 

UK) software. As recommended by the manufacturer, we used the medium sensitivity sleep 

algorithm. It has been shown that this algorithm corresponds well with polysomnographic 

estimates (Kushida et al., 2001). In the Australian sample noctural activity data were logged 

in 1-min epochs using zero crossing modes, with a sensitivity of 0.05 g and a frequency 

range of 2–3 Hz. Data were analyzed with the Action W2 software using the Sadeh algorithm. 

Sleep onset was defined as the first of three consecutive epochs of actigraphic sleep at the 

beginning of the scoring interval. Sleep offset was defined as the last of at least five 

consecutive epochs of actigraphic sleep at the end of the scoring interval.

3.2.3.2.4. Sleep debt
Sleep debt, defined as the difference between the amount of sleep someone would need

and their reported sleep time, was calculated by subtracting individuals’ TST from their sleep 

need.
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3.2.4. Statistical analysis

Multi-group confirmatory factor analysis (CFA) was used to investigate the factorial structure 

of the CSRQ, as well as the invariance of factor model parameters across groups. As the 

CSRQ items have three response options, we analysed polychoric correlations and 

thresholds. The assumption of fixed thresholds enables estimation of (relative) means, 

variances and covariances of latent continuous variables underlying the polytomous items. 

As we cannot assume multivariate normality, we relied on the scaled Satorra–Bentler χ2

statistic of overall goodness-of-fit and the associated root mean square error of 

approximation (RMSEA). RMSEA values below 0.05 and 0.08 are considered to indicate 

‘close’ and ‘satisfactory’ fit, and RMSEA values above 0.08 and 0.10 are considered 

‘unsatisfactory’ and ‘bad’ (Browne and Cudeck, 1992). The factor analyses were conducted 

with Lisrel, a computer program for structural equation modeling (Jöreskog and Sörbom, 

2006).

First, we investigated the factorial structural of the CSRQ items by testing whether 

the four-factor structure that was found previously (Meijer, 2008) applies to both the Dutch 

and the Australian sample. Secondly, we tested whether the factors have the same meaning 

across samples by testing across-group equality constraints on the factor loadings. Thirdly, 

we tested whether the CSRQ items are equally ‘difficult’ to Dutch and Australian adolescents

by testing additional across-group equality constraints on the intercepts. If such an intercept 

constraint does not hold, this means that it is easier to respond ‘yes’ to an item in one 

language than in another even though the underlying sleep reduction is equivalent. In other 

words, with intercept constraints we test whether Dutch participants with the same degree of 

chronic sleep reductions as Australian participants would choose the same answer category 

of the item. Fourthly, we tested whether a single higher-order factor model fits the data of 

both samples and, fifthly, whether the higher-order factor loadings are the equivalent, which 

would indicate a single higher-order chronic sleep reduction factor for both language 

versions of the CSRQ. If (partial) invariance of factor loadings and intercepts holds, then we 

can additionally test equivalence of Dutch and Australian common factor means. Across-

group equivalence of factor loadings and intercepts can be tested through χ2 difference tests. 

However, as calculating differences between the scaled Satorra–Bentler χ2 values is 

plagued by problems (Satorra and Bentler, 2010) that cannot be solved when analysing 

polychoric correlations in multi-group factor analysis, we relied upon the 90% confidence 

intervals (CI) of the RMSEA values instead. 

In order to further validate the CSRQ, we calculated correlations of the total CSRQ 

score and its four subscales with the other sleep variables as well as with school 

performance. Reliabilities of both CSRQ versions and their subscales were calculated using 
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Cronbach’s α, a measure of internal consistency. Differences in sleep patterns between the 

two adolescent samples were tested using independent sample t-tests.

Table 1. Means and standard deviations for both samples

Dutch (N=166) Australian (N=236) t-test

Age (yrs) 15.15 (0.57) 15.52 (0.99) 4.29**

CSRQ 33.69 (6.71) 35.81 (6.97) 3.09** ¹

Survey (school nights)

Sleep need (hr:min) 09:02 (00:59) 09:20 (00:58) 3.15**

Time in bed (hr:min) 08:29 (00:37) 08:35 (00:52) 1.44 n.s.

Sleep diary (school nights)

Time in bed (hr:min) 08:33 (00:38) 08:45(00:46) 2.79**

Sleep duration (hr:min) 07:44 (00:46) 08:27 (00:46) 9.55***

Sleep efficiency 90.49 (3.01) 96.66 (3.01) 14.79***

Actigraphy (school nights)

Total sleep time (hr:min) 6:50 (00:33) 6:47 (00:50) -0.57 n.s.

Sleep onset latency (hr:min) 00:23 (00:14) 00:23 (00:01) 0.48 n.s.

Sleep duration (hr:min) 08:04 (00:36) 08:03 (00:43) -0.22 n.s.

Sleep efficiency 80.04 (6.28) 77    77.79 (9.57) -2.66**

Sleep debt (hr:min) 02:12 (01:05) 02:33 (01:11) 3.13**

Note. CSRQ = Chronic Sleep Reduction Questionnaire

¹ Due to two items having different measurement properties, the absolute CSRQ scores should not be compared 
across samples and different norm scores for the two CSRQ versions should be developed (see Discussion). 
Time in bed (survey) = Time between bed time and rise time as reported in the survey
Time in bed (diary) = Time between bed time and rise time as reported in the sleep diary
Sleep duration (diary) = Time between sleep onset and sleep offset as reported in the sleep diary
Sleep efficiency (diary) = Sleep duration (diary)/Time in bed (diary) *100
Total sleep time = Minutes of actually obtained sleep
Sleep duration (actigraphy) = Time between sleep onset and sleep offset measured with actigraphy
Sleep efficiency (actigraphy) = Total sleep time/Time in bed (diary) *100
Sleep debt = Total sleep time – sleep need

3.3. Results 
3.3.1. Descriptive statistics: sleep variables

Means and standard deviations (SD) for both samples’ sleep variables and CSRQ scores 

are given in Table 1. Survey data show that the two samples did not differ significantly in 

their time spent in bed. However, Australian adolescents reported a higher sleep need than 

Dutch adolescents. Sleep diary data showed significant differences on sleep duration, TIB 

and sleep efficiency. TST, SOL and sleep duration from the objective sleep measures were 

of comparable size in both samples. Australian adolescents had lower sleep efficiencies and 
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more sleep debt than Dutch adolescents; however, these differences can be contributed to 

differences in TIB as reported in the sleep diaries and different sleep needs as reported in 

the survey. Furthermore, Australian adolescents reported significantly more chronic sleep 

reduction than Dutch adolescents.

3.3.2. Factor structure of the CSRQ

The factor model fit for the Dutch and the English CSRQ version was satisfactory for the 

Dutch (χ2 = 166.75, p = 0.00; RMSEA = 0.062; 90% CI 0.048; 0.075) and good for the 

English version (χ2 = 256.56, p = 0.00; RMSEA = 0.049; 90% CI 0.037; 0.060), allowing us 

to proceed with the subsequent steps. Table 2 gives the χ2 and RMSEA values for all 

models. 

Table 2. Goodness of fit statistics
df χ² p RMSEA 90% CI

Model 1 328 502.44 0.00 0.052 0.042; 0.060

Model 2 344 535.21 0.00 0.053 0.044; 0.061

Model 3 360 816.43 0.00 0.080 0.072; 0.087

Model 4 358 620.44 0.00 0.061 0.052; 0.068

Model 5 362 627.62 0.00 0.061 0.052; 0.068

Model 6 365 631.40 0.00 0.060 0.052; 0.068

Note. Model 1: First order CFA; Multi-group analysis without equality constraints

Model 2: First order CFA; Multi-group analysis with equality constraints on the factor loadings
Model 3: First order CFA; Multi-group analysis with equality constraints on the factor loadings and intercepts
Model 4: First order CFA; Multi-group analysis with equality constraints on the factor loadings and intercepts (item 6 and 9 freed)
Model 5: Second order CFA; Multi-group analysis with equality constraints on the factor loadings and intercepts (item 6 and 9 
freed)
Model 6: Second order CFA; Multi-group analysis with equality constraints on the factor loadings, intercepts (item 6 and 9 freed) 
and factor loadings of the latent factor; 

χ² = Satorra-Bentler Scaled Chi-Square; df = degrees of freedom; RMSEA = Root Mean Square Error of Approximation; 
90%  CI = 90% Confidence interval

First, our results show the same overall structure for both CSRQ versions (model 1). When 

factor loadings were constrained to be equal across the two groups (model 2), no significant

changes in model fit occurred, indicating that the four common factors have the same 

interpretation in the two language versions. However, the hypothesis of equivalent intercepts 

did not hold across samples (model 3). Stepwise modification of the model, allowing varying 

intercepts of item 6 (I oversleep in the morning) and item 9 (Do other people think that you 

react angrily when they ask you for something or say something to you?), yielded a close 

model fit (model 4). The RMSEA value of this model still lies within the CI of the RMSEA for 

model 2. The higher intercepts for items 6 and 9 in the English version indicated that, given 
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equivalent chronic sleep reduction, Australian participants were more likely to score high on 

items 6 and 9 than were Dutch participants. Parameter estimates and common factor 

correlations of model 4 are given in Figure 1. With at least partial invariance of factor 

loadings and intercepts established, we can now compare the common factor means of each 

factor for the Australian and the Dutch groups. The results show that the Australian sample 

had higher scores for the subscales ‘irritation’, ‘loss of energy’ and ‘sleepiness’ than the 

Dutch sample; however, the opposite was true for ‘shortness of sleep’ (see Figure 1). A high 

correlation of 0.83 and 0.91 between the factors ‘sleepiness’ and ‘loss of energy’ was 

observed for the Dutch and the Australian sample, respectively, suggesting that the two 

factors represent a single construct. However, a three-factor model that combines the two 

factors did not fit as well as the four-factor model (χ2 = 654.20, p = 0.00; RMSEA = 0.063; 

90% CI 0.055; 0.070).

Inspired by the original work of the CSRQ (Meijer, 2008), we also investigated 

whether or not the four latent factors (‘irritation‘,‘shortness of sleep‘,‘loss of energy‘ and 

‘sleepiness‘) can be considered as measurements of a single higher-order factor, namely 

chronic sleep reduction. Both model 5 and model 6 (with additional equality constraints on 

second-order factor loadings) resulted in satisfactory model fit (see Table 2). We conclude 

that the higher-order factor chronic sleep reduction seems to be a good representation of the 

four latent variables for both groups.

To summarise, our results show that the CSRQ has the same structure in the two 

samples, behaves comparably and that the majority of items can be interpreted similarly. 

However, Australian participants were more likely to score highly on items 6 and 9 than 

Dutch participants. Furthermore, we showed that the four latent factors can be represented 

by a higher-order factor, namely chronic sleep reduction.

3.3.3. CSRQ scales

As a measure of reliability (internal consistency) that resulted from the common factor

analyses, Cronbach’s αs were calculated for the four scales. Cronbach’s α was satisfactory 

for all scales for both groups (Dutch sample: CSRQ: α = 0.85; ‘shortness of sleep’: α= 0.60; 

‘irritation’: α = 0.66; ‘loss of energy’: α = 0.76; ‘sleepiness’: α = 0.74; Australian sample: 

CSRQ: α = 0.87; ‘shortness of sleep’: α = 0.68; ‘irritation’: α = 0.65; ‘loss of energy’: α = 0.71; 

‘sleepiness’: α = 0.80).
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Note.  NL = Dutch sample; OZ = Australian sample

For the Australian sample we obtained the following common factor means (Dutch sample was used as reference group; fixed 
at zero): Irritation: .44; Loss of energy: .22; Shortness of sleep: -.26; Sleepiness: .33

Figure 1. Parameter estimates for the common factor model: Factor loadings, intercepts and 
common factor correlations. 

3.3.4. The relationship of the CSRQ with sleep and school performance

Inspection of the distribution of scale scores showed that some sleep variables and school 

performance were not distributed normally. We transformed these data using different 

transformation algorithms (e.g. log transformations, square root transformations). As 

correlations for the transformed sleep scores were very similar to those of the original scores, 

we used the original scores for further analyses. Concerning school performance, we used 

the data that contained the logarithmic values of the original school performance variable. 

Table 3 reports correlations between the total CSRQ, its four different subscales, sleep 

variables and school performance for the Dutch and Australian samples, respectively.
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Table 3. Correlations between the CSRQ, the CSRQ subscales, sleep variables and school 
performance

CSRQ Irritation Loss of energy Shortness of sleep Sleepiness

Australian sample (N=236)

Survey 
School performance -0.18 (p ≤ 0.01) -0.04 (p = 0.56) -0.17 (p ≤ 0.01) -0.14 (p = 0.04) -0.15 (p = 0.02)
Sleep need 0.14 (p = 0.03) 0.03 (p = 0.70) 0.16 (p = 0.02) 0.15 ( p = 0.02) 0.05 (p = 0.45)
Time in bed (survey) -0.29 (p ≤ 0.001) -0.16 (p = 0.01) -0.24 (p ≤ 0.001) -0.22 (p = 0.001) -0.33 (p ≤ 0.001)

Sleep diary

Time in bed (diary) -0.14 (p = 0.04) -0.07 (p = 0.28) -0.11 (p = 0.11) -0.15 (p = 0.03) -0.21 (p = 0.001)
Sleep duration (diary) -0.20 (p ≤ 0.01) -0.08 (p = 0.24) -0.17 (p = 0.01) -0.22 (p = 0.001) -0.26 (p ≤ 0.001)
Sleep efficiency (diary) -0.21 (p < 0.01) -0.03 (p = 0.60) -0.19 (p ≤ 0.01) -0.22 (p = 0.001) -0.15 (p = 0.02)

Actigraphy
Total sleep time (actigraphy) -0.09 (p = 0.17) -0.13 (p = 0.06) -0.01 (p = 0.85) -0.08 (p = 0.21) -0.10 (p =0.12)
Sleep onset latency (actigraphy) 0.34 (p ≤ 0.001) 0.12 (p = 0.07) 0.24 (p ≤ 0.001) 0.35 (p ≤ 0.001) 0.33 (p ≤ 0.001)

Sleep duration (actigraphy) -0.18 (p ≤ 0.01) -0.12 (p = 0.06) -0.13 ( p = 0.05) -0.16 (p = 0.02) -0.22 (p = 0.001)
Sleep efficiency (actigraphy) 0.01 (p = 0.92) -0.07 (p = 0.26) 0.06 (p = 0.35) 0.02 (p = 0.74) 0.05 (p = 0.46)
Sleep debt (actigraphy) 0.18 (p ≤ 0.01) 0.11 (p = 0.09) 0.14 (p = 0.03) 0.19 (p ≤ 0.01) 0.11 (p = 0.08)

Dutch sample (N = 166)

Survey 

School performance -0.26 (p ≤ 0.001) -0.12 (p = 0.13) -0.23 (p ≤ 0.01) -0.10 (p=0.23) - 0.19 (p = 0.02)
Sleep need 0.26 (p ≤ 0.001) 0.10 (p = 0.22) 0.12 (p = 0.12) 0.17 (p = 0.03) 0.10 (p = 0.22)
Time in bed (survey) -0.21 (p ≤ 0.01) -0.10 (p = 0.20) -0.07 (p = 0.36) -0.23 (p ≤ 0.001) - 0.18 (p = 0.02)

Sleep diary
Time in bed (diary) -0.12 (p = 0.15) -0.09 (p = 0.27) -0.04 (p = 0.61) -0.19 (p = 0.01) -0.02 (p = 0.81)
Sleep duration (diary) -0.29 (p ≤ 0.001) -0.16 (p = 0.04) -0.22 (p ≤ 0.01) -0.35 (p ≤ 0.001) -0.16 (p = 0.04)
Sleep efficiency (diary) -0.29 (p ≤ 0.001) -0.14 (p = 0.07) -0.28 (p ≤ 0.001) -0.29 ( p ≤ 0.001) -0.22 (p ≤ 0.01)

Actigraphy
Total sleep time (actigraphy) -0.12 (p = 0.14) -0.04 (p = 0.61) -0.08 (p =0.28) -0.20 (p ≤ 0.01) -0.02 (p = 0.77)
Sleep onset latency (actigraphy) 0.22 (p ≤ 0.01) -0.01 (p = 0.90) 0.21 (p ≤ 0.01) 0.19 (p = 0.01) 0.22 (p ≤ 0.01)
Sleep duration (actigraphy) -0.19 (p = 0.01) -0.07 (p = 0.37) -0.17 (p = 0.03) -0.21 (p ≤ 0.01) -0.10 (p = 0.19)
Sleep efficiency (actigraphy) -0.01 (p = 0.93) 0.03 (p = 0.66) -0.05 (p = 0.51) -0.01 (p = 0.87) -0.01 (p = 0.95)
Sleep debt (actigraphy) 0.32 (p ≤ 0.001) 0.11 (p = 0.14) 0.16 (p = 0.04) 0.28 (p ≤ 0.001) 0.11 (p = 0.18)

Note. Time in bed (survey) = Time between bed time and rise time as reported in the survey
Time in bed (diary) = Time between bed time and rise time as reported in the sleep diary
Sleep duration (diary) = Time between sleep onset and sleep offset as reported in the sleep diary
Sleep efficiency (diary) = Sleep duration (diary)/Time in bed (diary) *100
Total sleep time = Minutes of actually obtained sleep
Sleep duration (actigraphy) = Time between sleep onset and sleep offset measured with actigraphy
Sleep efficiency (actigraphy) = Total sleep time/Time in bed (diary) *100
Sleep debt = Total sleep time – sleep need 

In both samples the total CSRQ was correlated with most sleep variables in the expected 

directions. High chronic sleep reduction was related to less time spent in bed and to a higher 

sleep need as reported in the survey. Furthermore, the CSRQ was associated significantly 
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with shorter sleep durations and lower sleep efficiencies from the sleep diaries. TIB from the 

sleep diaries was the only variable from the diaries that was not related to chronic sleep 

reduction in the Dutch sample. Although this correlation was significant in the Australian 

sample, correlation coefficients were of comparable size (Dutch sample r = - 0.12 and 

Australian sample r = - 0.14). Concerning the actigraphy measurements, individuals with 

high chronic sleep reduction had significantly longer SOLs, shorter sleep durations (time 

between sleep onset and sleep offset) and more sleep debt. Interestingly, the CSRQ was not 

related to objectively measured TST and sleep efficiency. As hypothesized, chronic sleep 

reduction was related strongly to school performance in both samples, with participants 

scoring high on the CSRQ reporting worse school performance than participants scoring low 

on the CSRQ. Except for chronic sleep reduction, we only found significant correlations with 

school performance for SOLs in both samples (Dutch: r = - 0.18, p < 0.05; OZ: r = - 0.15, p < 

0.05) and for sleep debt in the Dutch sample (r = - 0.18; p < 0.05). No significant correlations 

between school performance and the other sleep variables were found (all ps > 0.05).

We also calculated the correlations between the CSRQ subscales with the other 

sleep variables and school performance. Differences of correlations across samples turned 

out to be insignificant (χ² =47.02; df = 44; p = 0.35), indicating equivalence across the Dutch 

and the Australian sample. In both samples especially the subscale ‘shortness of sleep’

showed significant correlations with most other sleep variables, whereas the subscale 

‘irritation’ was less associated with sleep as measured by the survey, sleep diaries and 

actigraphy (see Table 3).

3.4. Discussion
The Dutch CSRQ is a questionnaire that measures chronic sleep reduction by assessing 

symptoms of chronic insufficient and/or poor sleep. In this sense, it accounts for individual 

differences in sleep need and sleep debt. The questionnaire represents an easy and cost-

effective way to measure chronic sleep reduction in adolescents. However, an English 

version of the CSRQ is highly needed in order to compare study results and to assess 

chronic sleep reduction in the clinical setting. Therefore, the present study developed an 

English version of the CSRQ and assessed the reliabilities and validity of both CSRQ 

versions.

The same overall structure of the questionnaire was found for both samples, and it 

was shown that both CSRQ versions consist of the same common factors. Nevertheless, 

although highly correlated, the four-factor model fitted better than models with fewer factors, 

indicating that the four CSRQ factors measure different aspects of chronic sleep reduction. 

Based on our study, we can conclude that the English CSRQ version measures the same 
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constructs as the original Dutch CSRQ version, supporting the validity for both the original 

measurement and the English version. Cronbach’s αs were satisfactory for both CSRQ 

versions, being comparable to reliabilities reported by the original study (Meijer, 2008).

These results indicate satisfactory internal consistency of both CSRQ versions.

Although we found the same overall structure of the CSRQ in both samples, two 

items differed in ‘difficulty’, meaning that, given an equivalent degree of chronic sleep 

reduction, Australian participants were more likely to score higher on item 6 (I oversleep in 

the morning) and item 9 (Do other people think that you react angrily when they ask you for 

something or say something to you?) than Dutch participants. The difference in item 6 may 

be due to language differences, as ‘angrily’ may, for instance, have a weaker loading than 

‘boos’ (the Dutch equivalent). In combination with the result that Australian adolescents had 

higher CSRQ scores than Dutch adolescents, this finding indicates that absolute CSRQ 

scores of the two questionnaires should not be compared directly. In order to make such 

cross-cultural comparisons, different norm scores (including clinical cut-off scores) for 

different populations are needed and should be developed in future studies. However, at 

present the two CSRQ versions can be used for research purposes when comparing 

relationships with other outcome variables in different samples.

We attempted to administer the CSRQ in two comparable samples; however, 

adolescents differed on important characteristics such as age and gender that are known to 

influence sleep patterns as well as daytime functioning. Despite these differences between 

the two samples, the CSRQ behaved comparably in both groups, again supporting the 

validity of the questionnaire. Concerning differences between samples with respect to the 

CSRQ, the common factor means can be seen as a more valid comparison of the sample 

than total CSRQ score, showing that Australian adolescents scored lower on the subscale 

‘shortness of sleep’ and higher on the other three subscales than Dutch adolescents.

We validated the CSRQ against subjective (survey, sleep diary) and objective 

(actigraphy) sleep variables and additionally related it to school performance as an indication 

for cognitive and daily functioning. With one exception in the Dutch sample (TIB from the 

sleep diaries), the CSRQ was related significantly to the other subjective sleep variables, 

meaning that adolescents with higher CSRQ scores experienced worse sleep efficiency, had 

shorter sleep durations and reported spending less time in bed. Objectively measured SOL 

and sleep duration (time between sleep onset and sleep offset) were related significantly to 

the CSRQ in both groups, meaning that individuals with longer SOLs or shorter sleep 

durations reported more chronic sleep reduction than adolescents with shorter SOLs or 

longer sleep durations. Furthermore, chronic sleep reduction and sleep debt were correlated 

highly in both samples. These findings support our expectation and strengthen the validity of 
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the CSRQ, especially because similar relationships were found in the two independent 

samples.

The positive relationship between SOL and chronic sleep reduction in both samples 

is of high interest as it could be argued that chronic sleep reduction should lead to shorter 

SOL because sleep reduction and sleep debt may cause immediate sleep onset after going

to bed. However, chronic sleep reduction may also be present in adolescents suffering from 

(mild) insomnia and delayed sleep phase syndrome, which are prevalent worldwide 

occurring problems in this age group (Gradisar et al., 2011). Long SOLs are common 

characteristics in these sleep disorders and may explain the result of the present study. As 

the limited research on chronic sleep reduction as measured by a specific chronic sleep 

reduction tool, does not enable us to compare our findings with other studies that support or 

contradict our results, future studies should try to gain more insight into this interesting 

association.

In order to gain more insight into the different relationships of the four different CSRQ

subscales, we also investigated their relationships with the sleep variables and school 

performance separately. The relationships turned out to be equivalent across samples. In 

both groups the subscale ‘shortness of sleep’ showed significant correlations with most of 

the other sleep variables, whereas the subscale ‘irritation’ was less associated with sleep as 

measured by the survey, sleep diaries and actigraphy. Conversely, this finding highlights the 

importance of including different symptoms of chronic sleep reduction. As individual 

differences manifest in the relation of sleep debt to sleep need, they may also play a role in 

the symptoms of chronic sleep reduction and the way in which these symptoms are 

perceived. Based on the high correlations that we found between the subscales, one can

speculate that the effects of sleep (e.g. sleep duration) on emotional and/or behavioural

symptoms (e.g. irritation) may occur rather indirectly via the other chronic sleep reduction 

symptoms (e.g. the perception of not getting enough sleep). Conversely, the somewhat low 

correlations of the ‘irritation’ subscale with the other sleep variables and its possible overlap 

with internalizing and externalizing problems raises the question of whether or not this 

subscale represents a valid symptom that should be used when measuring chronic sleep 

reduction in the future. Although it was shown that adolescents’ irritability is related to sleep 

problems (e.g. Dahl, 1999) and that the possible overlap with internalizing and/or 

externalizing problems refers to a general bidirectional problem (Gregory and Sadeh, 2012), 

it can be argued that irritability is not a universal symptom of chronic sleep reduction that can 

be observed in all adolescents. Future research needs to determine the extent to which 

irritation is a response to chronic sleep reduction for all adolescents and, if not, what factors 

predict irritation in response to sleep loss. The CSRQ includes symptoms of insufficient 
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and/or poor sleep, but the present study does not include a measure of subjective sleep 

quality (discussed below in more detail). Therefore, additional validation of this subscale is 

planned in further research. Based on the present data and the above described theoretical 

evidence, the subscale ‘irritation’ should be interpreted carefully, especially when examining 

relations between chronic sleep reduction and adjustment.

School performance was related significantly to chronic sleep reduction in both 

samples, supporting the idea that chronic sleep reduction appears to be a sensitive construct 

to detect the effects of insufficient and/or poor sleep on cognitive and daily functioning. This 

may be due to the fact that chronic sleep reduction considers sleep debt and individuals’

sleep need as well as aspects of subjective sleep quality. Subjective sleep quality refers to 

initiating and maintaining sleep as well as to the subjective indices of sleep, such as how 

well-rested one feels upon awakening and satisfaction with sleep (Pilcher et al., 1997). It 

was shown that subjective sleep quality is related strongly to chronic sleep reduction and its 

effects on outcome variables, such as emotional and behavioural problems, school 

performance and functioning at school (Meijer, 2008; Meijer et al., 2010). Although we did 

not include a direct measure of subjective sleep quality, the finding that except chronic sleep 

reduction SOL, measuring initiating sleep, was the only sleep variable that was related to 

school performance in both samples, supports the idea that subjective sleep quality is an 

important aspect of chronic sleep reduction which influences daily functioning. Our results 

confirm the findings from a recent meta-analysis showing that the association between 

school performance and sleep quality is stronger than the relationship between sleep 

duration and school performance (Dewald et al., 2010). Based on our results, we can 

conclude that subjective sleep quality or chronic sleep reduction may be better indicators of 

the effects of sleep problems on adolescents’ daytime functioning.

The CSRQ refers to a time-frame of the previous 2 weeks and was validated against 

five school nights of sleep. In adults, chronic sleep restriction over 2 weeks resulted in 

subjective sleepiness and impaired neurobehavioural functioning (van Dongen et al., 

2003a,b). To date, it is not clear how much time it takes for an adolescent to show symptoms 

of chronic sleep reduction, and needs to be investigated in future studies. Conversely, it is 

also not yet known how much time with sufficient and/or good sleep it takes to recover from 

symptoms of chronic sleep reduction. Results from a study in adults show that after chronic 

mild to moderate sleep restriction (5 or 7 h TIB during 7 days), 3 days of recovery sleep (8 h 

TIB) did not restore performance to baseline levels (Belenky et al., 2003), suggesting that 

chronic sleep restriction might have enduring effects over a longer time. However, more 

research is needed to assess whether longer time-frames of the CSRQ (e.g. 1 month, 6 
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months) provide differential responses and to determine whether the assumption holds that 

five school nights provide a satisfactory representation of adolescents’ sleep.

It has been reported that adolescents need approximately 9 h sleep per night. 

Carskadon and Acebo (2002) showed in one of their famous studies that the ‘ideal’ amount 

of sleep would be 9.2 h of sleep. Interestingly, adolescents in both samples report a mean 

sleep need of approximately 9 h, showing that individuals in this study were fairly accurate 

on their self-perception of required sleep.

A few limitations of the present study need to be addressed. First, the present study 

assessed the relationship of chronic sleep reduction with sleep variables reflecting TST;

however, no measurement of self-reported sleep quality was included. As discussed above, 

subjectively measured sleep quality may play an important role in chronic sleep reduction 

and its effects on adolescents’ daytime functioning. Secondly, relationships between the 

CSRQ and other self-reported sleep variables as well as school performance may be inflated 

because of mono-informant bias. Replicating these relationships using objective measures 

for school performance is therefore recommended. Thirdly, assessing grades for different 

subjects separately rather than asking for overall grades could provide more insight into how 

academic abilities are affected differentially by chronic sleep reduction. Based on empirical 

evidence that demonstrated an association between sleep and the consolidation of cognitive 

performance and memory, being required for abstract reasoning, goal directed behaviour 

and creative processing (Curcio et al., 2006; Walker et al., 2002), it can be questioned 

whether or not some cognitive domains may be more sensitive to sleep deficits than others. 

Fourthly, the usage of different actigraphy devices and softwares constitutes a limitation. To 

date, the two types of actigraphy and softwares have not been compared with each other in 

one study. However, our results show that the two samples did not differ significantly on TST, 

sleep duration and SOL. Furthermore, correlations between the CSRQ scales and sleep 

variables were equivalent across samples, although methodological differences in the two 

groups should be kept in mind and future cross-cultural studies should try to use the same 

devices and softwares to compare sleep patterns of different groups.

The present study can conclude that the English CSRQ version represents an 

important step in the assessment of chronic sleep reduction in adolescents. Due to its 

practical applicability, it can be used for upcoming research, educational and clinical 

purposes. While it was shown that the English version is a reliable and valid assessment tool, 

future research should concentrate on cross-cultural comparisons with the CSRQ and its 

norm scores. Such research is important as it can provide more insight into possible 

differences concerning social and environmental factors between countries. The 

development of norm scores should also include different clinical group that are diagnosed 
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with sleep disorders (e.g. insomnia, delayed sleep phase syndrome) or other clinical 

disorders (e.g. depression). Comparing these groups could result in clinical cut-off scores 

that may be useful in the application of treatments. Future studies should also focus on the 

relationship and possible overlap between different symptoms of chronic sleep reduction and

emotional and/or behavioural problems. Gaining more insight into these relationships may 

also contribute to our knowledge on the complex interplay between sleep and adjustment 

problems (e.g. depression, aggressive behaviour). More research addressing the validity of 

the ‘irritation’ subscales should be conducted in future. Such validation studies should focus 

particularly on subjective sleep quality and sleep over a longer time-period. Furthermore, 

studies including additional daytime functioning measurements tapping into other domains, 

such as psychological wellbeing or quality of life, would improve our knowledge and 

understanding of the role of chronic sleep reduction in adolescents.

To summarise, as chronic sleep reduction focuses on symptoms of insufficient sleep 

rather than TST, this measurement is a more promising indicator of the effects of sleep 

problems on adolescents’ daily functioning than sleep duration.
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3.6. APPENDIX 1: English CSRQ version
1. Do you have trouble getting up in the morning?

 no  sometimes  yes

2. Do you feel well rested at school?*
 no  sometimes  yes

3. Do you feel sleepy during the day?
 no  sometimes  yes

4. Do you often yawn throughout the day?
 no  sometimes  yes

5. Are you immediately wide awake when you wake up?*
 no  sometimes  yes

6. I oversleep in the morning (e.g., continuing to sleep even though I need to get up)
 never  once in a while  often.

7. At noon I feel as energetic as in the morning.
 this is true for me  I feel less alert at noon  I feel alot less alert at noon

8. When I am at school for a while I have trouble keeping my eyes open.
 no  sometime  yes

9. Do other people think that you react angrily when they ask you for something or say 
something to you?

 no  sometimes  yes

10. When I do not get enough sleep it is more likely that I start an argument.
 no, this is not true for me
 yes, that is true for me once in a while
 yes, that is often true for me.

11. Do you have enough energy during the day to do everything?*
 no  sometimes  yes

12. I am active during the day.
 agree  partly agree  do not agree

13. I have to struggle to stay awake in class.
 never  once in a while  often
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14. Do other people say that you seem annoyed?
 no  sometimes  yes

15. I don’t feel like going to school because I feel too tired.
 this never happens 
 this happens once a week 
 this happens more often than twice a week 

16. I feel very alert at school.
 agree  partly agree  do not agree

17. I am a person who does not get enough sleep.*
 agree  partly agree  do not agree

18. I would like to sleep longer.
 no, I sleep exactly enough.
 no, I would like to sleep shorter. 
 yes, I would like to sleep longer. 

19. Others think that I am easily irritated.
 this is not true for me  this is partly true for me  this is true for me 

20. Do you think that you behave unkindly towards your friends or parents without a reason?
 no  sometimes  yes

Coding:
All items are coded with 1, 2, or 3 with higher scores indicating more chronic sleep reduction. 
The total chronic sleep reduction score is calculated by adding the scores of all items. 

*Items have to be reverse coded

Subscales: 
shortness of sleep: 1, 5, 6, 7, 17, 18
irritation: 9, 10, 14, 19, 20
loss of energy: 2, 11, 12, 15, 16
sleepiness: 3, 4, 8, 13
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“Think in the morning. Act in the noon. Eat in the evening. Sleep in 
the night.

-William Blake-
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Abstract

Chronic sleep reduction, resulting from insufficient and/or poor sleep over a long time period, 

is a common phenomenon in adolescents. Due to its severe negative psychological and 

behavioural daytime consequences, it is important to have a short reliable and valid measure 

of chronic sleep reduction. Therefore, this study aims to develop and validate a short version 

of the Chronic Sleep Reduction Questionnaire. Different samples from the general 

population and clinical cases were included in the study. Principal Components Analysis and 

item-total correlations were used to develop the Chronic Sleep Reduction Questionnaire-

Short Form (CSRQ-SF). The questionnaire was validated by calculating correlations with 

self-reported and objective sleep and daytime functioning and by determining its discriminant 

validity. Internal consistencies of the CSRQ-SF were good. Correlations with self-reported 

sleep, daytime functioning and objective sleep variables were similar to the correlations with 

the original questionnaire. Furthermore, the CSRQ-SF can discriminate well between clinical 

and non-clinical cases. The CSRQ-SF appears to be a reliable and valid questionnaire. Due 

to the limited number of items and the availability of cut-off scores, it is a practical tool for 

clinical and research purposes.
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4.1. Introduction
Chronic sleep reduction, resulting from insufficient and/or poor sleep over a long time period, 

is a common phenomenon in adolescents (Loessl et al., 2008; Meijer, 2008) which can have 

severe negative psychological and behavioural daytime consequences (e.g. behavioural 

problems, poor emotional wellbeing, impaired cognitive and school performance) (Curcio et 

al., 2006; Dewald et al., 2010; Fallone et al., 2002; Mitru et al., 2002; Moore et al., 2009; 

Wolfson & Carskadon, 2003). To date, most studies have used shortened or restricted sleep 

during a few nights to effectuate and operationalise sleep reduction (Roberts et al., 2010; 

van Dongen et al., 2003a). Although this is an interesting and worthy approach, it may miss 

the aspect of chronicity, which can develop only over a longer time period during which 

insufficient and/or poor sleep occurs.

Therefore, Meijer (2008) developed the Chronic Sleep Reduction Questionnaire 

(CSRQ) which measures symptoms of insufficient and/or poor sleep rather than assessing 

(shortened) sleep duration directly. In this questionnaire, symptoms are clustered into four 

subscales: Shortness of Sleep, Sleepiness, Loss of Energy and Irritation. Assuming that 

symptoms will only develop after chronic sleep reduction has occurred for a longer time 

period (e.g. a few weeks), the CSRQ enables to study the aspect of chronicity. An additional 

advantage of this assessment approach refers to the idea that it interprets insufficient sleep, 

leading to sleep debt, in reference to one’s individual sleep need. This is important as 

several studies demonstrated large individual differences in sleep need (Anderson et al., 

2009; Mercer et al., 1998, van Dongen et al., 2003b).

The CSRQ appears to be a reliable questionnaire (Meijer, 2008) and Dutch and 

English versions have recently been validated against actigraphy data (Dewald et al., 2012). 

In this previous study differential relationships of the four subscales with sleep variables 

have been reported. This difference applies especially to the subscale Irritation, suggesting 

that irritation is not a universal symptom of chronic sleep reduction that can be observed in 

all adolescents (Dewald et al., 2012). 

The aim of the present study is twofold. First, we aim to develop a short version of 

the CSRQ which only measures universal symptoms of chronic sleep reduction (CSRQ-SF). 

Second, we will validate the CSRQ-SF by calculating correlations with self-reported and 

objective sleep data (actigraphy) as well as with daytime functioning. We will examine 

whether the CSRQ-SF can discriminate between clinical and non-clinical cases and 

determine cut-off scores. Developing a brief and valid tool with excellent discriminability will 

be clinically significant for therapists in clinical practice (Morin, 2003).  
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4.2. Method
4.2.1. Sample

4.2.1.1. Samples from the general population

951 adolescents (41.3 % boys, mean age 14.7 years) from the general population completed 

online questionnaires on chronic sleep reduction, sleep quality, daytime sleepiness, sleep 

disorders (insomnia, circadian rhythm sleep disorders), depression, attention problems and 

school performance. Adolescents were recruited from four different schools around 

Amsterdam. These data were used for the development of the CSRQ-SF, as well as for its 

validation (correlations with daytime functioning and subjective sleep variables, 

discrimination between clinical and non-clinical groups, and cut-off scores). 

For calculating the correlations with the actigraphy data, we used data from 166 

Dutch (28 % boys, mean age 15.2 years) and 236 Australian (65 % boys, mean age: 15.5 

years) adolescents that have been described elsewhere (Dewald et al., 2012). 

4.2.1.2. Clinical samples

To investigate criterion validity, we included the following two clinical samples:

4.2.1.2.1. Delayed Sleep Phase Syndrome (DSPS).
116 adolescents (55.2 % boys, mean age 15.4 years) who were referred to the Centre for 

Sleep–Wake Disorders and Chronobiology of Hospital Gelderse Vallei in Ede, the 

Netherlands, were diagnosed with Delayed Sleep Phase Syndrome (DSPS; mean Dim Light 

Melatonin Onset = 22:23 h). All adolescents completed the CSRQ before they started 

melatonin treatment. 

4.2.1.2.2. Insomnia
66 adolescents (19.7 % boys, mean age 15.1 years) who received cognitive behavioural 

therapy for their sleep onset and maintenance problems, completed the CSRQ prior to 

treatment. Adolescents were included in the study after a clinical interview indicated

insomnia (sleep onset and/or maintenance problems). 

4.2.2. Measurements

4.2.2.1. Chronic sleep reduction

The CSRQ (Meijer, 2008) was administered in all samples to measure chronic sleep 

reduction. This 20-item questionnaire consists of the following four subscales: ‘Shortness of 

Sleep’ (6 items; e.g. ‘I am a person who does not get enough sleep’), ‘Sleepiness’ (4 items; 

e.g. ‘Do you feel sleepy during the day?’), ‘Loss of Energy’ (5 items; e.g. ‘I am active during 
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the day’) and ‘Irritation’ (5 items; e.g. ‘Others think that I am easily irritated’), and refers to 

the previous two weeks (see Table 1 for a full list of items). Each question has three ordinal 

response categories with higher scores indicating more chronic sleep reduction. The total 

CSRQ scale consists of the sum of the four subscales, with a Cronbach’s alpha of .84 

(Meijer, 2008) (see Results section for Cronbach’s alphas in the present study).

4.2.2.2. Sleep quality

Sleep quality was assessed by a sleep quality questionnaire (Meijer & van den Wittenboer, 

2004). This questionnaire consists of seven items with five-point response scales measuring 

problems with falling asleep, maintaining sleep, reinitiating sleep and waking up (e.g. ‘I felt 

well rested when I woke up this morning’). Meijer and van den Wittenboer (2004) reported a 

Cronbach’s alpha of .67. Cronbach’s alpha in the present study was .74. 

4.2.2.3. Daytime sleepiness

Daytime sleepiness was measured using a paediatric modification of the Epworth 

Sleepiness Scale (ESS) (Johns, 1991). In this eight-item questionnaire, adolescents rate on 

a four-point Likert scale how likely they are to doze in different situations (e.g. ‘Sitting and 

reading’; ‘Watching TV’). Various modifications have been used in paediatric populations 

(Gibson et al., 2006; Anderson et al., 2009). For this study, the last item ‘In a car while 

stopped for a few minutes in traffic’ was replaced with ‘Doing homework or taking a test’. 

This change was adapted from previous research which reported a Cronbach’s alpha of .74 

(Anderson et al., 2009). Cronbach’s alpha in the present study was also .74.

4.2.2.4. Insomnia

Insomnia was assessed with the insomnia subscale of the Holland Sleep Disorder 

Questionnaire (HSDQ) (Kerkhof et al., 2012) measuring different sleep disorders. It consists 

of seven items (e.g. ‘The quality of my sleep is poor and I do not feel rested when waking up’)

which have to be rated on a five-point Likert Scale. One item that also measures narcolepsy 

(‘During daytime I may perform ‘on the automatic pilot’, without any recollection of the event’) 

was excluded in the present study. Cronbach’s alpha reported by Kerkhof et al. (2012) 

was .91. In the  present study Cronbach’s alpha was .86.

4.2.2.5. Circadian rhythm sleep disorder (CRSD). 

CRSD was measured with the CRSD subscale of the HSDQ (Kerkhof et al., 2012). This 

subscale consists of six items (e.g. ‘I usually fall asleep in the morning hours. In the morning 
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I have trouble to wake up on time. I sleep in during the weekend’) which have to be rated on 

a five-point Likert Scale. Cronbach’s alpha was .81 in the study of Kerkhof et al. (2012).

Cronbach’s alpha in the present study was .78. 

4.2.2.6. Depression

Depression was assessed with the Dutch version of the Children’s Depression Inventory 

(CDI) (Kovacs, 2002), which is based on the Beck Depression Inventory (BDI) (Beck et al., 

1961) for adults. Most CDI items cover similar content and symptom areas, however, some 

additional items have been added to the CDI in order to cover areas of school, aggression 

and other social-peer relations. The CDI includes 27 items, each consisting of three 

statements that are graded in severity (e.g. ‘I am sad once in a while’; ‘I am sad many times’; 

‘I am sad all the time’). The higher the assigned value (ranging from 0 to 2), the more severe 

the symptom. The total score can range from 0 to 54. Cronbach’s alpha of the Dutch CDI 

version was .80 (Kovacs, 2002). Cronbach’s alpha in the present study was .85.

4.2.2.7. Attention problems

Attention problems were measured with the attention problems subscale of the Youth Self-

Report (YSR) (Verhulst et al., 1997). This scale consists of nine items (e.g. ‘I find it difficult to 

concentrate and to keep paying attention’) which have to be rated on three-point Likert 

Scales. Cronbach’s alphas ranging from .57 to .68 have been found for different age groups 

in healthy children. Cronbach’s alpha in the present study was .74. 

4.2.2.8. School performance

Participants were asked about the grades that they mostly received at school (‘Which grade 

do you usually receive at school?’). Answers consist of five categories ranging from ‘4 or 

lower’ (reflecting a clear ‘fail’ in the Netherlands) to ‘9/10’ (the highest grades that can be 

achieved in the Netherlands).

4.2.2.9. Actigraphy

Actigraphy involves use of a wristwatch-like portable device that can record movements over 

an extended period of time (e.g. a few weeks). Actigraphy is known to be a reliable and valid 

measure to study sleep in a natural environment (Kushida et al., 2001; Morgenthaler et al., 

2007). In the present study we used the following sleep parameters from five consecutive 

school nights (Sunday to Thursday night): (a) sleep onset latency: time between bedtime 

and sleep onset, (b) sleep duration: time between sleep onset and sleep offset, (c) total 
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sleep time: number of minutes that adolescents actually slept (i.e. the time between sleep 

onset and sleep offset minus wake after sleep onset) and (d) sleep efficiency (i.e. 100 x 

(total sleep time/time in bed)): percentage of uninterrupted night sleep (see Dewald et al.,

2012 for more information on the data collection and analysis). 

4.2.3. Statistical analyses

4.2.3.1. Development of the CSRQ-SF

To develop the CSRQ-SF, we used the data from the general population (N=951). Items 

were excluded from the original CSRQ in a stepwise procedure, taking both content and 

statistics into account. Statistical decisions were based on Principal Components Analysis 

(PCA) and corrected item-total correlations. To warrant the content validity of the CSRQ-SF, 

we aimed to include an equal number of items for each included subscale.  

4.2.3.2. Validation of the CSRQ-SF

To test whether the CSRQ-SF has similar psychometric properties as the original 

questionnaire, we first calculated internal consistencies (Cronbach’s alphas). Correlations 

with different aspects of self-reported sleep (e.g. sleep quality) and daytime functioning (e.g.

depression) are reported to give an indication of the validity. Furthermore, we calculated 

correlations with actigraphy data of five consecutive school nights (Sunday to Thursday 

night). 

In order to further validate the CSRQ-SF we examined whether the CSRQ-SF could 

discriminate between clinical and non-clinical cases. To determine cut-off scores, Receiver 

Operating Characteristic (ROC) curves were used. ROC curves graphically depict the 

proportions of true positives (the ‘sensitivity’ of the questionnaire, i.e. the probability of a 

positive test result if the clinical diagnosis is positive) against the proportions of false 

positives (i.e. the probability of a positive test result if the clinical diagnosis is negative, 

expressed as ‘1-specificity’). The area under the curve (AUC) indicates the probability that a 

person is correctly classified by the questionnaire (i.e. as belonging to the clinical or general 

population group). Depending on the purpose of the cut-off score, one may be interested in a 

cut-off score with optimal sensitivity, optimal specificity or one that maximises the sum of 

sensitivity and specificity (Youden’s criterion; Youden, 1950). These three cut-off scores are 

reported for the CSRQ-SF.
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4.3. Results
4.3.1. Development of the CSRQ-SF

In a PCA of the 20 CSRQ items administered to the general population (N=951), the five 

Irritation items (9, 10, 14, 19, 20; see Table 1) showed high loadings on a single, separate 

component. Corrected item-total correlations of these five items were also among the lowest 

seven, so these items were removed first, together with items 6 and 7 that did not correlate 

satisfactorily with the sum of the remaining items either. Four of the remaining thirteen items 

belonged to the subscale Shortness of Sleep (items 1, 5, 17 and 18), four to Sleepiness (3, 4, 

8 and 13) and five to Loss of Energy (2, 11, 12, 15 and 16). As one of the response 

categories of item 18 was rarely chosen (only 1.3% of the respondents chose the second 

response option), this item was removed, which left three items in the Shortness of Sleep 

scale. 

In order to warrant the content validity of the short form, we aimed at covering three 

universal aspects of chronic sleep reduction with an equal number of items. We therefore 

removed item 4 from the Sleepiness subscale as it had the lowest corrected item-total 

correlation. Items 2 and 16 from the subscale Loss of Energy were removed because their 

contents overlap with aspects of Sleepiness. As a result, the final short form contained 9 

items covering three aspects of chronic sleep reduction with three items each (see Table 1). 

4.3.2. Validation of the CSRQ-SF

Cronbach’s alpha for the CSRQ-SF was .79 in the general population (N=951), .78 in the 

DSPS group and .77 in the insomnia group. Furthermore, Cronbach’s alpha was .76 in the 

Dutch (N=166) and .84 in the Australian sample. These reliabilities are considered 

satisfactorily high in comparison to the much longer 20-item CSRQ. That is, correcting 

the .86 Cronbach’s alpha of the 20-item CRSQ for test length would yield a reliability of .73, 

which is lower than the .79 Cronbach’s alpha of the 9-item CSRQ-SF.

Correlations for the CSRQ-SF with self-reported sleep and daytime functioning were 

calculated for the general population (N=951) (see Table 2). The results show that the 

CSRQ-SF was correlated with self-reported sleep and daytime functioning variables in the 

expected directions, and that the correlations were as high as the correlations of the 20-item 

CSRQ version. 

We found similar, even slightly stronger relationships between the CSRQ-SF and 

objectively measured sleep variables than the ones that have been reported by Dewald et al.

(2012) for the CSRQ (see Table 3). All relationships were in the expected directions, 

meaning that adolescents who scored high on the CSRQ-SF also had longer sleep onset 
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latencies and slept shorter than adolescents that scored low on the CSRQ-SF. Sleep 

efficiency was not significantly related to CSRQ-SF scores.

Table 1. CSRQ and CSRQ-SF items

Items CSRQ Item Subscale 
1* Do you have trouble getting up in the morning? Shortness of Sleep
2 Do you feel well rested at school? Loss of Energy
3* Do you feel sleepy during the day? Sleepiness
4 Do you often yawn throughout the day? Sleepiness
5* Are you immediately wide awake when you wake up? Shortness of Sleep
6 I oversleep in the morning (e.g. continuing to sleep even 

though I need to get up)
Shortness of Sleep

7 At noon I feel as energetic as in the morning1 Shortness of Sleep
8* When I am at school for a while I have trouble keeping my 

eyes open
Sleepiness

9 Do other people think that you react angrily when they ask 
you for something or say something to you?

Irritation

10 When I do not get enough sleep it is more likely that I start 
an argument

Irritation

11* Do you have enough energy during the day to do 
everything?

Loss of Energy

12* I am active during the day Loss of Energy
13* I have to struggle to stay awake in class Sleepiness
14 Do other people say that you seem annoyed? Irritation
15* I don’t feel like going to school because I feel too tired Loss of Energy
16 I feel very alert at school Loss of Energy
17* I am a person who does not get enough sleep Shortness of Sleep
18 I would like to sleep longer2 Shortness of Sleep
19 Others think that I am easily irritated Irritation
20 Do you think that you behave unkindly towards your 

friends or parents without a reason?
Irritation

Note. *Items included in the CSRQ-SF
1 Item 7 was excluded from the analyses, as none of the response categories was applicable to the DSPS-group
2 As responses to item 18 were not equally spread over the three response categories (the second response category was 
barely chosen), the second and third response categories were combined

Cut-off scores for the identification of clinical cases were determined using the sample from 

the general population (N=951) and the two clinical groups. To make the groups 

comparable, we matched cases from the general population with clinical cases according 

to sex and age. As the two clinical groups did not differ on the pre-treatment CSRQ scores, 

we combined them into a single clinical group in the analyses. After case-control matching, 

the sample from the general population consisted of 543 adolescents (42.5% boys, mean 

age = 15.1 years, mean CSRQ-SF = 14.29) and the clinical group consisted of 181 

adolescents (42.5% boys, mean age = 15.3 years, mean CSRQ-SF = 20.25).
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Table 2. Correlations between chronic sleep reduction (CSRQ-
SF and CSRQ), self-reported sleep and daytime functioning 

CSRQ-SF 20-item CSRQ
Self-reported sleep
Sleep quality -.55 -.58
Daytime sleepiness .43 .42
Insomnia .71 .74
Circadian rhythm sleep disorder .55 .56

Daytime functioning
Depression .52 .57
Attention problems .48 .51
School performance -.17 -.17

Note: All p-values ≤ .001

Table 3. Correlations between chronic sleep reduction 
(CSRQ-SF and CSRQ) and actigraphy data in Dutch and 
Australian samples

CSRQ-SF
(p value)

CSRQ* 
(p value)

Dutch sample (N =166)
Total sleep time -.16 (.05) -.12 (.14)
Sleep onset latency .24 (≤ .01) .22 (≤ .01)
Sleep duration -.23 (≤ .01) -.19 (≤ .01)
Sleep efficiency -.03 (.68) -.01 (.93)

Australian sample (N = 236)
Total sleep time -.08 (.20) -.09 (.17)
Sleep onset latency .35 (≤ .001) .34 (≤ .001)
Sleep duration -.20 (≤ .01) -.18 (≤ .01)
Sleep efficiency .05 (.46) .01 (.92)

Note. Total sleep time: minutes of actually obtained sleep. Sleep duration: time 
between sleep onset and sleep offset. Sleep efficiency: total sleep time/time in 
bed*100
* Correlations for the CSRQ have been previously reported (Dewald et al., 2012)

ROC analyses were conducted to investigate whether the questionnaires can discriminate 

between cases from clinical and general populations. For the CSRQ-SF, we found a ROC 

curve with an AUC of .86 (95% confidence interval: .83 - .89) (see Figure 1). This AUC is 

comparable to the AUC for the original CSRQ (AUC = .85, 95% confidence interval: .82 -

.88). For the CSRQ-SF the optimal cut-off according to Youden’s criterion, which gives 

equal weight to sensitivity and specificity, was 15.50. With this cut-off, 88.4% of the clinical 

cases and 68.0% of the general population were correctly identified. The overall percentage 

of correct classifications was 83.3%. For optimal sensitivity a cut-off of 14.50 was found 

(correctly identifying 92.8% of the clinical cases and 60.4% of the general population,
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yielding an overall percentage of 84.7% correct classifications), and for optimal specificity a 

cut-off of 20.50 was found (correctly identifying only 50.8% of the clinical cases but 92.6% of 

the general population, yielding an overall percentage of 61.3% correct classifications).

Note: Sensitivity = true positive rate, 1- specificity = false positive rate.

Figure 1. Receiver Operating Characteristic (ROC) curve for the CSRQ-SF 
including cut-off scores

4.4. Discussion

The aim of the present study was to develop and validate a short version of the CSRQ, the 

CSRQ-SF. Our results demonstrate that the CSRQ-SF is a reliable and valid questionnaire. 

Internal consistencies of the CSRQ-SF were good and, taking the number of items into 

account, comparable to the internal consistencies of the CSRQ. Correlations with self-

reported sleep, daytime functioning and objective sleep variables were similar to the 

correlations with the original questionnaire. Furthermore, we showed that the CSRQ-SF can 

discriminate well between clinical and non-clinical cases. 

The original CSRQ consists of four subscales (Shortness of Sleep, Sleepiness, Loss 

of Energy and Irritation) measuring different symptoms of chronic sleep reduction, which 
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were differentially related to objective sleep variables (Dewald et al., 2012). Correlational 

patterns and PCA showed that the Irritation items were only indirectly related to the universal 

symptoms of chronic sleep reduction.

Similar correlations with daytime functioning and sleep variables were found for the 

CSRQ-SF and the 20-item CSRQ, indicating that the short form is as valid as the original 

questionnaire. Interestingly, relationships with self-reported sleep variables (sleep quality 

and daytime sleepiness) were stronger than the relationships with the objective sleep 

variables. A possible explanation is that, contrary to objectively measured sleep duration, 

sleep quality and daytime sleepiness also take individual sleep need into account, which is 

an important influential factor in chronic sleep reduction. 

The CSRQ-SF discriminates well between clinical and non-clinical cases, once more 

supporting the validity of the questionnaire. However, as chronic sleep reduction does not 

refer to a sleep disorder as being defined by the DSM-IV (American Psychiatric Association, 

2000) or ICSD-2 (American Academy of Sleep Medicine, 2005), the CSRQ-SF is not 

primarily intended for diagnosing sleep disorders. Still, scores above the cut-off do indicate 

the presence of sleep-related problems and in these cases further assessment of possible 

sleep disorders is strongly recommended.

The validation results of the CSRQ-SF are partly based on Dutch samples. However, 

a multi-group factor analysis has shown the English and Dutch versions of the CSRQ to be 

equivalent (Dewald et al., 2012), which is also supported by the similar correlations with 

actigraphy data in the Dutch and Australian samples. We can therefore assume that all 

validity results apply to both the Dutch and English language versions of the CSRQ-SF. Still, 

precise cut-off scores for the English language version remain to be determined in future 

research.  

To summarise, the CSRQ-SF appears to be a valid and reliable measure to assess 

chronic sleep reduction in adolescents. It is related to relevant measures of sleep and 

daytime functioning and can discriminate well between clinical and non-clinical cases. Due to 

the limited number of items, the availability of cut-off scores and because it takes individual 

sleep need into account, it is a practical tool for clinical and research purposes. 
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“A good laugh and a long sleep are the best cures in the doctor's 
book.”

-Irish Proverb-
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Abstract

This study aims to investigate individual differences in sleep need and examines differences 

in vulnerability to sleep loss. The sample consisted of 932 adolescents (mean age: 14.68 

years). Extreme groups (lowest and highest quartiles) of adolescents with low and high 

chronic sleep reduction (measured by the Chronic Sleep Reduction Questionnaire) and short 

and long sleep durations were identified. Symptoms of sleep reduction did not appear to 

coincide with the amount of sleep duration, suggesting individual differences in sleep need. 

Furthermore, differences in daytime functioning between adolescents that were grouped 

according to their sleep give evidence of individual differences in vulnerability to sleep loss. 
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5.1. Introduction
Many adolescents suffer from sleep problems, which can negatively affect their daytime 

functioning (Curcio, Ferrara, & De Gennaro, 2006; Dewald, Meijer, Oort, Kerkhof, & Bögels, 

2010; Fallone, Owens, & Daene, 2002; Mitru, Millrood, & Mateika, 2002; Moore et al., 2009; 

Wolfson & Carskadon, 2003). Insufficient sleep is a common phenomenon in this age group 

and its main cause can be found in an interaction of extrinsic (e.g., social pressure, 

academic workload) and intrinsic factors (e.g., circadian and/or homeostatic changes) that 

occur during puberty (Wolfson & Carskadon, 2003). While these factors cause shorter sleep 

durations, adolescents’ sleep need does not decrease, often resulting in chronically reduced 

sleep. 

Which amount of insufficient sleep actually results in chronic sleep reduction and 

whether all adolescents are equally susceptible to chronic sleep reduction and to its 

consequences are important research questions. It has been pointed out that no exact 

amount of ‘optimal’ sleep exists, highlighting individual differences in sleep need (Ferrara & 

De Gennaro, 2001). Based on experimental sleep deprivation studies in adults, van Dongen, 

Rogers, and Dinges (2003) concluded that sleep duration should be interpreted in reference 

to one’s individual sleep need (i.e. amount of sleep an individual needs to be fully awake, 

and not sleepy, during the day). Furthermore, neurobehavioral performance impairment due 

to sleep deprivation could be ascribed to individual differences in vulnerability to sleep loss 

(van Dongen, Baynard, Maislin, & Dinges, 2004). Rajaraman, Gribok, Wesensten, Balkin, 

and Reifman (2008) demonstrated that performance of sleep-deprived individuals can be 

predicted by three distinct performance phenotypes, namely relatively vulnerable to sleep 

loss, relatively average sensitivity to sleep loss, and relatively resilient to sleep loss. As both

individual sleep need and vulnerability to sleep loss may obscure associations between 

sleep and daytime functioning, it is important to include these phenomena when 

investigating such relationships.

Assessment of sleep need and vulnerability to sleep loss is generally done within 

small experimental sleep deprivation or sleep restriction studies with adults. In these studies 

sleep duration is (gradually) restricted or totally deprived, with the consequence that 

participants sleep less than their individual sleep need. To date, impairments in daytime 

functioning that result from vulnerability to (chronic) sleep loss have not been examined. The 

absence of such studies may be caused by the fact that the effects of sleep duration on 

daytime functioning are difficult to determine as sleep duration does not account for 

individual sleep need. To overcome this problem, Meijer (2008) developed the Chronic Sleep

Reduction Questionnaire (CSRQ) assessing chronic sleep reduction by measuring 

symptoms of insufficient and/or poor sleep rather than (shortened) sleep duration directly. 
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The questionnaire is based on the assumption that these symptoms need some time to 

become present and therefore occur only in individuals that experience insufficient and/or 

poor sleep over a long time period. Consequently, the CSRQ also addresses the aspect of 

chronicity, which is often overlooked by studies that use measures of sleep duration. The 

CSRQ is developed for adolescents, a group that seems particularly susceptible to 

insufficient sleep (Gibson et al., 2006; Roberts, Roberts, & Xing, 2010).

As the assumption of individual sleep need is an important aspect of the CSRQ, the 

present study examines whether low and high chronic sleep reduction (using the CSRQ) 

corresponds with long and short sleep duration. This approach gives more insight into the 

assumption that sleep should be interpreted in reference to one’s sleep need. 

Furthermore, to test the idea of individual differences in vulnerability to sleep loss, 

this study examines the proportion of cases with poor outcomes of extreme groups (based 

on upper and lower quartiles) and studies whether daytime functioning can discriminate 

between individuals that are grouped according to their sleep. In this way, we compare 

differences in daytime functioning of adolescents that experience the same amount of sleep 

or chronic sleep reduction (measured by the CSRQ). Consequently, we gain more insight 

into the question whether looking at symptoms of insufficient sleep instead of sleep duration 

might improve the predictability of vulnerability to sleep loss. In addition, we study whether 

adolescents with chronic sleep reduction or short sleep durations have a higher risk to score 

clinically on daytime functioning variables than adolescents with low chronic sleep reduction 

or long sleep durations. 

Many studies demonstrate a significant relationship between sleep and daytime 

functioning, such as depressive symptoms, attention, and sleepiness (e.g., Gregory & Sadeh,

2012; Mitru et al., 2002; Moore et al., 2009). Additional key components of adolescents’ 

daytime functioning are school performance and school functioning, representing aspects of 

cognitive performance, self-perception, and social interactions. As different facets of school 

functioning may contribute to school success, the present study includes three concepts of 

school functioning that have been repeatedly associated with school performance: (1) 

achievement motivation (Guay, Ratelle, & Chanal, 2008; Guay, Ratelle, Roy, & Litalien, 

2010), referring to the processes that energize and orient competence strivings (Elliot & 

Dweck, 2005), (2) teacher-child relationship (Birch & Ladd, 1997; Gregory & Ripski, 2008; 

Valiente, Lemery-Chalfant, Swanson, & Reiser, 2008), reflecting the interactions between 

student and teacher, and (3) academic self-concept (Ferla, Valcke, & Yonghong, 2009; 

Marsh & Yeung, 1997), which refers to an evaluative self-perception that is formed through 

the student's experience and interpretation of the school environment (Marsh & Craven, 

1997). Although it has repeatedly been shown that sleep is significantly related to school 
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performance, this relationship often appears to be rather small (Dewald et al., 2010). One 

explanation for the small effect sizes can be found in evidence demonstrating that the 

relationship between sleep and school performance is mediated by school functioning 

(Meijer, 2008). To give a full picture of daytime functioning in adolescents and its relationship 

with sleep, we include depression, attention, sleepiness, school performance, achievement 

motivation, teacher-child relationship, and academic self-concept in this study. The present 

study aims to investigate individual differences in sleep need and examines differences in 

vulnerability to sleep loss. 

5.2. Method 
5.2.1. Sample

Participants were recruited via flyers and information on school websites. 954 participants 

completed the questionnaires. Twenty-two adolescents were excluded because they were 

too old (≥ 20 years) or because either their CSRQ scores or sleep duration were considered 

as outliers (α= .001). The final sample consisted of 932 adolescents (mean age: 14.68 years 

(SD = 1.66 years); 41% boys). In 80.5 % both parents were employed, in 18.6% one parent 

was employed and in 1 % neither mother nor father was working. 76.2% of the sample had 

the Dutch nationality and 20.5% had a different nationality (3.3% of the data were missing). 

Furthermore, 89.4% of the fathers and 87.7% of the mothers was born in the Netherlands. 

5.2.2. Procedure

The study was conducted with the approval of the University of Amsterdam Review Board. 

Participants were recruited via four high schools around Amsterdam, from which active 

informed consent was obtained. Online questionnaires assessing all variables were 

administered in 2011. Two randomly selected students of each school received a 30 Euro 

gift voucher.  

5.2.3. Measurements

5.2.3.1. Chronic sleep reduction

Chronic sleep reduction, reflecting symptoms of insufficient sleep, was measured using the 

CSRQ (Meijer, 2008). The 20-item CSRQ consists of four subscales: ‘Shortage of Sleep’ (6 

items; e.g., ‘I am a person who does not get enough sleep’), ‘Irritation’ (5 items; e.g., ‘Others 

think that I am easily irritated’), ‘Loss of Energy’ (5 items; e.g., ‘I am active during the day’),

and ‘Sleepiness’ (4 items; e.g., ‘Do you feel sleepy during the day?’) and refers to the 

previous two weeks. Each question has three ordinal response categories ranging from 1 to 

3, with higher scores indicating more chronic sleep reduction. Consequently, the total CSRQ 
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scale consists of the sum of the four subscales. The CSRQ has recently been validated 

against five nights of school night sleep measured with actigraphy (Dewald, Short, Gradisar, 

Oort, & Meijer, 2012). Results from this study reveal that the CSRQ can be seen as a 

reliable (Cronbach’s alpha = .85) and valid measure of chronic sleep reduction in 

adolescents. Cronbach’s alpha for the total CSRQ scale in this study was .85. 

5.2.3.2. Sleep duration

Participants were asked about their average bedtimes in the evening (indicated in hours and 

minutes), their average sleep onset latencies (indicated in hours and minutes), and their 

average waking up times (reported in hours and minutes) on school nights (Sunday to 

Thursday night) and on weekend nights (Friday and Saturday night). Sleep duration was 

defined as the difference between sleep onset (bedtime + sleep onset latency) and waking 

up time. We calculated the average sleep duration by combining sleep duration of school 

nights with sleep duration of weekend nights. 

5.2.3.3. Sleepiness

Sleepiness was measured using a pediatric modification of the Epworth Sleepiness Scale 

(ESS) (Johns, 1991). In this eight-item questionnaire, adolescents rate on a four-point Likert 

scale (0: chance = not existing; 3: chance = big) how likely they are to doze in different 

situations (e.g., ‘Sitting and reading’; ‘Watching TV’). Various modifications have been used 

in pediatric populations (Anderson, Storfer-Isser, Taylor, Rosen, & Redline, 2009; Gibson et 

al., 2006). For this study, the last item ‘In a car while stopped for a few minutes in traffic’ was 

replaced with ‘Doing homework or taking a test’. This change was adapted from previous 

research (Anderson et al., 2009). The questionnaire is known to be a reliable and valid 

assessment tool for measuring sleepiness. The cut-off score for clinical sleepiness is highly 

discussed in the literature. Whereas originally a cut-off score of 10 has been suggested 

(Johns, 1997; Johns, 2002), some research recommends to use a higher cut-off score of 11 

or 12 (Vignatelli et al., 2003). Cronbach’s alpha in this study was .80.

5.2.3.4. Depression

Depression was assessed with the Dutch version of the Children’s Depression Inventory 

(CDI) (Kovacs, 2002), which is based on the Beck Depression Inventory (BDI) (Beck, Ward, 

Mendelson, Mock, & Erbaugh, 1961) for adults. Most CDI items cover similar content and 

symptom areas, however, some additional items have been added to the CDI in order to 

cover areas of school, aggression, and other social-peer relations. The CDI includes 27 

items, each consisting of three statements that are graded in severity (e.g., ‘I am sad once in 



99

a while’; ‘I am sad many times’; ‘I am sad all the time’). The higher the assigned value 

(ranging from 0 to 2) the more severe the symptom is. The total score can range from 0 to 

54. A cut-off score of 19 is used to indicate clinical depression. Cronbach’s alpha of the 

Dutch CDI version was .80 (Kovacs, 2002).  Cronbach’s alpha in this study was .85.

5.2.3.5. Attention problems

Attention problems were measured with the attention problems subscale of the Youth Self-

Report (YSR) (Verhulst, van der Ende, & Koot, 1997). This scale consists of nine items (e.g., 

‘I find it difficult to concentrate and to keep paying attention’) which have to be rated on 

three-point Likert Scales. Cronbach’s alphas ranging from .57 to .68 have been found for 

different age groups in healthy children. A cut-off score of 11 is used to indicate a clinical 

score (Verhulst et al., 1997). Cronbach’s alpha in this study was .74. 

5.2.3.6. School functioning

School functioning was operationalized with three separate constructs: ‘achievement 

motivation’, ‘teacher-child relationship’, and ‘academic self-concept’. Achievement motivation 

was measured with the subscale ‘achievement motivation’ of the Dutch PMT-K version 

(Hermans, 1983). This subscale consists of twelve closed-ended questions with two or three 

response categories (e.g., ‘Making my homework: A. is very annoying for me, B. I do not like 

it much, and C. I like doing’). The minimum score of this scale is 12, and the maximum score 

is 33. Cronbach’s alpha in this study was .81. Teacher-child relationship (e.g., ‘Our teacher 

is willing to help us when you do not understand something’), and academic self-concept 

(e.g., ‘I can keep up with others at school’) were measured with two scales of the School 

Perception Questionnaire (Meijer, Habekothe, & van den Wittenboer, 2000; van der Wolf, 

1995). Both subscales consist of eight questions with five response categories (1 = 

completely true; 5 = not true at all). Cronbach’s alphas in this study were .80 and .88.

5.2.3.7. School performance

Participants were asked about the grades that they mostly receive at school (‘Which grade 

do you usually receive at school?’). Answers consisted of five categories ranging from ‘4 or 

lower’ (reflecting a clear ‘fail’ in the Netherlands) to ‘9/10’ (the highest grades that can be 

achieved in the Netherlands).

5.2.4. Analyses 

To gain more insight into the idea of individual differences in sleep need, we started the 

analyses by identifying four extreme groups: (1) a group with high chronic sleep reduction 
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(highest quartile on the CSRQ) and short sleep duration (lowest quartile of sleep duration), 

(2) a group with high chronic sleep reduction (highest quartile on the CSRQ) and long sleep 

duration (highest quartile of sleep duration), (3) a group with low chronic sleep reduction 

(lowest quartile on the CSRQ) and short sleep duration (lowest quartile of sleep duration), 

and (4) a group with low chronic sleep reduction (lowest quartile on the CSRQ) and long

sleep duration (highest quartile of sleep duration). If individuals meet the criteria for group 2 

or 3, the idea that individual differences in sleep need exist can be confirmed. 

To capture the influence of sleep duration, we ran the following analyses for sleep 

duration (lowest and highest quartile of sleep duration) and chronic sleep reduction (lowest 

and highest quartile of the CSRQ) separately. For the two different sleep measures (sleep 

duration and CSRQ scores) multivariate analyses of variances (MANOVAs) were used to 

examine whether the two groups differed on daytime functioning. Furthermore, we calculated 

the proportion of clinical cases in each group to identify individual differences in vulnerability 

to sleep loss. Each MANOVA was followed by a discriminant function analysis to investigate 

predictors of group membership (short versus long sleep duration, low versus high CSRQ 

scores). 

5.3. Results 
To gain more insight into individual differences in sleep need, we identified the above-

described four groups, which combine chronic sleep reduction (measured by the CSRQ) with 

sleep duration. Although most adolescents met the criteria for either group 1 (n= 191) or 

group 4 (n=198), a smaller sample also met the criteria for group 2 (n=25) and group 3 

(n=34). These results indicate that some adolescents experience symptoms of insufficient 

sleep although they have long sleep durations and that some adolescents do not experience 

such symptoms although they have short sleep durations. Consequently, this finding 

supports the idea of individual differences in sleep need. 

The following analyses were based on the extreme groups (using the upper and 

lower quartiles) for chronic sleep reduction and sleep duration separately. Table 1 presents 

means and standard deviations for these four extreme groups and for the total sample. In 

comparison to the means of the total sample, daytime functioning of adolescents with high 

chronic sleep reduction or short sleep durations was more impaired, whereas adolescents 

with low chronic sleep reduction or long sleep durations had less daytime functioning 

impairments. Furthermore, results from the MANOVAs demonstrate a significant overall 

effect for sleep duration (F (7,405) = 16.43, p < .001) and chronic sleep reduction (F (7,452) 

= 62.99, p < .001) on daytime functioning. 
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Table 2 presents the proportion of clinical cases on depression, attention problems, and 

sleepiness in the different groups. Similarly to the above-described means, we found the 

highest proportion of clinical cases in the group of adolescents with high chronic sleep 

reduction and short sleep durations and the lowest proportion of clinical cases in the groups 

of adolescents with low chronic sleep reduction and long sleep durations. 

Each MANOVA was followed up by a discriminant function analysis. Results from the 

analysis for chronic sleep reduction indicate depression to be the best discriminating factor 

(.77), followed by attention problems (.68), academic self-concept (-.61), achievement 

motivation (-.56), and sleepiness (.55). The teacher-child relationship (-.40) and school 

performance (-.24) were less strong predictors. Daytime functioning could classify 76.2% of 

the group correctly into the group with high chronic sleep reduction and 89.8% into the group 

with low chronic sleep reduction. However, we found a different picture for sleep duration, 

demonstrating that achievement motivation (.84) and attention problems (-.75) were the 

factors that could discriminate the best between adolescents with short and long sleep 

durations. These factors were followed by depression (-.67), academic self-concept (.67), 

the teacher-child relationship (.48), school performance (.35), and sleepiness (-.20). The 

factors identified 65.3% of the group with short sleep durations and 68% of the group with 

long sleep durations correctly. 

5.4. Discussion
The present study is the first study that investigated individual differences in sleep need and 

vulnerability to sleep loss in adolescents. The results support previous findings that 

demonstrate the existence of individual differences in sleep need (Ferrara & De Gennaro, 

2001; van Dongen et al., 2003) by showing that some adolescents experience symptoms of 

insufficient sleep despite obtaining much sleep, and, on the other hand, that some 

individuals with extremely short sleep durations do not report such symptoms. Based on 

these results, it can be concluded that sleep duration may not be the best indication of 

chronic sleep loss, as it does not account for individual differences in sleep need. 

Furthermore, we examined individual differences in vulnerability to sleep loss. We addressed 

this question by identifying the proportion of cases with poor outcomes in extreme groups 

and studied whether daytime functioning variables can discriminate between individuals with 

high and low chronic sleep reduction and long and short sleep durations. The findings from 

this study clearly demonstrate that daytime functioning is more (even clinically) impaired in 

adolescents with high chronic sleep reduction and adolescents with short sleep durations 

than the impairments that have been reported in the total sample. 
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Table 1. Means and standard deviations for the four extreme groups and the total sample

Sleep Duration Chronic sleep reduction (CSRQ) Total sample

Short
(mean (SD))

Long
(mean (SD))

High
(mean (SD))

Low
(mean (SD)) (mean (SD))

Sleepiness 8.27 (5.02) 6.59 (4.46) 9.58 (4.75) 4.95 (3.91) 7.01 (4.52)

Depression 11.93 (6.78) 6.68 (5.84) 13.35 (6.81) 5.23 (3.82) 8.56 (5.95)

Attention problems 7.46 (3.24) 4.94 (3.02) 8.36 (3.00) 4.42 (2.70) 6.15 (3.20)

Achievement motivation 25.07 (4.10) 28.12 (3.89) 24.33 (4.00) 28.55 (3.53) 26.61 (4.04)

Teacher–child relationship 28.05 (4.32) 30.38 (4.23) 27.58 (4.31) 30.80 (4.09) 29.18 (4.26)

Academic self-concept 28.05 (5.68) 32.08 (5.03) 27.09 (5.57) 33.23 (4.23) 30.52 (5.32)

School performance 3.34 (.67) 3.56 (.60) 3.30 (.07) 3.60 (.06) 3.47 (.65)

Table 2. Proportion of clinical cases for the four extreme groups and the total sample

Sleep Duration Chronic sleep reduction (CSRQ) Total sample

Short
(% clinical cases)

Long
(% clinical cases)

High
(% clinical cases)

Low
(% clinical cases) (% clinical  cases)

Sleepiness (clinical cut-off: ≥ 11) 29.11 20.5 49.03 9.84
22.45

Depression (clinical cut-off: ≥ 19) 11.27 2.50 19.90 1.18
6.31

Attention problems (clinical cut-off: ≥ 11) 16.90 3.00 26.21 1.57
9.76

. 
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On the other hand, adolescents with low chronic sleep reduction and long sleep durations

show less impairments on the daytime functioning variables than the impairments that have 

been reported in the total sample. These results support the idea of individual differences in 

vulnerability to sleep loss. Furthermore, daytime functioning variables could more accurately 

discriminate between groups that were characterized by chronic sleep reduction than 

between groups that were characterized according to their sleep duration. This result 

indicates that symptoms of insufficient sleep may be a better conceptualization to capture 

the full picture of chronic sleep loss than sleep duration. The finding that a distinction based 

on sleep duration resulted in worse classifications may at least partly be ascribed to the fact 

that this concept does not include all aspects of sleep quality (e.g., satisfaction with sleep). 

A few limitations have to be mentioned: First, we used a cross-sectional design, 

which does not allow causal conclusions. Second, all data were based on self-reports, 

whereas no objective data on sleep (e.g., actigraphy or polysomnography) and school 

performance (e.g., grades from school reports) were collected. However, considering the 

high diversity of measures and the consistent findings, common method variance should not 

negatively affect the results (Spector, 2006). Finally, the study should be replicated in other 

samples, preferably allowing for cross-cultural comparisons, in order to further generalize the 

reported results. Such studies should also include personality characteristics in order to 

capture the full picture of the possible phenotypes. 

Summarizing, the present study showed that individual differences in sleep need 

exist. Furthermore, we demonstrated individual differences in vulnerability to sleep loss. The 

results indicate that studying the effects of sleep on daytime functioning by focusing on 

chronic sleep reduction rather than looking at sleep duration directly, gives a more accurate 

picture of the effects of sleep loss.



104

5.5. References
Anderson, B., Storfer-Isser, A., Taylor, H.G., Rosen, C.L., & Redline, S. (2009). Associations 

of executive function with sleepiness and sleep duration in adolescents. Pediatrics, 

123, 701-707.

Beck, A.T., Ward, C., Mendelson, M., Mock, J., & Erbaugh, J. (1961). An inventory for 

measuring depression. Archives of General Psychiatry, 4, 53-63. 

Birch, S.H., & Ladd, G.W. (1997). The teacher-child relationship and children’s early school

adjustment. Journal of School Psychology, 35, 61-79. 

Curcio, G., Ferrara, M., & De Gennaro, L. (2006). Sleep loss, learning capacity and

academic performance. Sleep Medicine Reviews, 10, 323-337.

Dewald, J.F., Meijer, A.M., Oort, F.J., Kerkhof, G.A., & Bögels, S.M. (2010). The influence of 

sleep quality, sleep duration and sleepiness on school performance in children and 

adolescents: A meta analytic review. Sleep Medicine Reviews, 14, 179-189.

Dewald, J.F., Short, M., Gradisar, M., Oort, F.J., & Meijer, A.M. (2012). The Chronic Sleep

Reduction Questionnaire (CSRQ): A cross-cultural comparison and validation in 

Dutch and Australian adolescents. Journal of Sleep Research, doi: 10.1111/j.1365-

2869.2012.00999.x.

Elliot, A.J., & Dweck, C.S. (Eds.). (2005). Handbook of competence and motivation. New 

York: Guilford Press.

Fallone, G., Owens, J.A., & Deane, J. (2002). Sleepiness in children and adolescents: 

clinical implications. Sleep Medicine Reviews, 6, 287-306.

Ferla, J., Valcke, M., & Yonghong, C. (2009). Academic self-efficacy and academic self-

concept: reconsidering structural relationships. Learning and Individual Differences, 

19, 499-505.

Ferrara, M., & De Gennaro, L. (2001). How much sleep do we need? Sleep Medicine 

Reviews, 5, 155-179. 

Gibson, E.S., Powles, A.C., Thabane, L., O'Brien, S., Molnar, D.S., Trajanovic, N., et al. 

(2006). "Sleepiness" is serious in adolescence: two surveys of 3235 Canadian 

students. BMC Public Health, 6, 116.

Gregory, A., & Ripski, M.B. (2008). Adolescent trust in teachers: implications for behavior in

the high school classroom. School Psychology Review, 37, 337-353. 

Gregory, A.M., & Sadeh, A. (2012). Sleep, emotional and behavioral difficulties in children

and adolescents. Sleep Medicine Reviews, 16, 129-136.

Guay, F., Ratelle, C.E., & Chanal, J. (2008). Optimal learning in optimal contexts: the role of 

self-determination in education. Canadian Psychology, 49, 233-240.



105

Guay, F., Ratelle, C.E., Roy, A., & Litalien, D. (2010). Academic self-concept, autonomous 

academic motivation, and academic achievement: Mediating and additive effects. 

Learning and Individual Differences, 20, 644-653.

Hermans, H. (1983). Van faalangst tot verantwoordelijkheid. Het bevorderen van de

motivatie in taaksituaties op school en in het gezin. (From test anxiety to 

responsibility. Promoting motivation in tasks at school and in the family). Lisse, Swets 

& Zeitlinger. 

Johns, M.W. (1991). A new method for measuring daytime sleepiness: The Epworth 

sleepiness scale. Sleep, 14, 540-545.

Johns, M., & Hocking, B. (1997). Daytime sleepiness and sleep habits of Australian workers. 

Sleep, 20, 844-849.

Johns, M.W. (2002). Sensitivity and specificity of the multiple sleep latency test (MSLT), the 

maintenance of wakefulness test and the Epworth sleepiness scale: failure of the 

MSLT as a gold standard. Journal of Sleep Research, 9, 5-11.

Kovacs, M.W. (2002) Childrens's Depression Inventory. Handleiding. Amsterdam, Harcourt 

Assessment.

Marsh, H.W., & Craven, R (1997). Academic self-concept: Beyond the dustbowl, 

Handbookof classroom assessment: Learning, achievement, and adjustment, 

Academic Press: Orlando, FL.

Marsh, W., & Yeung, A.S. (1997). Causal effects of academic self-concept on academic

achievement: Structural equation models of longitudinal data. Journal of Educational 

Psychology, 1, 41-54.

Meijer, A.M. (2008). Chronic sleep reduction, functioning at school and school achievement 

in preadolescents. Journal of Sleep Research, 17, 395-405.

Meijer, A.M., Habekothe, H.T., & van den Wittenboer, G.L.H. (2000). Time in bed, quality of

sleep and school functioning in children. Journal of Sleep Research, 9, 145-153. 

Mitru, G., Millrood, D.L., & Mateika, J.H. (2002). The impact of sleep on learning and 

behavior in adolescents. Teachers College Record, 104, 704-726.

Moore, M., Kirchner, H.L., Drotar, D., Johnson, N., Rosen, C., Ancoli-Israel, S., et al. (2009). 

Relationships among sleepiness, sleep time, and psychological functioning in 

adolescents. Journal of Pediatric Psychology, 34, 1175-1183.

Rajaraman, S., Gribok, A.V., Wesensten, N.J., Balkin, T.J., & Reifman, J. (2008). 

Individualized performance prediction of sleep-deprived individuals with the two-

process model. Journal of Applied Physiology, 104, 459-468. 



106

Roberts, R.E., Roberts, C.R., & Xing, Y. (2010). Restricted sleep among adolescents: 

prevalence, incidence, persistence, and associated factors. Behavioral Sleep 

Medicine, 9, 18-30.

Spector, P.E. (2006). Method variance in organizational research: Truth or urban legend?

Organizational Research Methods, 9, 221–232.

Valiente, C., Lemery-Chalfant, K., Swanson, J., & Reiser, M. (2008). Prediction of children’s 

academic competence from their effortful control, relationships, and classroom 

participation. Journal of Educational Psychology, 100, 67-77.

van Dongen, H.P.A., Rogers, N.L., & Dinges, D.F. (2003). Sleep debt: Theoretical and 

empirical issues. Sleep and Biological Rhythms, 1, 5-13.

van Dongen, H.P.A., Baynard, M.D., Maislin, & Dinges, D.F. (2004). Systematic

interindividual differences in neurobehavioral impairment from sleep loss: Evidence 

of trait-like differential vulnerability. Sleep, 27, 423-433. 

van der Wolf, J.C. (1995). School Perception Questionnaire. Unpublished manuscript.

Educational Sciences, University of Amsterdam. 

Verhulst, F.C., van der Ende, J., & Koot, H.M. (1997). Handleiding voor de Youth Self Report 

(YSR). Rotterdam.

Vignatelli, L., Plazzi, G., Barbato, A., Ferini-Strambi, L., Manni, R., Pompei, F., et al. (2003). 

Italian version of the Epworth sleepiness scale: external validity. Neurological 

Sciences, 23, 295-300.

Wolfson, A.R. & Carskadon, M.A. (2003). Understanding adolescents' sleep patterns and 

school performance: a critical appraisal. Sleep Medicine Reviews, 7, 491-506.



107



108

“Man should forget his anger before he lies down to sleep.” 

-Mahatma Gandhi-



109

Chapter 6

Adolescents’ sleep in low-stress and high-stress 
(exam) times: A prospective quasi-experiment
Julia F. Dewald1, Anne Marie Meijer1, Frans J. Oort1,2, Gerard A. Kerkhof3, Susan M. Bögels1

1 Research Institute of Child Development and Education, Faculty of Social and Behavioral Sciences, 
University of Amsterdam, Nieuwe Prinsengracht 130, 1018 VZ Amsterdam, The Netherlands
2 Department of Medical Psychology, Academic Medical Centre, University of Amsterdam
Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands
3 Department of Psychology, Faculty of Social and Behavioral Sciences, University of Amsterdam, 
Roetersstraat 15, 1018 WB Amsterdam, The Netherlands

Dewald, J.F., Meijer, A.M., Oort, F.J., Kerkhof, G.A., & Bögels, S.M. (2012). Adolescents’ sleep in low-

stress and high-stress (exam) times: A prospective quasi-experiment. Behavioral Sleep Medicine, doi:

10.1080/15402002.2012.670675.



110

Abstract 

This prospective quasi-experiment (N=175; mean age: 15.14 years) investigates changes in 

adolescents’ sleep from low-stress (regular school week) to high-stress times (exam week) 

and examines the (moderating) role of chronic sleep reduction, baseline stress, and gender.

Sleep was monitored over three consecutive weeks using actigraphy. Adolescents’ sleep 

was more fragmented during the high-stress time than during the low-stress time, meaning 

that individuals slept more restless during stressful times. However, sleep efficiency, total 

sleep time, and sleep onset latency remained stable throughout the three consecutive weeks. 

High chronic sleep reduction was related to later bedtimes, later sleep start times, later sleep 

end times, later getting up times, and more time spent in bed. Furthermore, low chronic 

sleep reduction and high baseline stress were related to more fragmented sleep during 

stressful times. This study shows that stressful times can have negative effects on 

adolescents’ sleep fragmentation, especially for adolescents with low chronic sleep reduction 

or high baseline stress.
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6.1. Introduction
Stress is closely related to impaired sleep in cross-sectional studies (Åkerstedt, 2006). 

However, experimental and longitudinal research on this complex relationship is limited. 

From experimental studies in animals it is known that acute stress (Pawlyk, Morrison, Ross, 

& Brennan, 2008) as well as mild chronic stressors (Cheeta, Ruigt, van Proosdij, & Willner, 

1997) were found to cause changes in rats’ sleep architecture and reductions in their sleep 

efficiency (Papale, Andersen, Antunes, Alvarenga, & Tufik, 2005). The limited findings from 

human studies are in line with the above-described animal research as they show that higher 

cortisol levels, indicating higher stress levels, were related to shorter subjective and 

objective total sleep time (TST) and poorer sleep quality (El-Sheikh, Buckhalt,  Keller, & 

Granger, 2008). Furthermore, individuals’ perception of stress was associated with an 

increased risk of subjectively measured poor sleep (Fortunato & Harsh, 2006; Tworoger, 

Davis, Vitiello, Lentz, & McTiernan, 2005) as well as objectively measured decreased sleep 

efficiency (Åkerstedt, 2006). Moreover, psychosocial (e.g., stressful life-events) and 

physiological stress (e.g., norepinephrine levels) were associated with increased nightly 

variability in individuals’ TST and sleep fragmentation, which can be interpreted as an 

indicator of restlessness (Mezick et al., 2009). Results from a study in college students 

demonstrated that stress about examination was accompanied by suppression of the cardio 

respiratory resting function during sleep (Sakakibara, Kanematsu, Yasuma, & Hayano, 2008). 

To summarize, animal studies as well as human studies indicate that stress 

negatively affects sleep. However, insufficient sleep over time can become a source of 

stress on its own (Åkerstedt, 2006) and can result in severe psychological and physiological 

consequences, such as behavioral problems, poor emotional wellbeing, impaired cognitive 

and school performance, and even detrimental neurobiological changes (Curcio, Ferrara, & 

De Gennaro, 2006; Fallone, Owens, & Deane, 2002; Wolfson & Carskadon, 2003).  

Considering the high prevalence of sleep problems in adolescents (Liu & Zhou, 2002; Russo, 

Bruni, Lucidi, Ferri, & Violani, 2007) and its impairments on daytime functioning, research 

examining the influence of stressful times on adolescents’ sleep is of high importance. To 

date, no study has been conducted that investigates changes in adolescents’ sleep from 

low-stress to high-stress times. 

Experiments manipulating children’s psychological stress to measure stress related 

consequences over a longer time (e.g., sleep changes) involve ethical and methodological 

problems. A quasi-experiment in a natural situation can overcome some of these problems 

and gives an accurate picture of individuals’ stress perception. One situation in which 

adolescents experience stress is just before and during exam weeks. Therefore, this time 

provides a natural stressful situation which can be used to study the effects of stressful times.
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To the authors’ knowledge, to date only one study exists investigating the relationship 

between adolescents’ sleep and stress prior to their examination (Robinson, Alexander & 

Gradisar, 2009). Results from this study show no significant relationship between self-

reported sleep duration and stress, however, the study only included self-reports and did not 

compare adolescents’ sleep during the stressful examination time to their sleep during a 

stress-free period. Therefore, the question whether or not stressful times were related to 

changes in students’ sleep remained unanswered. In order to examine the relationship 

between stress and changes in sleep in adolescents, we chose a design consisting of a low-

stress period (baseline week), a stress anticipation period (pre-exam week), and a high-

stress period (exam week). This design enables us to study effects of stressful times as well 

as anticipation of the stressful time on adolescents’ sleep. To test our assumption that stress 

would increase over time, perceived daily stress was assessed during the three consecutive 

weeks. 

During adolescence individuals often experience poor and insufficient sleep over a 

long time period, which can result in chronic sleep reduction (Loessl et al., 2008; Meijer, 

2008). Sleep duration may not always be the best indicator of chronic sleep reduction as it 

does not account for the large differences in sleep need between individuals. The Chronic 

Sleep Reduction Questionnaire (CSRQ; Meijer, 2008) overcomes this problem by measuring 

adolescents’ symptoms of insufficient and/or poor sleep, rather than sleep variables (e.g., 

sleep duration) directly. These symptoms include shortness of sleep, sleepiness, irritation, 

and loss of energy, which affect adolescents’ daytime functioning. It can be speculated that 

symptoms of chronic sleep reduction act as an additional stressor on individuals’ sleep 

(Åkerstedt, 2006). Based on this idea we can expect that changes in sleep from low-stress to 

high-stress times may be moderated by adolescents’ chronic sleep reduction. Such an effect 

implies that individuals with higher chronic sleep reduction may not only differ in sleep in 

general, but also experience different changes in sleep during high-stress times compared to 

individuals with lower chronic sleep reduction. Moreover, due to the relationship between 

stress and sleep described earlier, baseline stress level may also differentially affect sleep 

during high-stress times. Finally, we examine gender differences. Although it is known that 

sleep problems are more common in females than in males (Arber, Bote, & Meadows, 2009; 

Groeger, Zijlstra, & Dijk, 2004), few gender differences have been reported for sleep in 

general (Meijer, Habekothe, & van Den Wittenboer, 2000; Voderholzer, Al-Shajlawi, Weske, 

Feige, & Riemann, 2003). However, bedtimes and TSTs change during puberty (Laberge et 

al., 2001; Park et al., 2001) and may differ for boys and girls due to earlier puberty onset of 

girls. Besides this, females often experience more stress than males, especially when being 

confronted with stressful situations (Huizinga et al., 2005; Matud, 2004). Based on this 
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evidence, it is likely that changes in sleep from low-stress times to high-stress times may be 

moderated by individuals’ chronic sleep reduction, baseline stress level, or gender.

The present study explores the relationships between stress and sleep in a sample of 

175 adolescents by using a natural prospective quasi-experiment (exam stress) during three 

consecutive weeks while assessing sleep with objective sleep measures (actigraphy). The 

aim of this study is twofold: First, we examine changes in sleep from low-stress times 

(baseline week) to high-stress times (exam week). Second, we try to gain more insight into 

the (moderating) effects of chronic sleep reduction, baseline stress level, and gender.

6.2. Method
6.2.1. Participants

Participants were recruited from high schools in and around Amsterdam. Schools were 

included in the study if they met the following criteria: (1) Students had an exam week during 

which exams had to be taken on almost every day of the week and (2) the two weeks prior to 

the exam week were considered as standard school weeks, meaning that no exams had to 

be taken and students had regular school times. No further selection criteria for the students 

were applied. The response rate of students who were willing to participate was 59.09% 

(N=182). From this group seven students had to be excluded from the analyses because 

they did not wear their actiwatch (six students) or because of a technical failure of the device 

(one student). The final sample consisted of 175 participants (70.8 % female) who were 

recruited from five different schools in and around Amsterdam. All participants were 

attending year three or four, preparing for university level. Age ranged from 12.18 years to 

16.50 years (mean age: 15.14 years). Because socio-economic status and race appear to 

moderate the relationship between sleep and cognitive functioning (Buckhalt, El-Sheikh, & 

Keller, 2007), we included only students of comparable educational level. The number of 

children in the family ranged from one to eight (mean: 2.29 children). The sample consisted 

of 66.9 % families with two working parents, of 25.1 % families with one working parent, and 

of 1.7% families with two non-working parents (5.1% missing). The majority of the parents 

was married or lived together (71.4 %), whereas 18.3% were divorced (5.6% of the 

participants reported a different family situation; 4.7 % missing). Most of the fathers (81.7%) 

and mothers (79.4%) were born in the Netherlands. More than half of our participants 

reported being an evening person (54.3%), whereas only 13.1% considered themselves as a 

morning person.
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6.2.2. Procedure

The study was conducted with the approval of the University of Amsterdam Review Board. 

High schools in and around Amsterdam were contacted for participation and active informed 

consent was obtained from participating schools, parents, and participants. Demographic 

data and baseline stress level were assessed during school times. After participants filled in 

the questionnaires, they received an actiwatch and their login information for their daily sleep 

diary. Sleep diaries included questions on daily perceived stress (on school days), bedtimes, 

and getting up times, being needed for the actigraphy analyses. Sleep was monitored during 

three consecutive weeks (15 school nights (Sunday to Thursday night) and four weekend 

nights (Friday and Saturday night). The first week was considered as a low-stress period 

(baseline week), the second week was the week prior to the exams (pre-exam week), and 

the last week was the exam week (high-stress period). We assumed that stress would 

increase from the baseline week to the exam week. A measure of chronic sleep reduction 

(see paragraph on Measures) was included in the online sleep diaries on the first day. After 

the actiwatches were returned, participants received a summary of their actigraphy data, 

were thanked and debriefed. 

6.2.3. Measures

6.2.3.1. Objective sleep assessment 

Actigraphy involves use of a wristwatch-like portable device that can record movements over 

an extended period of time (e.g., a few weeks) and is known to be a reliable and valid 

measure to study sleep in a natural environment (Kushida et al., 2001; Morgenthaler et al., 

2007). Subjective sleep measurements have some disadvantages as they often over- or

underestimate sleep and wakefulness. Furthermore, individuals may give socially desirable 

answers that do not accurately represent their sleep. As actigraphy overcomes these 

disadvantages, resulting in more precise and reliable sleep measures (Wolfson et al., 2003), 

participants’ sleep activity was monitored using AW4 actiwatches (Cambridge 

Neurotechnology Ltd., Cambridge, UK).  Nocturnal activity data were logged at one minute 

epochs and scored with the Actiwatch Sleep Analysis 7 software. As recommended by the 

manufacturer, we used the medium sensitivity sleep algorithm. It has been shown that this 

algorithm corresponds well with polysomnographic estimates (Kushida et al., 2001).

Participants were instructed to wear the actigraph on their nondominant wrist when they 

went to bed and remove it in the morning after they got up. The following sleep parameters 

were calculated: (a) time in bed (TIB): time between participants’ bedtime and rise time, (b) 

sleep onset latency (SOL): time spent awake before falling asleep (time between bedtime 
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and sleep start), (c) total sleep time (TST): number of minutes that were actually slept, which 

is the time between sleep start and sleep end corrected for the amount of wake time during 

the sleep time, (d) sleep efficiency (defined as 100 x (TST/TIB)): percent of uninterrupted 

night sleep, and (e) sleep fragmentation measured by the fragmentation index. The 

fragmentation index is defined as the sum of (1) the percentage of movement minutes 

(number of minutes moving/assumed sleep period) and (2) the percentage of immobility. The 

percentage of immobility refers to the number of immobile phases of less than one minute as 

a proportion of the number of immobile phases. The fragmentation index is generally used 

as an indicator of restlessness. As recommended elsewhere (Littner et al., 2003; Sadeh & 

Acebo, 2002), we visually examined all actigraphy data and corrected them if deemed 

necessary. In cases in which data obtained from the sleep diaries or the actiwatch marker 

did not match the visual inspection, we applied the following general rule: If the sleep diary 

indicated a bedtime at which it was obvious that the individual was already sleeping, we set 

the bedtime to the first peak before the dropoff. If the reported getting up time was indicated 

at a time at which it was obvious that the individual was still sleeping, we corrected the data 

by changing the getting up time to the first peak after the indicated time.

6.2.3.2. Chronic sleep reduction

Chronic sleep reduction was measured with the Chronic Sleep Reduction Questionnaire 

(CSRQ) (Meijer, 2008). The questionnaire refers to the previous two weeks and taps into 

four different consequences of chronic sleep reduction (Shortage of Sleep (e.g., ‘I am a 

person who does not get enough sleep’), Irritation (e.g., ‘Others think I am easily irritated’), 

Loss of Energy (e.g., ‘Do you have enough energy during the day to do everything?’), and 

Sleepiness (e.g., ‘Do you feel sleepy during the day?’) that are measured by 20 closed-

ended questions with three ordinal response categories ranging from 1 to 3 (higher scores 

indicate more chronic sleep reduction). The CSRQ has been shown to be a reliable and valid 

measurement for chronic sleep reduction in preadolescents and adolescents (Dewald, Short, 

Gradisar, Oort & Meijer, 2012; Meijer, 2008). Cronbach’s alpha in this study was .86.

6.2.3.3. Perceived daily stress  

In order to check the assumption that stress would increase from the baseline week to the 

exam week, we assessed perceived daily stress on school days by two items: ‘I feel 

stressed at the moment’ and ‘I felt stressed at school’, which participants had to rate in the 

sleep diary each day on a 5-point Likert Scale (1=this is not at all true for me; 5= this is 

completely true for me). Cronbach’s alpha of these two items was .71.



116

6.2.3.4. Baseline stress level

Baseline stress level was measured with the Stress Questionnaire for Children (SQC) 

(Hartong et al., 2003). This questionnaire consists of 19 items (e.g., ‘I am often in a hurry’; ‘I 

am tensed; I get easily upset’) being rated on a 4-point Likert Scale (1 = this is not at all true 

for me; 4 = this is true for me). Cronbach’s alpha in this study was .80.

6.2.4. Statistical analyses 

To examine changes in sleep from low-stress to high-stress times (baseline, pre-exam and 

exam week), we used the linear mixed model analyses. The daily measured observations 

are considered as nested within subjects. In mixed-model analyses we can make use of all 

available data, including participants with incomplete data (Snijders & Bosker, 1999).

Therefore, all participants that provided baseline data (regardless of missing data at one or 

more assessment points) were included in the data analyses. Missing values for baseline 

stress level (5.1% missing) and chronic sleep reduction (6.9% missing) were entered 

through the Expectation Maximization (EM) method. Independent t-tests showed that the 

group with and without missing values on chronic sleep reduction and baseline stress did not 

differ significantly from each other on any of the assessed sleep variables (all p > .05). 

6.2.4.1. Changes in sleep from low-stress to high-stress times 

To investigate changes in sleep from low-stress (baseline week) to high-stress times (exam 

week), we fitted a model with a random intercept (to account for individual differences at 

baseline) and regression coefficients that represent deviations from baseline in the pre-exam 

and exam week as well as during the weekends. In order to assess effects of chronic sleep 

reduction, baseline stress level, and gender, we also included regression coefficients for 

these variables. To test moderating effects of chronic sleep reduction, baseline stress level, 

and gender with time period (pre-exam week, exam week), we added interaction effects 

(Snijders & Bosker, 1999). Model fit improvement was tested by comparing the fit of the 

models. Parameters of the last model were only interpreted if the model fit improved 

significantly.

6.2.4.2. Changes in perceived daily stress (manipulation check)

To test whether participants experienced more daily stress during the exam week than 

during the baseline week (manipulation check), we applied the same analyses as described 

above using perceived daily stress as dependent variable. This manipulation check revealed 

that participants’ perceived daily stress level increased over time, showing that individuals 
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experienced more stress during the exam week than during the baseline week (β = .29, p

< .001). Perceived daily stress during the pre-exam week did not significantly differ from the 

baseline week (β = .03, p > .05). Results show that participants with higher chronic sleep 

reduction (β = .20, p < .01) and higher baseline stress levels (β = .22, p < .01) experienced 

more daily stress in general as compared to those with lower chronic sleep reduction and 

lower baseline stress level. Furthermore, girls experienced more daily stress than boys (β

= .24, p < .05). However, no moderation effects were found for chronic sleep reduction, 

baseline stress level, or gender (all p > .05). 

6.3. Results 
6.3.1. Changes in sleep from low-stress to high-stress times

An overview of the descriptive statistics of the sleep variables of all three weeks are 

presented in Table 1.

Table 1. Means (SD) of sleep actigraphy data 

Baseline week Pre-exam week Exam week Weekend 1 Weekend 2

Bed time (hr:min) 22:56 (00:39) 22:55 (00:40) 23:08 (00:43) 00:01 (00:58) 23:52 (00:55)

Getting up time (hr:min) 07:26 (00:46) 07:31 (00:55) 07:42 (01:03) 09:41 (01:00) 09:36 (01:05)

Sleep start (hr:min) 23:18 (00:41) 23:15 (00:41) 23:29 (00:47) 00:18 (00:58) 00:08 (00:55)

Sleep end (hr:min) 07:23 (00:23) 07:28 (00:36) 07:37 (00:38) 09:33 (00:59) 09:29 (1:05)

TIB (hr:min) 08:30 (00:32) 08:36 (00:44) 08:34 (00:44) 09:40 (00:56) 09:44 (00:55)

SOL  (hr:min) 00:22 (00:17) 00:20 (00:19) 00:21 (00:22) 00:16 (00:16) 00:17 (00:14)

TST (hr:min) 06:49  (00:33) 06:54 (00:41) 06:51 (00:38) 7:43 (00:50) 07:50 (00:50)

Sleep efficiency (%) 80.94  (4.79) 80.20 (4.99) 79.88 (5.33) 80.10 (5.85) 80.49 (5.57)

Sleep fragmentation 30.31 (9.09) 31.21 (9.40) 31.17 (9.15) 32.13 (8.97) 32.57 (9.68)

Note. TIB = Time in bed (Time between bed time and getting up time); SOL = sleep onset latency (time between bedtime and 
sleep start); TST = Total sleep time (number of minutes of actually obtained sleep); Weekend 1 = Weekend between baseline 
week and pre-exam week; Weekend 2= Weekend between pre-exam week and exam week

Table 2 presents parameter estimates of the model including all main effects (time effects 

and individual differences) and tests of model fit improvement for all sleep variables. During 

the pre-exam week, participants had later getting up times and later sleep end times in 

comparison to the low-stress period (baseline week). As bedtimes did not change during this 

week, longer TIBs were present during the pre-exam week. Furthermore, participants had 

more fragmented sleep during more stressful times (pre-exam and exam week) compared to 

the low-stress time (baseline week), indicating that they experienced more restlessness 

during times that were characterized by more stress. No significant changes in SOL and 

sleep efficiency were found during the pre-exam and exam week compared to the baseline 
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week. During the high-stress time (exam week) adolescents had later bed times, later getting 

up times, later sleep start times, and later sleep end times than during the low-stress time 

(baseline week).

Furthermore, we found strong weekend effects for most of the sleep variables, 

meaning that adolescents went to bed later, fell asleep later, and woke and got up later in 

the morning. Consequently, they spent more time in bed and slept longer than during the 

baseline week. Their SOL was significantly shorter in the weekends. Interestingly, their sleep 

was more fragmented during the weekends than during the baseline week. We found no 

main effect for baseline stress level and gender for any of the sleep variables. Adolescents 

with higher chronic sleep reduction had later bedtimes, later sleep start times, later sleep 

end times, and later getting up times than adolescents with lower chronic sleep reduction. 

Interestingly, we did not find differences with regard to TST, although they spent less time in 

bed (see Table 2). Individuals with higher chronic sleep reduction had also less fragmented 

sleep. However, significance of this effect disappeared when adding the interaction effect 

with time period. The moderation analysis shows that chronic sleep reduction moderated the 

effect of time period (exam week) on sleep fragmentation (β = -.98; p < .05). More 

specifically, during the high-stress period (exam week) the effects for sleep fragmentation 

were especially present for adolescents with lower chronic sleep reduction.

Figure 1 presents changes in sleep fragmentation over the three consecutive weeks 

for the moderating variable chronic sleep reduction. For the interpretation of the results, lines 

represent changes across time for individuals with mean chronic sleep reduction scores, one 

standard deviation above, and one standard deviation below the mean. Additionally, 

baseline stress level moderated the effects for sleep fragmentation for both the pre-exam (β

= .97; p < .05) and the exam week (β = .96; p < .05), indicating that individuals with higher 

baseline stress levels had more fragmented sleep during the pre-exam and during the exam 

week than individuals with lower baseline stress levels. Figure 2 presents changes in sleep 

fragmentation over the three consecutive weeks for different baseline stress levels. Again, 

for the interpretation of the results, lines represent changes across time for individuals with 

mean baseline stress scores, one standard deviation above, and one standard deviation 

below the mean. 
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Table 2. Model including changes of sleep from low-stress to high-stress times

Note. Weekend 1 = Weekend between baseline week and pre-exam week; Weekend 2= Weekend between pre-exam week and exam week; TIB = Time in bed (time between bed time and getting up time); SOL =Sleep onset 
latency (time between bedtime and sleep start); TST = Total sleep time (number of minutes of actually obtained sleep; Sleep fragmentation was measured with the fragmentation index (i.e. an indicator of restlessness); n.s. = 
not significant.  SE = Standard error; * p < .05 **p < .01 *** p < .001. ¹ Omnibus tests for the significance of (a) the combined time effects, (b) the combined main effects, and (c) the combined moderation effects. χ² represents a 
chi-square test of the difference in model fit between a model and the previous model (e.g.,  the χ² of the model ‘Time effects on sleep’ refers to the difference in model fit between a model without any  predictors and the model 
including the three weeks and weekends as predictors of the outcome variable. A significant χ² indicates a better model fit of the second model

Parameter estimates Bedtime
β (SE)

Getting up time
β (SE)

Sleep start
β (SE)

Sleep end
β (SE)

TIB
β (SE)

SOL
β (SE)

TST
β (SE)

Sleep efficiency
β (SE)

Sleep 
fragmentation
β (SE)

Time effects on sleep 
(compared to baseline)

Pre-exam week .00 (.04) n.s. .12 (.05) ** -.02 (.04) n.s. .11 (.04) * .12 (.05) * -.02 (.02) n.s. .08 (.04) n.s. - .20 (.25) n.s. .83 (.40) *

Exam week .22 (.03) *** .29 (.05) *** .23 (.04) *** .26 (.05) *** .08 (.05) n.s. -.00 (.02) n.s. .02 (.04) n.s. - .47 (.25) n.s. .80 (.40) *

Weekend 1 1.14 (.05) *** 2.30 (.06) *** 1.08 (.05) *** 2.24 (.06) *** 1.16 (.07) *** -.07 (.02)** .91 (.06) *** -.26 (.33) n.s. 1.66 (.53) **

Weekend 2 .98 (.05) *** 2.20 (.06) *** .90 (.05) *** 2.12 (.06) *** 1.22 (.07) *** -.08(.02)** 1.00 (.06) *** .15 (.33) n.s. 1.52 (.54) **

Main effects 

Gender -.03 (.05) n.s. -.02 (.04) n.s. - .05(.05) n.s. -.02 (.04) n.s. .02 (.05) n.s. -.02 (.01) n.s. .06 (.05) n.s. .53 (.38) n.s. -.17 (.69) n.s.

Baseline stress - .04 (.06) n.s. .04 (.05) n.s. - .07 (.06) n.s. .04 (.05) n.s. .08 (.05) n.s. -.02 (.02) n.s. .04 (.06) n.s. -.24 (.44) n.s. 1.41 (.80) n.s. 

Chronic sleep reduction .22 (.06) *** .09 (.04)*. .24 (.06) *** .09 (.04)* -.12 (.06)* .02 (.02) n.s. -.06 (.05) n.s. .27(.42) n.s. -1.90 (.77) ** 

Tests ¹ χ² (df) χ² (df) χ² (df) χ² (df) χ² (df) χ² (df) χ² (df) χ² (df) χ² (df)

Time effects on sleep (a) 784.60(4)*** 1771.38 (4)*** 631.93(4)*** 1736.97(4)*** 534.21(4) *** 19.83(4) *** 478.24 (4)*** 5.13(4) n.s. 13.89 (4)*

Main effects (b) 17.80(3)*** 11.01 (3) ** 19.33(3)*** 10.55(3) ** 5.80(3) n.s. 5.47(3) n.s. 3.64(3)n.s. 3.08(3) n.s. 6.20(3) n.s.

Moderation effects (c) 3.57(6) n.s. 7.65(6) n.s. 7.96(6) n.s 9.22(6) n.s. 4.77 (6) n.s. 12.03(6) n.s. 1.72(6) n.s. 8.74(6) n.s. 14.28(6) *
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Figure 1. Changes in sleep fragmentation from the baseline to the pre-
exam week and the exam week for adolescents with low and high chronic 
sleep reduction

Figure 2. Changes in sleep fragmentation from the baseline to the pre-
exam week and exam week for adolescents with low and high baseline 
stress
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6.4. Discussion
This study investigated changes in adolescents’ sleep during a natural stressful situation 

consisting of a time period of three consecutive weeks (baseline week, pre-exam week, 

exam week). Perceived daily stress was significantly higher in the exam week, in-between in 

the pre-exam week, and lowest in the baseline week, suggesting that the natural 

manipulation did indeed represent differences in perceived stress. Girls reported more daily 

stress than boys. The same held for participants with higher chronic sleep reduction and 

higher baseline stress levels, supporting previous studies which showed that females 

generally experience more stress than males (Matud, 2004), and studies demonstrating a 

relationship between sleep problems that may lead to chronic sleep reduction and stress 

(Fortunato & Harsh, 2006).  

Although our study shows that TST and sleep efficiency were not affected by 

stressful school times, adolescents were more restless during the pre-exam and during the 

exam week, demonstrating that stressful school times can negatively influence adolescents’ 

sleep. The different results for TST, sleep efficiency, and sleep fragmentation show that 

individuals’ sleep during stressful times was characterized by more movements and 

immobility, however, they did not have more wake times after they fell asleep. The changes 

in sleep fragmentation were already present during the pre-exam week, though, participants 

only reported significantly more stress during the exam week but not during the pre-exam 

week. This raises the idea that sleep can be influenced by the anticipation of stressful times 

(Åkerstedt, 2006) without conscious awareness of stress during the day. Individuals often 

experience worry and rumination concerning future and daily events when trying to fall 

asleep (Brand, Gerber, Puhse, & Holsboer-Trachsler, 2010). It is known that pre-sleep 

worries are especially present during stress (Brand et al., 2010). Measuring the content of 

different stress-related (dysfunctional) thoughts and cognitions as well as adolescents’ 

perceived stress level right before their sleep onset could give more insight into this idea. 

Based on evidence showing that pre-sleep cognitions of good and poor sleepers (e.g., 

insomniacs) differ from each other (Harvey, 2000; Harvey & Espie, 2004), differences 

between individuals can be assumed. 

We found strong weekend effects, indicating that adolescents delayed their bedtimes 

and getting up times as well as their sleep start and sleep end times. As a consequence they 

spent more time in bed and slept longer while decreasing their SOLs. Our findings support 

the general idea that adolescents try to compensate their insufficient sleep during the week 

by extending their weekend sleep. This phenomenon may at least partly contribute to the 

development and/or maintenance of sleep disorders such as insomnia and delayed sleep 
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phase syndrome, which are prevalent world-wide occurring sleep disorders in adolescents 

(Gradisar, Gardner, & Dohnt, 2011).

Different school start times during exam periods could explain our results showing 

that participants had later sleep end and getting up times in the pre-exam and the exam 

week. Bedtimes and sleep start times were extended during the exam week but not during 

the pre-exam week, also causing longer TIBs during the pre-exam week. During regular 

school times, schools start in Amsterdam usually between 8:00am and 8:30am, however, 

schools often have irregular schedules just before and during exam weeks, resulting in later 

school start times, which may explain individuals’ extended sleep end and getting up times. 

Later bedtimes during the exam week can for instance be caused by studying and exam 

preparations in the evening. 

In conclusion, we can state that adolescents’ TSTs and sleep efficiencies do not 

change during stressful school times, whereas they tend to be more restless during these 

weeks. Although sleep efficiency is sometimes used as a measure of objective sleep quality, 

it appears to be generally uncorrelated with subjective sleep quality (Sadeh, 2008). As its 

calculation depends on TST and TIB, it can be speculated whether the percentage of 

obtained sleep should rather be interpreted as a measure of sleep duration than of sleep 

quality. Consequently, as we did not find changes in TST, it is not surprising that 

adolescents’ sleep efficiency did not change during the stressful school times. In order to 

gain more insight into the effects of stressful times on subjective sleep quality, future studies 

should include standardized daily self-reports assessing indices such as initiating and 

maintaining sleep, feeling rested when waking up, and satisfaction with sleep (Carney et al.,

2012). 

The second aim of the study was to gain more insight into the (moderating) effects of 

chronic sleep reduction, baseline stress level, and gender. Regarding the influence of 

chronic sleep reduction on the different sleep variables, our results reveal that higher chronic 

sleep reduction was related to later bedtimes, later sleep start times, later getting up times, 

and later sleep end times. It seems that this group of adolescents managed to stay in bed a 

little bit longer in the morning although they had the same school start times than their peers 

with lower chronic sleep reduction. However, the later sleep end times in the morning could 

not compensate for the delayed bedtimes in the evening, resulting in less time spent in bed. 

Chronic sleep reduction did not affect TST supporting previous research (Dewald et al.,

2012). This absent effect may result from the fact that TST does take the existing individual 

differences in sleep need into account. It may therefore be assumed that adolescents

scoring high on the CSRQ may be individuals with higher sleep needs than adolescents 

scoring low on the CSRQ. Furthermore, an increase in sleep fragmentation during the high-
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stress period (exam week) was especially present for participants with lower chronic sleep 

reduction. This finding suggests that chronic sleep reduction moderates the effects of 

stressful times on sleep fragmentation and it can be speculated that chronic sleep reduction 

might buffer the effect of stress on sleep fragmentation. This buffering effect could result 

from a higher sleep pressure, comparable to the effect of sleep restriction on insomnia 

complaints (Guilleminault et al., 2003). The finding that sleep restriction in adolescents 

results in better sleep efficiencies (Morgenthaler et al., 2007) supports this assumption. 

Based on these results, it is not unlikely that sleep restriction prior to stressful exam times 

may prevent sleep fragmentation. Still, more research is needed in order to test this idea, its 

consequences on daytime functioning, and to identify the amount of sleep restriction being 

protective for fragmented sleep. 

Individuals with higher baseline stress levels did not differ from individuals with lower 

baseline stress levels with respect to their sleep, however, they had more fragmented sleep 

during the pre-exam and the exam week than individuals with lower stress levels. This result 

suggests that higher baseline stress levels seem to increase the risk that stressful times are 

related to more fragmented sleep. Boys and girls did not differ in sleep in general and 

changes in sleep were independent of gender. With a sample size of 175 and 19 

observations for most participants, the power to detect such effects at medium size is 

about .99, justifying the conclusion that in this study main effects for baseline stress and 

gender were absent. The absence of gender differences support the idea that, although 

females often report more sleep problems (Groeger et al., 2004), these differences seem to 

be weaker or absent when actual sleep variables are measured (Voderholzer et al., 2003). 

On school nights adolescents spent approximately 8.5 hours in bed while they slept 

less than 7 hours, resulting in low sleep efficiencies (about 80%), which is less than what is 

usually indicated in studies using polysomnography (about 90%). This discrepancy targets 

the general validity of actigraphy in adolescents. A recent study demonstrated that 

actigraphy may overestimate adolescents’ wake time after sleep onset (WASO), 

consequently causing shorter TSTs and lower sleep efficiencies (Short, Gradisar, Lack, 

Wright, & Carskadon, 2012). Careful interpretation of actigraphy data in adolescent samples 

is therefore recommended and further research is needed in order to investigate the validity 

of actigraphy in adolescents. 

6.4.1. Limitations

A few limitations have to be mentioned. First, the sample only consisted of students 

attending the third and fourth classes of the highest level of secondary school in and around 

Amsterdam. Although this homogeneous sample is assumed to hold other factors (e.g., age, 
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IQ, socio economic status, general life style, parental control) relatively constant, it also 

reduces generalizability of the results. In order to investigate possible different effects 

concerning cultural differences and different background variables  (Buckhalt et al., 2007), 

future research should also include participants from other countries, school levels, and 

different economic backgrounds. Second, as coping style has been shown to moderate 

sleep in undergraduate students (Sadeh, Keinan, & Daon, 2004), it is advised that the role of 

coping style in an adolescent population should also be examined. Third, we did not assess 

stressors which the students may have experienced during each week. As such information 

could add to a better understanding of adolescents’ stress experience and perception and its 

possible influence on sleep, we recommend to measure additional stressors in future studies. 

Similarly, we did not assess the number of study hours which may account for differences in 

bedtimes in the exam week and should therefore be considered in the future. 

6.4.2. Conclusions 

To summarize, adolescents’ stressful times did not influence their TST and sleep efficiency 

but were characterized by more fragmented sleep. Individual differences such as chronic 

sleep reduction and baseline stress level moderated the effects of stressful times on sleep 

fragmentation, highlighting the importance of these factors during stressful times. 
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“The best cure for insomnia is to get a lot of sleep.”

-William Claude Fields-
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Abstract

Objective: Sleep problems are common and persistent during adolescence and can have 

negative effects on adolescents’ mood. However, research investigating the effects of sleep 

extension on adolescents’ sleep and depressive symptoms is still lacking. The present study 

aims to investigate the effects of gradual sleep extension in adolescents with chronic sleep 

reduction on objectively measured sleep, self-reported sleep problems, and depressive 

symptoms. 

Method: 55 adolescents with chronic sleep reduction (mean age: 15.44 years; 85.5% female) 

were included in the study. Participants were randomly assigned to either a sleep extension 

group (gradual sleep extension by advancing bedtimes in the evening) or to a control group 

(no instruction). Sleep was measured with actigraphy during three weeks, the first week was 

the baseline week, the last two weeks were the experimental weeks. Other outcome 

variables were self-reported sleep problems and depressive symptoms, which were 

assessed before and after the experimental manipulation.

Results: During the third week of the experiment, adolescents in the sleep extension group 

had earlier bedtimes, earlier sleep onsets, spent more time in bed, and slept longer than 

adolescents in the control group. Their chronic sleep reduction and depressive symptoms 

diminished significantly. In addition, symptoms of circadian rhythm sleep disorder and sleep 

quality seemed to improve. 

Conclusion: Gradual sleep extension has beneficial effects on sleep, self-reported sleep 

problems, and depressive symptoms in adolescents with chronic sleep reduction. The 

present approach has significant clinical and educational implications as it shows that 

advancing bedtimes can extend sleep and improve depressive symptoms. 
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7.1. Introduction
Sleep problems, including insufficient and/or poor sleep, are common and persistent during 

adolescence1,2,3,4. Many adolescents sleep less than their individual sleep need over a long 

period of time, often causing chronic sleep reduction5,6, which can result in severe daytime 

impairments7-12. Sleep deprivation studies show that especially mood can be affected by 

reduced sleep13. To date, a bidirectional link between sleep and depression has been 

reported14. However, longitudinal studies suggest that sleep problems are a potential risk 

factor for the development of depressive symptoms, whereas less evidence was found for 

the opposite relationship15,16. 

Despite evidence for the negative effects of sleep problems, only few studies 

investigated possibilities to extend adolescents’ sleep times. Beneficial effects on sleep (e.g., 

sleep duration, satisfaction with sleep) and daytime functioning (e.g., mood, school 

absenteeism, academic performance) are reported in a limited number of studies in which 

school start times were delayed, providing individuals with the opportunity to obtain more 

sleep17-20. Still, later school start times in high schools are often not supported by the 

society21. 

An alternative approach to extend sleep is to advance bedtimes in the evening22. As 

the circadian system changes only slowly, adolescents’ sleep should be extended gradually. 

Moreover, many adolescents compensate insufficient sleep during the week by extending 

their sleep in the weekends, resulting in irregular sleep timings and jet-lag like symptoms23.

To overcome these adverse effects, the present study combines gradual sleep extension 

during school nights with the prevention of bedtime shifts during weekends. As outlined 

above, many adolescents sleep less than their individual sleep need and consequently suffer 

from chronic sleep reduction6. It can therefore be expected that especially adolescents with 

chronic sleep reduction would benefit from extended sleep times. Furthermore, since earlier 

bedtimes and longer sleep times are associated with less depressive symptoms24, we 

assume that advancing bedtimes may improve sleep and reduce depressive symptoms of 

adolescents with chronic sleep reduction. Therefore, we aim (1) to study whether 

adolescents suffering from chronic sleep reduction are capable to extend their sleep by 

advancing their bedtimes, and (2) to investigate whether this approach affects sleep (e.g., 

total sleep time (TST)), self-reported sleep problems (e.g., insomnia symptoms, sleep 

quality), and depressive symptoms. 
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7.2. Method
7.2.1. Participants

60 adolescents agreed to participate, two adolescents dropped out of the study during the 

experiment. We excluded one individual because of a technical failure during the data 

collection and two because of unreliable data. Data of 55 adolescents (mean age: 15.44 

years (range from 12.76 to 18.52 years), 85.5 % female) were analyzed. All fathers (in 7.3%

information was missing) and mothers (in 10.9% information was missing) were born in the 

Netherlands. In 83.6% of the families both parents were employed and in 16.4% only one 

parent was employed. More than half of the adolescents considered themselves as an 

evening type (67.3%), 9.1 % as a morning type, and 23.6% reported being something in 

between. 

The two groups (sleep extension group: n = 28, control group: n = 27) did not differ 

significantly in age (t(53) = - 1.37, p = .18), self-reported sleep need (t(53) = .95, p = .35), 

and circadian preference (t(53) = 1.87, p = .07). Furthermore, the proportion of boys and 

girls was not significantly different in the two groups (p = .37, Fisher’s exact test), however, 

the number of boys was small in both groups (sleep extension group: n = 5; control group: n 

= 3). 

7.2.2. Procedure

Half of the data were collected in spring 2011 and the other half in autumn 2011.  

Participants from a preceding survey were included in the experiment if their age was 

between 12 and 19 years and if they had a score of ≥ 40 on the Chronic Sleep Reduction 

Questionnaire (CSRQ)6,  which is considered to indicate high chronic sleep reduction25. 

We obtained active informed consent from adolescents and parents. Sleep was 

monitored during the experiment using actigraphy (see description under Measurements). 

Additionally, adolescents completed online sleep diaries. The baseline week started on a 

Friday night. Adolescents’ sleep diaries were daily checked and participants were contacted 

by telephone when inconsistencies were observed or when they had not filled in their sleep 

diary. During the baseline week, participants filled in online questionnaires on sleep 

problems and depressive symptoms (pretest). After the baseline week, participants were 

randomly assigned to the sleep extension group or to the control group. A personal sleep 

schedule was sent to each participant in the sleep extension group and was individually 

explained over the telephone. The experimental week started on a Sunday night, however, 

in order to overcome weekend effects, participants in the sleep extension group were also 

asked not to sleep in on Sunday morning. After the three weeks, participants completed 

online questionnaires on sleep problems and depressive symptoms (posttest). All 
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participants received a 30 Euro gift voucher and a summary of their actigraphy data of the 

baseline week. Schools, parents, and participants received a summary of the study results. 

Figure 1 illustrates the design of the study.

Figure 1. Graphic illustration of the experiment

7.2.3. Experimental manipulation

7.2.3.1. Sleep extension group

Participants received a personal sleep schedule in which bedtimes, light-off times, and rise 

times were provided for each day. Bedtimes, light-off times, and rise times were based on 

their mean bedtimes, light-off times, and rise times that they reported during the baseline 

week. The bedtime/light-off time for the first night was 10 minutes earlier than their mean 

bedtime/light off time. Bedtimes/light-off times were advanced by five minutes (gradual sleep 

extension) each night. Bedtimes/light-off times during the weekends were equal to the Friday 

night before the weekend and participants were allowed to delay their rise time by a 

maximum of one hour. Additionally, we provided an overview of sleep hygiene rules for the 

sleep extension group, which included limiting the use of social media, drinks with caffeine, 
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and napping behavior as well as optimizing the sleep environment (e.g., temperature, 

light/dark, silence).

7.2.3.2. Control group

The control group did not receive any instructions about their sleep. 

7.2.4. Measurements

7.2.4.1. Chronic sleep reduction

Chronic sleep reduction was measured with the Chronic Sleep Reduction Questionnaire 

(CSRQ)6 consisting of 20 items (e.g., ‘I am a person who does not get enough sleep’), which 

refer to the previous two weeks. Each question has three ordinal response categories, with 

higher scores indicating more chronic sleep reduction. The CSRQ appears to be a reliable 

and valid measurement for chronic sleep reduction25. 

7.2.4.2. Sleep 

7.2.4.2.1. Actigraphy

Participants’ sleep was monitored using AW4 actiwatches (Cambridge Neurotechnology Ltd., 

Cambridge, UK). Actigraphy is known to be a reliable and valid measure to study sleep in a 

natural environment26,27. Participants were instructed to wear the actiwatch on their 

nondominant wrist when going to bed and to remove it after getting up. We assessed: (a) 

sleep onset latency (SOL): time between individuals’ bedtime and sleep onset, (b) time in 

bed (TIB): time between participants’ bedtime and rise time, (c) total sleep time (TST): 

number of minutes that individuals actually slept, (d) wake time after sleep onset (WASO): 

wake time between sleep onset and wake up time in the morning, and (e) sleep efficiency 

(defined as 100 x TST/TIB): percent of uninterrupted night sleep. Nocturnal activity data 

were logged at one minute epochs and scored with the Actiwatch Sleep Analysis 7 software. 

As recommended by the manufacturer, we used the medium sensitivity sleep algorithm

which corresponds well with polysomnographic estimates26.

7.2.4.3. Self-reported sleep problems

7.2.4.3.1. Daytime sleepiness
Daytime sleepiness was measured using a pediatric modification of the Epworth Sleepiness 

Scale (ESS)28 which consists of eight items. Participants rate how likely they are to doze in

different situations (e.g., ‘sitting and reading’; ‘watching TV’).  The last item ‘in a car while 

stopped for a few minutes in traffic’ was replaced with ‘doing homework or taking a test’29. 
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Cronbach’s alphas in the present study were .84 and .82 at the pre- and posttest,

respectively.

7.2.4.3.2. Sleep quality
Sleep quality was assessed with a sleep quality questionnaire30 consisting of seven 

questions measuring problems with falling asleep, maintaining sleep, reinitiating sleep, and 

waking up (e.g., ‘I felt well rested when I woke up this morning’). Answers are rated on five-

point Likert scales. Cronbach’s alphas in the present study were .77 and .75 at the pre- and 

posttest, respectively. 

7.2.4.3.3. Insomnia
Insomnia was measured with a scale of the Holland Sleep Disorder Questionnaire (HSDQ)31

measuring different sleep disorders. It consists of seven items (e.g., ‘I feel fatigued during 

the day’) with five-point Likert scales. The item that also measures narcolepsy (‘During 

daytime I may perform ‘on the automatic pilot’, without any recollection of the event’) was 

excluded. Cronbach’s alphas in the present study were .72 and .79 at the pre- and posttest,

respectively. 

7.2.4.3.4. Circadian rhythm sleep disorder
Circadian rhythm sleep disorder was measured with a subscale of the HSDQ31 consisting of 

six items (e.g., ‘I usually fall asleep in the morning hours) with five-point Likert scales. 

Cronbach’s alphas in the present study were .70 and .80 at the pre- and posttest,

respectively. 

7.2.4.4. Depressive symptoms

Depressive symptoms were assessed with the Dutch version of the ‘Children’s Depression 

Inventory’ (CDI)32, which is based on the Beck Depression Inventory (BDI)33 for adults. The 

CDI includes 27 items, each consisting of three statements that are graded in severity (e.g., 

‘I am sad once in a while’, ‘I am sad many times’, ‘I am sad all the time’). The higher the 

assigned value (ranging from 0 to 2), the more severe the symptom is. The total score can 

range from 0 to 54. Cronbach’s alphas in this study were .72. and .77 at the pre- and 

posttest, respectively. 
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7.2.5. Analyses

7.2.5.1. Effects on sleep (actigraphy)

To examine changes in sleep and the effects of the experimental manipulation, we used 

linear mixed model analyses. The daily measured observations are considered as nested 

within subjects. As mixed-model analyses allow inclusion of participants with incomplete 

data34, all participants that provided baseline data (regardless of missing data at one or more 

assessment points) were included in the analyses. We fitted a model with a random intercept 

(to account for individual differences at baseline) and regression coefficients that represent 

deviations from baseline in the second and third week and in the weekends (representing 

time effects during the three weeks of the experiment). To test whether the two groups 

varied in changes in sleep, we added interaction effects (representing additional 

experimental effects in the sleep extension group).  All analyses included age and season 

(spring versus autumn) as control variables. As the number of boys was rather small in both 

groups, gender was not included as control variable. 

7.2.5.2. Effects on self-reported sleep problems and depressive symptoms (questionnaires)

All variables were transformed into standardized z-scores. To test changes in the outcome 

variables from the pre- to the posttest, we used linear mixed model analyses. The pretest 

was used as reference time point, meaning that regression coefficients represent deviations 

from the pretest. To test whether the two groups varied in changes on self-reported sleep

problems and/or depressive symptoms, we also added interaction effects. Again, age and 

season were included as control variables in all analyses.

7.3. Results
7.3.1. Effects on sleep (actigraphy)

Table 1 gives means and standard deviations for the sleep variables for the baseline week, 

the last week, the baseline weekend, and the last weekend. Results from the liner mixed 

model analyses are presented in Table 2. The sleep extension group and the control group 

did not differ on any of the sleep variables during the baseline week. We did not find 

seasonal effects, indicating that the group being tested in autumn did not differ significantly 

on the sleep variables from the group being tested in spring. In comparison to younger 

participants, older participants had later bedtimes, later sleep onset times, they woke and got 

up later, and had shorter SOLs. 

In comparison to the baseline week, bedtimes, sleep onset times, wake up times,

and rise times were delayed during the baseline weekend, resulting in longer TIBs and TSTs. 
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Furthermore, SOLs were significantly shorter during the baseline weekend than during the 

baseline week. 

Participants in the sleep extension group had earlier bedtimes and, although their 

SOLs increased significantly, also earlier sleep onset times during the second and third 

week than participants in the control group (see Table 2 and Figure 2). Therefore, 

adolescents in the sleep extension group also spent more time in bed and slept longer.  

Furthermore, participants in the sleep extension group went to bed earlier, fell asleep earlier, 

and woke and got up earlier during the second and third weekend.  These changes indicate 

that their sleep schedule was advanced. The two groups did not differ significantly in sleep 

efficiencies and WASO times. 

Figure 2. Changes in bedtimes and sleep onset times for the sleep 
extension group and the control group separatly 

Experimental Experimental 
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Table 1. Means and standard deviations of sleep variables for the sleep extension and for the control group (actigraphy)

Sleep extension group Control group

Baseline 
week

Week 3 Baseline 
weekend

Weekend 3 Baseline 
week

Week 3 Baseline 
weekend

Weekend 3

Bedtime (hrs:min) 23:12 (00:46) 22:28 (00:52) 01:14 (02:10) 23:01 (01:01) 23:02 (00:50) 23:06 (00:45) 00:09 (00:52) 00:21 (01:32)

Sleep onset (hrs:min) 23:28 (00:44) 22:59 (00:51) 01:26 (02:08) 23:20 (00:58) 23:27 (00:40) 23:35 (00:42) 00:29 (00:53) 00:42 (01:29)

Wake up  time (hrs:min) 7:41 (00:41) 7:27 (00:40) 9:53 (01:49) 8:20 (00:53) 7:35 (00:46) 7:37 (00:45) 09:19 (01:09) 09:48 (01:22)

Rise time (hrs:min) 7:46 (00:42) 7:28 (00:39) 9:56 (01:50) 8:25 (00:52) 7:39 (00:48) 7:38 (00:45) 09:25 (01:12) 09:54 (01:22)

Sleep onset latency  (hrs:min) 00:16 (00:14) 00:31 (00:21) 00:12 (00:09) 00:19 (00:18) 00:24 (00:23) 00:29 (00:20) 00:21 (00:21) 00:22 (00:22)

Time in bed (hrs:min) 8:33 (00:38) 9:03 (00:43) 8:42 (01:14) 9:24 (01:00) 8:36 (00:49) 8:34 (00:43) 09:16 (01:18) 09:33 (01:39)

Total sleep time (hrs:min) 6:56 (00:32) 7:09 (00:36) 7:18 (01:08) 7:35 (00:55) 6:54 (00:45) 6:49 (00:42) 07:30 (01:07) 07:40 (01:20)

Wake time after sleep onset (hrs:min) 1:18 (00:21) 1:19 (00:20) 1:09 (00:18) 1:25 (00:24) 1:15 (00:24) 1:14 (00:21) 01:20 (00:32) 01:26 (00:28)

Sleep efficiency (%) 81.24 (5.12) 79.15 (4.65) 83.75 (4.04) 80.64 (5.80) 80.61 (6.82) 79.70 (5.55) 81.01 (7.87) 80.35 (5.24)



141

Table 2. Effects of gradual sleep extension on sleep variables (actigraphy)

Bedtime Sleep onset Wake up time Rise time Sleep onset latency Time in bed Total sleep time Wake time after 
sleep onset

Sleep efficiency

β (SE) β (SE) β (SE)  β (SE) β (SE) β (SE) β (SE) β (SE) β (SE)

Time effects*
Baseline week (intercept) 18.69 (1.13) p < .01 19.80 (1.11) p < .01 4.67 (.79) p < .01 4.74 (.81) p < .01 .97 (.31) p = < .01 10.30 (.94) p < .01 8.22 (.89) p < .01 .90 (.59) p =.13 81.37 (8.45) p < .01

Week 2 
(vs. baseline week)

.18 (.07) p = .02 .08 (.08) p = .33 -.08 (.12) p = .52 -.08 (.12) p = .51 -.11 (.04) p = .01 -.34 (.13) p = .01 -.16 (.11) p = .16 -.05 (.04) p = .24 .61 (.56) p = .27

Week 3 
(vs. baseline week)

.15 (.08) p = .07 .22 (.09) p = .02 .05 (.12) p = .69 .04 (.12) p = .73 .06 (.05) p = .23 -.11 (.14) p = .42 -.15 (.11) p = .20 -.05 (.05)  p = .31 -.90 (.62) p = .15

Baseline weekend  
(vs. baseline week)

1.10  (.22) p < .01 1.01 (.22) p < .01 1.93 (.23) p < .01 1.98 (.24) p < .01 -.09 (.05) p = .05 .76 (.23) p < .01 .66 (.20) p < .01 .12 (.06) p = .07 .78 (.71) p = .27

Weekend 2 
(vs. baseline weekend)

.25 (.30) p = .40 .25 (.30) p = .42 .27 (.31) p = .38 .28 (.31) p = .37 -.00 (.05) p = .97 -.11 (.37) p = .77 -.02 (.31) p = .95 -.04 (.09) p = .64 -.34 (.83) p = .68

Weekend 3 
(vs. baseline weekend)

.22 (.26) p = .39 .27 (.26) p = .30 .47 (.28) p = .10 .45 (.28) p = .10 -.01 (.06) p = .89 .39 (.27) p = .15 .20 (.24) p = .40 .10 (.08) p = .20 -.68 (.86) p = .43

Additional experimental effects in the sleep 
extension group 
Sleep extension group baseline week  
(vs. control group baseline week )

.02 (.19) p = .93 -.11 (.19) p = .56 .07 (.17) p = .69 .08 (.18) p = .63 -.11 (.06) p = .08 .04 (.20) p = .86 .09 (.18) p = .60 .04 (.10) p = .72 .68 (1.40) p = .63

Sleep extension group week 2 
(vs. control group week 2)

-.47 (.10) p <.01 -.29 (.12) p = .01 -.16 (.16) p = .32 -.18 (.16) p = .27 .18 (.06) p < .01 .39 (.18) p = .03 .22 (.16) p = .17 .01 (.06) p = .83 -.71 (.76) p = .35

Sleep extension group week 3 
(vs. control group week 3)

-.83 (.11) p < .01 -.62 (.12) p < .01 -.26 (.17) p = .12 -.25 (.17) p = .14 .17 (.07) p = .02 .60 (.20) p < .01 .38 (.16) p = .02 .04 (.07) p = .54 -1.32 (.85) p = .12

Sleep extension group baseline weekend  
(vs. control group baseline weekend)

.78 (.32) p = .02 .80 (.32) p = .02 .09 (.33) p = .78 .03 (.34) p = .92 .03 (.06) p = .64 -.69 (.33) p = .04 -.40 (.29) p = .16 -.23 (.09) p = .01 1.16 (1.01) p = .26

Sleep extension group weekend 2 
(vs. control group weekend 2)

-1.07 (.42) p = .01 -.96 (.42) p = .03 -.86 (.42) p = .04 -.81 (.43) p = .06 .04 (.07) p = .59 .40 (.50) p = .43 .06 (.43) p = .89 .16 (.12) p = .16 -1.31 (1.16) p = .26

Sleep extension group weekend 3 
(vs. control group weekend 3)

-2.17 (.36) p < .01 -2.09 (.37) p < .01 -1.65 (.39) p < .01 -1.61 (.39) p < .01 .08 (.09) p = .34 .52 (.38) p = .17 .24 (.34) p = .47 .17 (.11) p = .13 -1.84 (1.21) p = .13

Control variables

Age .28 (.07) p < .01 .23 (.07) p = < .01 .18 (.05) p < .01 .18 (.05) p = .01 -.04 (.02) p = .05 -.11 (.06) p = .07 -.08 (.06) p = .13 .02 (.04) p = .55 -.03 (.53) p = .95

Season .08 (.19) p = .69 .10 (.19) p = .62 -.02 (.13) p = .88 -.02 (.14) p = .89 -.02 (.05) p = .67 -.10 (.16) p = .54 -.08 (.15) p = .61 -.01 (.10) p = .91 -.56 (1.42) p = .69

Note . * The time effects (changes in sleep during the three weeks of the experiment) refer to both groups. For the sleep extension group the additional experimental effects have to be added
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7.3.2. Effects on sleep problems and depressive symptoms (questionnaires)

Table 3 gives means and standard deviations at the pre- and the posttest for the two groups 

separately. Results from the linear mixed model analyses show that the two groups did not 

differ significantly from each other at the pretest (all p > .05). However, the group effect 

almost reached significance for daytime sleepiness, demonstrating that the sleep extension 

group experienced less daytime sleepiness at baseline than the control group (β = -.48, SE 

= .25, p = .06). Furthermore, no significant effects for age and season were found for any of 

the outcome variables (all p > .05). In comparison to the control group, in the sleep 

extension group chronic sleep reduction (β = - .89, SE = .26, p < .01) and depressive 

symptoms (β = -.41, SE = .16, p = .01) decreased significantly from the pre- to the posttest. 

Additionally, we found effects on sleep quality (β = .33, SE = .18, p = .06) and circadian 

rhythm sleep disorder symptoms (β = -.34, SE = .19, p = .08), however, these effects were 

not significant at the .05 level. At the posttest the two groups did not differ significantly on

self-reported daytime sleepiness and insomnia (all p > .05).

Regression coefficients can be interpreted as effect sizes with .20, .50, and .80,

indicating small, medium, and large effect sizes35 . 

Table 3. Means and standard deviations of self-reported sleep problems and depressive 
symptoms for the sleep extension group and the control group

7.4. Discussion
The present experimental study aimed to investigate the effects of gradual sleep extension 

on adolescents’ sleep, self-reported sleep problems, and depressive symptoms. During the 

third week, adolescents in the sleep extension group had earlier bedtimes, earlier sleep 

onset times, longer TIBs, and longer TSTs than during the baseline week. The changes in 

Sleep extension group Control group

Pretest Posttest Pretest Posttest

Self-reported sleep problems

Sleep quality 13.25 (3.39) 14.46 (2.55) 12.96 (2.65) 13.31 (2.54)

Chronic sleep reduction 41.88 (4.11) 37.04 (6.53) 42.21 (3.60) 41.69 (4.59)

Insomnia 3.20 (.78) 2.96 (.83) 3.26 (.67) 3.16 (.72)

Circadian rhythm sleep disorder 2.71 (.90) 2.36 (.79) 2.92 (.68) 2.81 (.98)

Daytime sleepiness 9.04 (5.03) 7.50 (4.32) 10.92 (4.67) 10.42 (4.57)

Depressive symptoms 12.17 (4.53) 11.18 (5.48) 12.04 (4.92) 12.81 (5.05)
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bedtimes during school nights and during the weekends indicate that adolescents in the 

sleep extension group developed a more regular sleep schedule. Based on these results, it 

can be concluded that adolescents are capable to advance their bedtimes and sleep onset 

times in the evening and thereby extend their sleep.

Adolescents’ chronic sleep reduction and depressive symptoms were significantly 

diminished at the posttest. Concerning the ongoing debate about the bi-directional 

relationship between sleep and depression14, the results from this study support evidence 

from longitudinal research, indicating that improvements in sleep cause improvement in 

depressive symptoms, which is highly relevant for clinical practice. The finding that 

adolescents in the sleep extension group also reported better sleep quality and less 

circadian rhythm sleep disorder symptoms shows that the experiment did indeed change 

aspects of adolescents’ circadian system, bringing it in better alignment with our society (e.g., 

school start times). Consequently, it can be concluded that gradual sleep extension during 

school nights combined with the prevention of bedtime shifts during weekends and sleep 

hygiene rules, does not only improve adolescents' sleep but also positively affects 

depressive symptoms. 

The experimental manipulation did not affect daytime sleepiness and insomnia. The 

non-significant effect on sleepiness is in line with results showing that self-reported 

sleepiness is not affected by longer sleep duration, which may be explained by limited 

awareness due to subjective measures such as self-reports36. It can be speculated that the 

absent effect of insomnia is caused by an interaction of the increased SOLs and the 

extended TSTs. In other words, adolescents slept longer and therefore should have 

improved on one insomnia symptom (obtaining insufficient sleep), however, at the same time 

another symptom, namely the time they needed to fall asleep, was negatively affected. Still, 

more research is needed to shed more light on this complex interplay between different 

insomnia symptoms.

Notwithstanding the strengths of the present experiment, such as the experimental 

manipulation in individuals’ home environment and use of objective and subjective measures, 

some limitations have to be outlined: First, the posttest was conducted at the end of the 

experiment but no follow-up measurement was included in the study design. Therefore, the 

question whether the achieved changes persist over a longer time period cannot be 

answered with the present study. Second, we could not investigate gender effects due to the 

small number of boys in the study. Finally, although we provided sleep hygiene rules to the 

sleep extension group, we could not check whether participants followed these rules. These 

aspects should be examined in future research. 
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In conclusion, this study is the first experimental study showing that gradual sleep extension 

has beneficial effects on sleep, self-reported sleep problems, and depressive symptoms in

adolescents with chronic sleep reduction. This finding has significant clinical and educational 

implications as it may be an attractive alternative to the delay of school start times. 

Furthermore, professionals should consider gradual sleep extension as a possible treatment 

method to improve depressive symptoms in adolescents with chronic sleep reduction. 
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“It is a common experience that a problem difficult at night is 
resolved in the morning after the committee of sleep has worked on 
it.” 

-John Steinbeck-
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Abstract

Study Objective: To investigate the effects of gradual sleep extension on cognitive 

performance in adolescents with chronic sleep reduction. 

Design: Experimental design: Participants were randomly assigned to either a sleep 

extension group (gradual sleep extension by advancing bedtimes in the evening) or to a 

control group (no instruction).

Participants: 55 adolescents with chronic sleep reduction (mean age: 15.44 years; 85.5% 

female).

Interventions/measurements: Sleep was monitored with actigraphy during three weeks, 

the first week was the baseline week, the last two weeks were the experimental weeks. 

Cognitive performance was assessed before and after the experimental manipulation. 

Results: During the last week of the experiment, adolescents in the sleep extension group 

had earlier bedtimes, earlier sleep onsets, spent more time in bed, and slept longer than the 

control group. Furthermore, some aspects of cognitive performance, especially visuo-spatial 

processing, improved significantly in the sleep extension group. 

Conclusion: Gradual sleep extension has beneficial effects on sleep and on some aspects 

of cognitive performance in adolescents with chronic sleep reduction. 
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8.1. Introduction
It has repeatedly been shown that sleep is associated with adolescents’ school performance 

[1]. In order to perform well at school, adolescents have to rely on a wide range of 

intellectual abilities, including different cognitive functions (e.g., attention, working memory, 

executive functioning). However, mixed results have been reported by studies addressing 

the question whether or not adolescents’ cognitive performance is affected by sleep [e.g., 2-

6]. Most studies within this field are cross-sectional studies in which a sample is for instance 

divided into groups based on their sleep (e.g., good versus poor sleeper, long versus short 

sleeper) and these groups are subsequently compared on their cognitive performance. A 

recent meta-analysis of children’s sleep concluded that some cognitive domains, namely 

executive functions and cognitive performance involving multiple cognitive domains, are 

positively affected by longer sleep durations. Interestingly, in contrast with findings from adult 

studies, no significant relationship of sleep duration with sustained attention and memory 

was found [7]. 

Studies in children and adolescents that experimentally restrict sleep and examine its 

effects on cognitive performance are scarce and report mixed results. Randazzo, Muehlbach 

Schweitzer, and Walsh [8] found that sleep restricted children perform especially worse on 

tasks measuring abstract thinking/concept formation and verbal creativity. However, the 

effects of sleep restriction on less-complex cognitive functions, including measures of 

memory, learning, and figural creativity, were absent. Voderholzer and colleagues [9]

concluded that adolescents are quite resilient on divided attention, working memory, 

psychomotor speed, and psychomotor flexibility following different extents of sleep restriction. 

Similarly, Fallone, Acebo, Arnedt, Seifer, and Carskadon [10] found no differences of 

response inhibition and sustained attention between a sleep restricted (4hrs) and an

optimized sleep group (10hrs). Gais, Luca, and Born [11] on the other hand demonstrated 

that sleep following learning has a beneficial effect on declarative memory consolidation.

More than sleep restriction studies, total sleep deprivation studies in children and 

adolescents involve ethical problems. This may explain why to date only one study has been 

published that examined the effects of total sleep deprivation in young adolescents. Results 

from this study show significantly impaired performance on a problem-solving task and a 

word memory task but not on a listening attention and serial alternation task [12]. Taken 

together, the studies highly differ in their operationalization of cognitive performance and in 

study design and it is therefore difficult to draw generalizable conclusions. Generally, it can 

be stated that sleep seems to play a role in at least some domains of cognitive performance 

(especially performance that involves higher order cognitive functions), though effects are 

rather subtle and not very robust. 
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The above-described experimental studies all focus on the effects of sleep deprivation or 

sleep restriction on cognitive performance. However, the effects of experimentally extended 

sleep are of particular interest as such results can contribute to important treatment 

strategies for schools, parents, and clinicians. Despite this need, the study by Sadeh, Gruber, 

and Raviv [13] is the only experiment that investigated the effects of sleep extension on 

children’s cognitive performance. In this study school-aged children were instructed to either 

extend or restrict their sleep for three consecutive nights while their cognitive performance 

was measured before and after the sleep manipulation. Significant improvement of sleep 

and some aspects of cognitive performance were found for the sleep extension group. The 

absence of similar studies in adolescents constitutes an important research gap because 

many adolescents sleep less than their individual sleep need, and consequently suffer from 

naturally induced chronic sleep reduction in their daily life [14]. It has been shown that 

children seem to tolerate a single night of sleep restriction relatively well, whereas relevant 

differences only emerge after prolonged periods of restricted sleep [5]. It can therefore be 

expected that adolescents that have experienced sleep loss for a longer time period may 

benefit from extended sleep in particular. Furthermore, adolescence is a time during which 

important brain developments, especially in the prefrontal cortex, occur [15], suggesting that 

the effects of sleep on cognitive performance are especially present in this age group. 

However, as the circadian system changes only slowly, adolescents’ sleep should 

gradually be extended by stepwise advancing bedtimes. In addition, many adolescents 

compensate insufficient sleep during the week by extending their sleep in the weekends, 

resulting in irregular sleep timings and jet-lag like symptoms [16]. To overcome these 

adverse effects, this experimental study combines gradual sleep extension during school 

nights with the prevention of bedtime shifts during weekends. With this approach the present 

study aims to gain more insight into the effects of gradual sleep extension on cognitive 

performance in adolescents with high chronic sleep reduction. 

8.2. Method
8.2.1. Participants1

60 adolescents agreed to participate, two adolescents dropped out of the study during the 

experiment. We excluded one individual because of a technical failure during the data 

collection and two because of unreliable data. Data of 55 adolescents (mean age: 15.44 

years (range from 12.76 to 18.52 years), 85.5 % female) were analyzed. All fathers (in 7.3%

information was missing) and mothers (in 10.9% information was missing) were born in the 

                                                            
1 Participants in Chapter 8 are equivalent to participants in Chapter 7.
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Netherlands. In 83.6% of the families both parents were employed and in 16.4% only one 

parent was employed. More than half of the adolescents considered themselves as an 

evening type (67.3%), 9.1 % as a morning type, and 23.6% reported being something in 

between. 

The two groups (sleep extension group: n = 28, control group: n = 27) did not differ 

significantly in age (t(53) = - 1.37, p = .18), self-reported sleep need (t(53) = .95, p = .35), 

and circadian preference (t(53) = 1.87, p = .07). Furthermore, the proportion of boys and 

girls was not significantly different in the two groups (p = .37, Fisher’s exact test), however, 

the number of boys was small in both groups (sleep extension group: n = 5; control group: n 

= 3). 

8.2.2. Procedure

Half of the data were collected in spring 2011 and the other half in autumn 2011. Participants 

from a preceding survey were included in the experimental study if their age was between 12 

and 19 years and if they had a score of ≥ 40 on the Chronic Sleep Reduction Questionnaire 

(CSRQ) [14], which indicates high chronic sleep reduction [17].

We obtained active informed consent from adolescents and parents. Sleep was 

monitored during the experiment using actigraphy (see description under Measurements). 

Additionally, adolescents completed online sleep diaries. The baseline week started on a 

Friday night. Adolescents’ sleep diaries were daily checked and participants were contacted 

by telephone when inconsistencies were observed or when they had not filled in their sleep 

diary. During the baseline week, participants completed computerized tests at school

measuring cognitive performance (pretest). Participants were tested individually in a 

separate room at school for about 70 minutes. Verbal task instructions were given before 

each task, emphasizing performance speed and accuracy. To ensure that adolescents 

understood the instructions correctly, practice trials were performed before task assessment.

After the baseline week, participants were randomly assigned to the sleep extension 

group or to the control group. A personal sleep schedule (see Experimental manipulation for 

a more detailed description) was sent to each participant in the sleep extension group and 

was individually explained over the telephone. The experimental week started on a Sunday 

night, however, in order to overcome weekend effects, participants in the sleep extension 

group were also asked not to sleep in on Sunday morning. On the last day of the experiment 

(Friday), cognitive performance was tested at school (posttest). All participants received a 30 

Euro gift voucher and a summary of their actigraphy data of the baseline week. Schools, 

parents, and participants received a summary of the study results. Figure 1 illustrates the 

design of the study.
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Figure 1. Graphic illustration of the experiment2

8.2.3. Experimental manipulation3

8.2.3.1. Sleep extension group

Participants received a personal sleep schedule in which bedtimes, light-off times, and rise 

times were provided for each day. Bedtimes, light-off times, and rise times were based on 

their mean bedtimes, light-off times, and rise times that they reported during the baseline 

week. The bedtime/light-off time for the first night was 10 minutes earlier than their mean 

bedtime/light off time. Bedtimes/light-off times were advanced by five minutes (gradual sleep 

extension) each night. Bedtimes/light-off times during the weekends were equal to the Friday 

night before the weekend and participants were allowed to delay their rise time by a 

maximum of one hour. Additionally, we provided an overview of sleep hygiene rules for the 

sleep extension group, which included limiting the use of social media, consuming only 

limited drinks with caffeine, napping behavior, and optimizing the sleep environment (e.g., 

temperature, light/dark, silence).

                                                            
2 Figure 1 in Chapter 8 is equivalent to Figure 1 in Chapter 7.
3 The experimental manipulation in Chapter 8 is equivalent to the experimental manipulation in Chapter 7.
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8.2.3.2. Control group

The control group did not receive any instructions about their sleep.

8.2.4. Measurements

8.2.4.1. Chronic sleep reduction

Chronic sleep reduction was measured with the Chronic Sleep Reduction Questionnaire 

(CSRQ) [14]. The 20-item CSRQ consists of four scales: ‘Shortage of Sleep’ (6 items; e.g., ‘I 

am a person who does not get enough sleep’), ‘Irritation’ (5 items; e.g., ‘Others think that I 

am easily irritated’), ‘Loss of Energy’ (5 items; e.g., ‘I am active during the day’), and 

‘Sleepiness’ (4 items; ‘Do you feel sleepy during the day?’) and refers to the previous two 

weeks. Each question has three ordinal response categories ranging from 1 to 3, with higher 

scores indicating more chronic sleep reduction. The CSRQ appears to be a reliable and valid 

measurement for chronic sleep reduction [17]. 

8.2.4.2. Sleep

Participants’ sleep activity was monitored using AW4 actiwatches (Cambridge 

Neurotechnology Ltd., Cambridge, UK). Actigraphy involves use of a wristwatch-like portable 

device that can record movements over an extended period of time (e.g., a few weeks). 

Actigraphy is known to be a reliable and valid measure to study sleep in a natural 

environment [18,19]. Participants were instructed to wear the actiwatch on their nondominant 

wrist when going to bed and to remove it after getting up. We assessed: (a) sleep onset 

latency (SOL): time between individuals’ bedtime and sleep onset, (b) time in bed (TIB): time 

between participants’ bedtime and rise time, (c) total sleep time (TST): number of minutes 

that individuals actually slept, which is the time between sleep onset and sleep offset 

corrected for wake times, (d) wake time after sleep onset (WASO): wake time between sleep 

onset and wake up time in the morning, and (e) sleep efficiency (defined as 100 x TST/TIB): 

percent of uninterrupted night sleep. Information about bedtimes (bedtime and rise time) 

from online sleep diaries were used to define the sleep scoring interval. Nocturnal activity 

data were logged at one minute epochs and scored with the Actiwatch Sleep Analysis 7 

software. As recommended by the manufacturer, we used the medium sensitivity sleep 

algorithm. It has been shown that this algorithm corresponds well with polysomnographic 

estimates [19]. 
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8.2.4.3. Cognitive performance

We used three tasks from the Amsterdam Neuropsychological Tasks (ANT) program [20] to

assess cognitive performance. In these tasks test stimuli are presented on a computer 

screen. Participants have to respond to the stimuli by pressing the right (‘yes’ for right-

handed, ‘no’ for left-handed participants) or the left (‘no’ for right-handed, ‘yes’ for left-

handed participants) mouse button. The following parameters were calculated for each task:

(1) speed: Mean reaction time (RT) across all correct responses (in ms) was computed as 

an index for speed and information processing, (2) speed variability: The mean within-

standard deviation of RT across all correct responses was used as a measure of speed 

variability, (3) accuracy of processing: The mean proportion of errors was used as an index 

of accuracy of processing, and (4) overall performance efficiency: It has been shown that a 

score that combines speed and accuracy would be a better representation of the overall 

performance efficiency than interpreting RTs and error rates alone [21]. Therefore, we 

additionally used the suggested measure as an indication of overall performance efficiency, 

which is defined as the mean correct RTs divided by the proportion of correct responses 

(RT/p(Correct)). Consequently, lower scores on this measure indicate better overall 

performance efficiency. 

8.2.4.3.1. Simple reaction time
Simple RT was measured with the Baseline Speed task. In this task a fixation cross is 

displayed on the computer screen which changes into a white square (signal). Participants 

are asked to respond to this signal by pressing the mouse key as fast as possible. After the 

mouse button was pressed, the cross reappears. Timing between signals is controlled by a 

random post-response interval of 500 to 2500 ms. The task consists of two parts with 32 

trials for each index finger. For the analyses we used the overall scores for both trials 

together. 

8.2.4.3.2. Visuo-spatial processing

This task mainly measures working memory monitoring. Participants have to memorize a 

visuo-spatial pattern (a 3 x 3 matrix containing of six white ad three red squares). Afterwards,

four pattern matrices are presented and participants have to detect the memorized matrix. 

The test consists of 80 trials of which 50% are target trials. Of the other 40 trials of non-

target patterns, half look very similar to the target pattern, the other half look very dissimilar 

to the target pattern.
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8.2.4.3.3. Working memory capacity
We used a divided attention (letter detection) task to asses working memory capacity. This 

task uses a four-letter display load. The memory load is increased across task parts by 

increasing the number of letters to be detected in the presented signals from 1 to 3 in part 1,

2, and 3, respectively. The task parts consist of 40, 72, and 96 trials, respectively, each with 

50% target trials (‘yes’ key) and 50% non-target trials (‘no’ key).

8.2.5. Analyses

8.2.5.1. Effects on sleep variables (actigraphy)4

To examine changes in sleep and the effects of the experimental manipulation, we used 

linear mixed model analyses. The daily measured observations are considered as nested 

within subjects. As mixed-model analyses allow inclusion of participants with incomplete 

data [22], all participants that provided baseline data (regardless of missing data at one or 

more assessment points) were included in the analyses. We fitted a model with a random 

intercept (to account for individual differences at baseline) and regression coefficients that 

represent deviations from baseline in the second and third week and in the weekends

(representing time effects during the three weeks of the experiment). To test whether the two 

groups varied in changes in sleep, we added interaction effects (representing additional 

experimental effects in the sleep extension group). All analyses included age and season 

(spring versus autumn) as control variables. As the number of boys was small in both groups,

gender was not included as control variable.

8.2.5.2. Effects on cognitive performance

After removing outliers for each outcome measure (α = .001), we conducted repeated 

measures ANCOVAs for each outcome variable separately, using ‘group’ (sleep extension 

versus control group) as between-subject factor and ‘time’ (pre-and posttest) as the repeated 

within-subject factor. Age and season were used as control variables.

8.3. Results
8.3.1. Effects on sleep variables (actigraphy)5

Table 1 gives means and standard deviations for the sleep variables for the baseline week, 

the last week, the baseline weekend, and the last weekend. Results from the linear mixed 

model analyses are presented in Table 2. The sleep extension and the control group did not 

                                                            
4 The analysis of the sleep variables in Chapter 8 are equivalent to the analyses of the sleep variables in Chapter 7. 
5 The results of sleep variables in Chapter 8 are equivalent to the results of the sleep variables in Chapter 7. 
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differ on any of the sleep variables during the baseline week. We did not find seasonal 

effects, indicating that the group being tested in autumn did not differ significantly on the 

sleep variables from the group being tested in spring. In comparison to younger participants, 

older participants had later bedtimes, later sleep onset times, they woke and got up later,

and had shorter SOLs. Bedtimes, sleep onset times, wake up times, and rise times were 

delayed during the baseline weekend, resulting in longer TIBs and TSTs than during the 

baseline week. Furthermore, SOLs were significantly shorter during the baseline weekend 

than during the baseline week. 

Participants in the sleep extension group had earlier bedtimes and, although their 

SOLs increased significantly, also earlier sleep onset times during the second and third 

week than participants in the control group (see Table 2). Therefore, adolescents in the 

sleep extension group also spent more time in bed and slept longer (see Figure 2). 

Furthermore, participants in the sleep extension group went to bed earlier, fell asleep earlier, 

and woke and got up earlier during the second and third weekend. These changes indicate 

that the timing of their sleep was advanced. The two groups did not differ significantly in 

sleep efficiencies and WASO times. 

Figure 2. Changes in time in bed and total sleep time for the sleep 

extension group and the control group separatly
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Table 1. Means and standard deviations of sleep variables for the sleep extension and for the control group (actigraphy)6

                                                            
6 Table 1 in Chapter 8 is equivalent to Table 1 in Chapter 7.

Sleep extension group Control group

Baseline 
week

Week 3 Baseline 
weekend

Weekend 3 Baseline 
week

Week 3 Baseline 
weekend

Weekend 3

Bedtime (hrs:min) 23:12 (00:46) 22:28 (00:52) 01:14 (02:10) 23:01 (01:01) 23:02 (00:50) 23:06 (00:45) 00:09 (00:52) 00:21 (01:32)

Sleep onset (hrs:min) 23:28 (00:44) 22:59 (00:51) 01:26 (02:08) 23:20 (00:58) 23:27 (00:40) 23:35 (00:42) 00:29 (00:53) 00:42 (01:29)

Wake up  time (hrs:min) 7:41 (00:41) 7:27 (00:40) 9:53 (01:49) 8:20 (00:53) 7:35 (00:46) 7:37 (00:45) 09:19 (01:09) 09:48 (01:22)

Rise time (hrs:min) 7:46 (00:42) 7:28 (00:39) 9:56 (01:50) 8:25 (00:52) 7:39 (00:48) 7:38 (00:45) 09:25 (01:12) 09:54 (01:22)

Sleep onset latency  (hrs:min) 00:16 (00:14) 00:31 (00:21) 00:12 (00:09) 00:19 (00:18) 00:24 (00:23) 00:29 (00:20) 00:21 (00:21) 00:22 (00:22)

Time in bed (hrs:min) 8:33 (00:38) 9:03 (00:43) 8:42 (01:14) 9:24 (01:00) 8:36 (00:49) 8:34 (00:43) 09:16 (01:18) 09:33 (01:39)

Total sleep time (hrs:min) 6:56 (00:32) 7:09 (00:36) 7:18 (01:08) 7:35 (00:55) 6:54 (00:45) 6:49 (00:42) 07:30 (01:07) 07:40 (01:20)

Wake time after sleep onset (hrs:min) 1:18 (00:21) 1:19 (00:20) 1:09 (00:18) 1:25 (00:24) 1:15 (00:24) 1:14 (00:21) 01:20 (00:32) 01:26 (00:28)

Sleep efficiency (%) 81.24 (5.12) 79.15 (4.65) 83.75 (4.04) 80.64 (5.80) 80.61 (6.82) 79.70 (5.55) 81.01 (7.87) 80.35 (5.24)
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Table 2. Effects of gradual sleep extension on sleep variables (actigraphy) 7

Bedtime Sleep onset Wake up time Rise time Sleep onset latency Time in bed Total sleep time Wake time after 
sleep onset

Sleep efficiency

β (SE) β (SE) β (SE)  β (SE) β (SE) β (SE) β (SE) β (SE) β (SE)

Time effects*
Baseline week (intercept) 18.69 (1.13) p < .01 19.80 (1.11) p < .01 4.67 (.79) p < .01 4.74 (.81) p < .01 .97 (.31) p = < .01 10.30 (.94) p < .01 8.22 (.89) p < .01 .90 (.59) p =.13 81.37 (8.45) p < .01

Week 2 
(vs. baseline week)

.18 (.07) p = .02 .08 (.08) p = .33 -.08 (.12) p = .52 -.08 (.12) p = .51 -.11 (.04) p = .01 -.34 (.13) p = .01 -.16 (.11) p = .16 -.05 (.04) p = .24 .61 (.56) p = .27

Week 3 
(vs. baseline week)

.15 (.08) p = .07 .22 (.09) p = .02 .05 (.12) p = .69 .04 (.12) p = .73 .06 (.05) p = .23 -.11 (.14) p = .42 -.15 (.11) p = .20 -.05 (.05)  p = .31 -.90 (.62) p = .15

Baseline weekend  
(vs. baseline week)

1.10  (.22) p < .01 1.01 (.22) p < .01 1.93 (.23) p < .01 1.98 (.24) p < .01 -.09 (.05) p = .05 .76 (.23) p < .01 .66 (.20) p < .01 .12 (.06) p = .07 .78 (.71) p = .27

Weekend 2 
(vs. baseline weekend)

.25 (.30) p = .40 .25 (.30) p = .42 .27 (.31) p = .38 .28 (.31) p = .37 -.00 (.05) p = .97 -.11 (.37) p = .77 -.02 (.31) p = .95 -.04 (.09) p = .64 -.34 (.83) p = .68

Weekend 3 
(vs. baseline weekend)

.22 (.26) p = .39 .27 (.26) p = .30 .47 (.28) p = .10 .45 (.28) p = .10 -.01 (.06) p = .89 .39 (.27) p = .15 .20 (.24) p = .40 .10 (.08) p = .20 -.68 (.86) p = .43

Additional experimental effects in the sleep 
extension group 
Sleep extension group baseline week  
(vs. control group baseline week )

.02 (.19) p = .93 -.11 (.19) p = .56 .07 (.17) p = .69 .08 (.18) p = .63 -.11 (.06) p = .08 .04 (.20) p = .86 .09 (.18) p = .60 .04 (.10) p = .72 .68 (1.40) p = .63

Sleep extension group week 2 
(vs. control group week 2)

-.47 (.10) p <.01 -.29 (.12) p = .01 -.16 (.16) p = .32 -.18 (.16) p = .27 .18 (.06) p < .01 .39 (.18) p = .03 .22 (.16) p = .17 .01 (.06) p = .83 -.71 (.76) p = .35

Sleep extension group week 3 
(vs. control group week 3)

-.83 (.11) p < .01 -.62 (.12) p < .01 -.26 (.17) p = .12 -.25 (.17) p = .14 .17 (.07) p = .02 .60 (.20) p < .01 .38 (.16) p = .02 .04 (.07) p = .54 -1.32 (.85) p = .12

Sleep extension group baseline weekend  
(vs. control group baseline weekend)

.78 (.32) p = .02 .80 (.32) p = .02 .09 (.33) p = .78 .03 (.34) p = .92 .03 (.06) p = .64 -.69 (.33) p = .04 -.40 (.29) p = .16 -.23 (.09) p = .01 1.16 (1.01) p = .26

Sleep extension group weekend 2 
(vs. control group weekend 2)

-1.07 (.42) p = .01 -.96 (.42) p = .03 -.86 (.42) p = .04 -.81 (.43) p = .06 .04 (.07) p = .59 .40 (.50) p = .43 .06 (.43) p = .89 .16 (.12) p = .16 -1.31 (1.16) p = .26

Sleep extension group weekend 3 
(vs. control group weekend 3)

-2.17 (.36) p < .01 -2.09 (.37) p < .01 -1.65 (.39) p < .01 -1.61 (.39) p < .01 .08 (.09) p = .34 .52 (.38) p = .17 .24 (.34) p = .47 .17 (.11) p = .13 -1.84 (1.21) p = .13

Control variables

Age .28 (.07) p < .01 .23 (.07) p = < .01 .18 (.05) p < .01 .18 (.05) p = .01 -.04 (.02) p = .05 -.11 (.06) p = .07 -.08 (.06) p = .13 .02 (.04) p = .55 -.03 (.53) p = .95

Season .08 (.19) p = .69 .10 (.19) p = .62 -.02 (.13) p = .88 -.02 (.14) p = .89 -.02 (.05) p = .67 -.10 (.16) p = .54 -.08 (.15) p = .61 -.01 (.10) p = .91 -.56 (1.42) p = .69

Note . * The time effects (changes in sleep during the three weeks of the experiment) refer to both groups. For the sleep extension group the additional experimental effects have to be added

                                                            
7 Table 2 in Chapter 8 in equivalent to Table 2 in Chapter 7. 
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8.3.2. Effects on cognitive performance 

Table 3 provides means, standard deviations, and test statistics for all outcome variables.

8.3.2.1. Baseline speed

Speed and speed variability did not change significantly from the pre- to the posttest. 

Furthermore, the sleep extension group did not differ significantly from the control group in 

changes on speed and variability in speed (see Table 4). For this task no measure of 

performance accuracy exists. Therefore, no accuracy score and no score for the overall

performance efficiency could be calculated.

8.3.2.2. Visuo-spatial processing

In both groups RTs on correct responses and speed variability decreased from the pre- to 

the posttest. Still, the significant time*group interaction effect indicates that RTs on correct 

responses decreased significantly more in the sleep extension than in the control group (see 

Figure 3). Although not significant at the .05 level, the proportion of errors increased from the 

pre- to the posttest in the sleep extension group which was not the case in the control group 

(p = .06). Both groups were better on the overall efficiency performance variable, however, 

the sleep extension group improved even more than in the control group (see Figure 4).

8.3.2.3. Working memory capacity

We found a time effect for all variables, meaning that adolescents in both groups had faster 

RTs on correct responses, became less accurate, but had a better overall performance 

efficiency. Furthermore, the sleep extension group became significantly faster on correct 

responses than the control group (see Figure 5). In comparison to the control group, the 

proportion of errors increased significantly more in the sleep extension group from the pre- to 

the posttest (see Figure 6). Despite this increase in errors rates, the two groups did not 

experience significantly different changes on their overall performance efficiency.
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Table 3. Means, standard deviations, and test statistic of cognitive performance for the sleep extension group and the control group 

Note. The main effects for ‘group’ were all not significant (p > .05)

Sleep extension group Control group Time effect Time *group effect

Pretest Posttest Pretest Posttest

Baseline speed
Speed 267.00 ± 29.51 264.04 ± 26.47 272.60 ± 24.58 272.36 ± 27.63 F (1,49) = .24, p = .63 F (1,49) = .05, p = .83
Variability in speed 55.27 ± 17.47 54.31 ± 18.34 59.36 ± 20.53 67.04 ± 35.82 F (1,47) = .71, p = .41 F (1,47) = .52, p = .47

Visuo-spatial processing
Speed 1056.69 ± 176.38 846.08 ± 138.40 1038.38 ± 156.00 918.27 ± 128.85 F (1,48) = 122.42, p <.001 F (1,48) = 10.05, p = .003
Variability in speed 262.95 ± 61.95 206.50 ± 49.83 253.94 ± 56.16 212.87 ± 45.86 F (1,48) = 56.97, p <.001 F (1,48) = 1.29, p = .26
Accuracy (proportion errors) .09 ± .05 .12 ± .07 .10 ± .04 .09 ± .04 F (1,48) = 2.05, p = .16 F (1,48) = 3.80, p = .06
Overall efficiency of performance 1184.62 ± 167.34 948.30 ± 127.32 1158.92 ± 146.34 1026.68 ± 136.00 F (1,48) = 129.34, p <.001 F (1,49) = 11.52, p = .001

Working memory capacity
Speed 712.81 ± 82.30 600.71 ±  75.77 695.59 ± 76.13 616.73 ± 81.42 F (1,49) = 139.87, p <.001 F (1,49) = 4.12, p = .05
Variability in speed 271.68 ± 49.74 212.16 ± 33.93 266.26 ± 59.86 216.97 ± 43.13 F (1,50) = 101.97, p <.001 F (1,50) = .81, p = .37
Accuracy (proportion errors) .05 ± .02 .07 ± .04 .05 ± .02 .05 ± .03 F (1,49) = 7.49, p = .01 F (1,49) = 6.18, p = .02
Overall efficiency of performance 799.54 ± 86.29 684.08 ± 72.26 781.24 ± 86.59 684.19 ± 81.88 F (1,49) = 133.69, p <.001 F (1,50) = 1.26, p = .27
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Figure 3. Changes in speed of visuo-spatial processing in the sleep 
extension group and in the control group

Figure 4. Changes in overall efficiency of visuo-spatial processing in 
the sleep extension group and in the control group
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Figure 5. Changes in speed of working memory capacity in the sleep 
extension group and in the control group

Figure 6. Changes in accuracy (proportion errors) of working memory 
capacity in the sleep extension group and in the control group
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8.4. Discussion
Inconclusive results have been reported from studies addressing the question whether sleep 

affects cognitive performance [e.g., 2,3,5]. Furthermore, only few experimental studies have 

been published investigating the effects of sleep, and especially sleep extension, on 

cognitive performance. To gain more insight into this causal relationship, we conducted an 

experimental study that compared a sleep extension group (bedtimes were gradually 

advanced on school nights and bedtime shifts were prevented on weekend nights) with a 

control group that did not receive any instructions about sleep. Cognitive performance was 

assessed at baseline (pretest) and at the last day of the experiment (posttest). 

Although this experiment was conducted in participants’ natural environment, which 

theoretically provides them with the opportunity to neglect the instructions, our data show 

that adolescents in the sleep extension group followed the instruction of their betimes quite 

well. As a result, they had earlier bedtimes, earlier sleep onsets times, longer TIBs, and 

longer TSTs during the third week. Although their SOLs increased during the experimental 

weeks, they fell asleep earlier than the control group. Furthermore, they advanced their 

sleep schedule in the weekend as they went to bed earlier, fell asleep earlier, and woke and 

got up earlier during the weekends. Based on these results, it can be concluded that the 

experimental manipulation was effective.

Speed in general (RT) and speed variability, as measured by a simple RT task, did 

not change significantly from the pre- to the posttest and the two groups did not differ 

significantly in changes over time. This result is at least partly supported by Sadeh and 

colleagues [13], who found that performance on the simple RT task decreased significantly 

for children who restricted their sleep or who did not experience changes in sleep, but not for 

children that extended their sleep by at least 30 minutes. Furthermore, previous research 

demonstrated that sleep deprivation in children especially affects higher order cognitive 

functions rather than performance on simple RT tasks [7,8]. These findings differ from 

results that have been reported from sleep deprivation studies in adults, which demonstrate 

that sustained attention is highly affected by chronic and total sleep deprivation [e.g., 23,24].

Differences in designs of adult studies and studies that include children or adolescents may 

explain these inconsistencies. Furthermore, differences may result from the fact that, 

independent from the amount of obtained sleep, sustained attention over a prolonged time 

period may be difficult for adolescents. This idea would suggest a ceiling effect of sustained 

attention in adolescents which is not influenced by sleep. 

In the sleep extension group adolescents had faster RTs on correct responses for 

visuo-spatial processing, however, the proportion of errors also increased. Still, as 

participants also became faster on correct responses, we did not find an adverse effect on 
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their overall performance efficiency as is apparent by the result that overall performance 

efficiency enhanced even more in the sleep extension group than in the control group. This 

result raises the idea that adolescents develop more efficient cognitive performance 

strategies when extending their sleep. So, gradual sleep extension can be beneficial for 

higher order cognitive functions which are highly important for adolescents’ school 

performance. Our results are in line with a recent meta-analysis of the relationship between

children’s sleep and cognition which did not find significant effects of sleep on sustained 

attention and memory (implicit and explicit), whereas higher order cognitive functions, such 

as executive functions and cognitive domains that involve multiple cognitive functions, were 

affected by sleep durations [7]. Although this meta-analysis focused on younger children, the 

present study supports the idea that the effects of sleep on cognitive performance are 

different in children and adolescents than those being reported in adults. 

In conclusion, gradual sleep extension did not affect speed of simple RT tasks, 

however, speed of correct responses increased in tasks assessing cognitive performance 

that involve higher order cognitive functions. In contrast with the control group, the sleep 

extension group had increased error rates from the pre- to the posttest, however, the overall 

process efficiency was not negatively affected. The present study is the first experimental 

study that demonstrates that gradually advanced bedtimes and consequently gradual sleep 

extension can improve cognitive performance when being applied to adolescents with 

chronic sleep reduction.
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„So einfach wie möglich. Aber nicht einfacher.“

-Albert Einstein-
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Chapter 9

General Discussion
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9.1. The contribution of this thesis
Due to an interaction of biological (e.g., changes in the circadian system) and environmental 

changes (e.g., social activities, media usage, academic demands), many adolescents

experience insufficient and/or poor sleep, which can have severe consequences on their 

daytime functioning including cognitive performance, emotional well-being, behavior, and 

school performance (Carskadon, 2011; Curcio, Ferrara, & De Gennaro, 2006; Fallone, 

Owens, & Deane, 2002; Meijer, Reitz, Deković, van den Wittenboer, & Stoel, 2010; Mitru, 

Millrood, & Mateika, 2002; Moore & Meltzer, 2008; Wolfson & Carskadon, 2003). As most 

adolescents experience these sleep problems over relatively long time periods, many suffer 

from sleep debt and chronic sleep reduction, which means that they sleep less than their 

individual sleep need or experience poor sleep for a long time period (Loessl et al., 2008; 

Meijer, 2008). 

This thesis extended our knowledge on this topic by using different study designs 

(meta-analysis, cross-sectional design, quasi-experimental design, experimental design) and 

measurements (e.g., self-reports, actigraphy). More specifically, the aims of this thesis were

(1) to disentangle the effects of different aspects of sleep on adolescents’ school 

performance (Chapter 2), (2) to enhance the knowledge about how chronic sleep reduction 

in adolescents can be measured (Chapter 3 & Chapter 4), (3) to examine individual 

differences in vulnerability to sleep loss (Chapter 5), (4) to gain more insight into the 

relationship between sleep and stress in adolescents (Chapter 6), and (5) to investigate the 

effects of gradual sleep extension on depressive symptoms (Chapter 7) and cognitive 

performance (Chapter 8).

9.2. Studying adolescents’ sleep and its effects on daytime functioning
As described earlier, sleep duration and sleep quality seem to represent two different 

aspects of sleep as evidenced by low or non-significant correlations (Liu & Zhou, 2002; 

Meijer, Habekothe, & van den Wittenboer, 2000). However, many studies did not include 

sleep duration and sleep quality as separate variables within the same study when 

assessing their relationship with other outcome variables. Due to differences between 

studies (e.g., operationalization, study design), results can not directly be compared. 

Chapter 2 addressed this problem by conducting a meta-analysis that compared the 

relationships of sleep duration, sleep quality, and sleepiness with school performance. The 

overall results showed the strongest relationship with school performance for sleepiness, 

followed by sleep quality and sleep duration. Furthermore, as the confidence intervals of the 

three associations did not overlap, Chapter 2 highlighted the need to treat sleep duration, 

sleep quality, and sleepiness as separate sleep variables when studying their effects on 
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daytime functioning. Smaller effects of sleep duration might be caused by the fact that sleep 

duration does not take individual sleep need and differences in vulnerability to sleep loss into 

account, which is defined as the magnitude of performance impairment given a fixed amount 

of sleep reduction (van Dongen, Baynard, Maislin, & Dinges, 2004). As these concepts are 

difficult to measure, it was argued in Chapter 2 that the construct of chronic sleep reduction 

might be more relevant for assessing the consequences of sleep reduction or poor sleep. 

Based on this result, the following chapters mainly focused on adolescents’ chronic sleep 

reduction constituting an important step in adolescent sleep research.

9.3. Assessment of chronic sleep reduction in adolescents
Although different aspects of sleep (e.g., sleep duration, sleep quality) are related to 

adolescents’ daytime functioning (e.g., school performance), results may be limited in their 

interpretability as they do not account for individual sleep need. As large individual 

differences in sleep need have been reported by previous studies (van Dongen, Rogers, & 

Dinges, 2003; van Dongen et al., 2004), an assessment method that takes this factor into 

account can give important additional information when studying the effects of sleep on other 

outcome variables. Therefore, Meijer (2008) developed the Chronic Sleep Reduction 

Questionnaire (CSRQ) that overcomes this problem by measuring symptoms of insufficient 

and/or poor sleep rather than assessing sleep variables (e.g. sleep duration) directly. 

Although previous research indicated that this questionnaire is a reliable instrument, more 

information on its psychometric properties, including the validity of the questionnaire, was 

highly needed. Furthermore, an English version would enable its usage in international 

research. Chapter 3 contributed to this research field by validating a Dutch and an English 

CSRQ version and relating it to self-reported school performance. Results from this study 

showed good psychometric properties of the CSRQ and demonstrated that the CSRQ is a 

reliable and valid assessment tool to measure chronic sleep reduction in adolescents. Due to 

the advantages of studying symptoms of insufficient and/or poor sleep (accounting for 

individual sleep need and for chronicity), it was concluded that this measurement is a more 

promising indicator of the effects of sleep problems on adolescents’ daiytime functioning 

than sleep duration. 

However, the associations between the CSRQ subscales and objective sleep 

variables varied across the two CSRQ versions. Correlations were especially low for the 

subscale ‘Irritation’. Based on this result, it was speculated that symptoms of irritation may 

not be a universal symptom of chronic sleep loss that can be observed in all adolescents. 

Therefore, in Chapter 4 a short form of the CSRQ, the CSRQ-SF, was developed in order to 

identify universal symptoms of chronic sleep reduction. Results from these analyses showed
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that none of the items that belong to the Irritation subscale remained in the CSRQ-SF, 

supporting the idea that these items represent a different cluster of symptoms. Chapter 4
furthermore demonstrated that the 9-item CSRQ-SF has equivalent psychometric properties 

as the original CSRQ. Additionally, the questionnaire can distinguish well between clinical 

and non-clinical cases. Due to the limited number of items and the availability of cut-off 

scores, the CSRQ-SF can therefore be seen as a practical tool for clinical and research 

purposes. 

Although this thesis showed that the CSRQ is a promising assessment tool to 

measure chronic sleep reduction in adolescents, more research has to be done to 

understand the complex interplay between the different symptoms of chronic sleep reduction 

and their relationship with other sleep and daytime functioning variables. Furthermore, even 

though the CSRQ captures important symptoms of insufficient and/or poor sleep, prior 

studies also demonstrated consequences of sleep problems on attention, concentration, 

cognitive performance, and school performance (e.g., Dahl & Lewin, 2002). Future research 

should address the question to which extent these consequences represent symptoms of 

chronic sleep reduction and should therefore be added to the CSRQ.

The underlying assumption of the CSRQ is that symptoms of chronic sleep reduction 

only become present if somebody is sleeping less than ones’ individual sleep need or 

experiences poor sleep over a long time period (Meijer, 2008). Therefore, the CSRQ has the 

advantage that it addresses aspects of chronicity. The present CSRQ version refers to 

symptoms of insufficient and/or poor sleep that occurred during the previous two weeks,

however, it does not indicate for how long chronic sleep reduction has been present. 

Concerning this last point, it might be interesting to examine in future, preferably longitudinal 

studies, how much time is needed to develop symptoms of chronic sleep reduction and to 

investigate whether relations with daytime functioning occur after a specific time period. 

As described in Chapter 1, a natural shift in sleep timings occurs during adolescence

when adolescents prefer later bedtimes in the evening and later rise times in the morning 

(Crowley, Acebo, & Carskadon, 2007; Gradisar, Gardner, & Dohnt, 2011). Consequently, 

due to early school times, adolescents get insufficient sleep during the school week which is 

often compensated by extended sleep durations in the weekends (‘catch-up sleep’) (Crowley 

et al., 2007). The timing of sleep of a typical adolescent is therefore characterized by large 

differences in amount of sleep that are obtained on school nights and on weekend nights. It 

should be mentioned that some CSRQ questions refer to school nights only (e.g., ‘Do you 

feel well rested at school?’; ‘I have to struggle to stay awake in class’; ‘I feel very alert at 

school’), whereas others capture consequences of sleep in general (e.g., ‘Do you feel sleepy 

during the day’, ‘When I do not get enough sleep it is more likely that I start an argument’, ‘I 
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am a person who does not get enough sleep’). At present it remains unknown which aspect 

of sleep problems (e.g., sleep debt during the week or differences between sleep times on 

school nights and on weekend nights) particularly contributes to chronic sleep reduction and 

impairments throughout the day. As this is an important question especially for the 

development of treatment programs, future research should address these relationships in 

more detail. Findings from such studies can be used for the focus of future sleep 

improvement programs. For some individuals such programs can for instance focus more on 

sleep extension during the week and for others more on regular sleep schedules. 

9.4. Individual differences in vulnerability to sleep loss
A previous study demonstrated that performance of sleep-deprived individuals can be 

predicted by three distinct performance phenotypes: relatively vulnerable to sleep loss, 

relatively average sensitivity to sleep loss, and relatively resilient to sleep loss (Rajaraman, 

Gribok, Wesensten, Balkin, & Reifman, 2008). The results from Chapter 5 extended this 

idea and suggested that vulnerability to sleep loss might especially be expressed by the 

amount of chronic sleep reduction (as measured by the CSRQ). Chapter 5 addressed this 

question by examining whether daytime functioning variables (including depressive 

symptoms, attention problem, sleepiness, school functioning, school performance) could 

discriminate between individuals with high and low chronic sleep reduction and long and 

short sleep durations (upper and lower quartiles were used to identify extreme groups). The 

presented study clearly demonstrated that daytime functioning was more (and even clinically) 

impaired in adolescents with high chronic sleep reduction and adolescents with short sleep 

durations than in the total sample. On the other hand, adolescents with low chronic sleep 

reduction and long sleep durations showed less impairment in the daytime functioning 

variables when compared to the total sample. Therefore, Chapter 5 supported the idea of 

individual differences in vulnerability to sleep loss. Furthermore, Chapter 5 demonstrated 

that symptoms of insufficient sleep (as measured by the CSRQ) may be a better 

conceptualization to capture the full picture of chronic sleep loss than sleep duration, being 

in line with the idea that has been raised in the previous chapters of this thesis.

9.5. Sleep and stress in adolescents
Although cross-sectional studies showed that stress is closely related to impaired sleep 

(Åkerstedt, 2006), experimental and longitudinal research on this complex relationship is 

limited. The lack of such research may at least partly be the result of ethical and 

methodological problems that arise when manipulating children’s psychological stress to 

measure stress-related consequences over a longer time period (e.g., sleep changes). To 
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overcome this problem, a prospective quasi-experimental design was used in Chapter 6, in 

which sleep was measured over a period of three weeks (two weeks prior to the exam week 

and during the exam week). This design was based on the assumption that the time just 

before and during exam weeks is a time during which adolescents are naturally confronted 

with stress. Based on the idea that chronic sleep reduction acts as an additional stressor 

(Åkerstedt, 2006; Meerlo, Sgoifo, & Suchecki, 2008), it was also investigated whether 

chronic sleep reduction moderates changes in sleep from low-stress to high-stress times. 

In summary, results from this quasi-experiment revealed that adolescents’ total sleep 

time (TST) and sleep efficiency did not change during stressful school times, whereas 

participants did sleep more restless during these weeks. Chronic sleep reduction did not

affect TST, supporting the results from Chapter 3 that indicated non-significant relationships 

between the two CSRQ versions and adolescents’ TSTs. One possible explanation may be 

that TST does not take individual differences in sleep need into account. Based on this idea,

it might be assumed that adolescents scoring high on the CSRQ are individuals that are 

characterized by a higher sleep need than adolescents scoring low on the CSRQ. An 

alternative explanation could be found in the scoring of the actigraphy data. A recent study 

demonstrated that actigraphy may overestimate adolescents’ wake times after sleep onset 

(WASO), consequently leading to smaller values for TSTs (Short, Gradisar, Lack, Wright, & 

Carskadon, 2012). It can be speculated that this overestimation may especially be present 

for adolescents who spend more time in bed and sleep longer.

Furthermore, the sleep of participants with low chronic sleep reduction was more 

fragmented during the high-stress period (exam week) than the sleep of participants with 

high chronic sleep reduction. This finding may indicate a buffering effect of chronic sleep 

reduction on adolescents’ sleep fragmentation, resulting from a higher sleep pressure which 

is comparable to the effect of sleep restriction on insomnia complaints (Guilleminault et al., 

2003). The finding that sleep restriction in adolescents results in better sleep efficiencies 

(Morgenthaler et al., 2007) supports this idea. 

A recent study in adults showed that the feeling of stress/worries at bedtime 

significantly predicted worse subjective sleep quality (Åkerstedt et al., 2012). As the study 

about changes in sleep from low-stress to high-stress times, being presented in Chapter 6,
did not include subjective sleep quality measures, results from this thesis cannot directly be 

compared with this recent study. However, as it can be assumed that exam times are 

particularly characterized by bedtime worries, which may affect subjective sleep quality to a 

larger extent than reduction of TSTs, it is of high interest to address this research question in 

future studies. 
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9.6. Sleep extension in adolescents with chronic sleep reduction  
As described earlier, one important source of changes in sleep timings during adolescence 

can be found in changes in the circadian system (e.g., delayed melatonin onset), causing a 

preference of later bedtimes in the evening and late rise times in the morning. However, due 

to early school start times, adolescents have to get up early in the morning, resulting in a 

misalignment of their biological sleep-wake rhythm with societal demands. Some attempts 

have been made in the past that aimed to meet adolescents’ needs by delaying school start 

times. In these studies sleep (e.g., sleep durations, satisfaction with sleep) and daytime 

functioning variables (e.g., daytime sleepiness, mood, attention level, late arrivals to school, 

school absenteeism, academic performance) improved significantly (Lufi, Tzischinsky, & 

Hadar, 2011; O’Malley & O’Malley, 2008; Owens, Belon, & Moss, 2010, Wahlstrom, 2002). 

Interestingly, in contrast to concerns that this approach could encourage adolescents to 

delay their bedtimes even more, adolescents used the opportunity to actually obtain more 

sleep (Lufi et al., 2011; Owens et al., 2010). However, as later school start times in high 

schools are often not supported by the society (Kirby, Maggi, & D’Angiulli, 2011), this thesis 

addressed the idea of extending adolescents’ sleep by changing their bedtimes in the 

evening.

Chapter 7 and Chapter 8 used an experimental design in which sleep was gradually 

extended by advancing bedtimes in the evening. Extending adolescents’ sleep gradually is 

especially important because the circadian system cannot adapt well to rapid changes of 

advanced bedtimes. Furthermore, as this approach seems to be in conflict with adolescents’ 

natural sleep-wake rhythm (including different sleep schedules on school nights and on 

weekend nights) at first sight, adolescents were instructed not to delay their bedtimes (bed-

and rise time) by more than one hour on weekend nights. One important research question 

of the study described in Chapter 7 and Chapter 8 was to investigate whether adolescents 

can actually shift their bedtimes and sleep onset times. Results from this experiment 

demonstrated that adolescents were indeed capable to advance their bedtimes and also 

their sleep onset times in the evening. This is an important finding which shows that, 

although adolescents’ sleep onset latencies (SOLs) increased during the experimental 

weeks, they fell asleep earlier than the control group. Furthermore, we did not find significant 

changes in sleep efficiency and wake after sleep onset (WASO) times, suggesting that the 

experimental manipulation did not negatively affect adolescents’ sleep. Still, although not 

significant, sleep efficiencies decreased in the sleep extension group. This result is in line 

with previous research showing that longer times in bed (TIBs) are associated with lower 

sleep efficiencies (van Dongen et al., 2003). The effects of the experimental manipulation on 

the sleep variables are extremely important for the following analyses of the data from this 
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study (e.g., effects on depressive symptoms and cognitive performance) as they 

demonstrate that changes in sleep can be the cause of the changes on other outcome 

variables (e.g., depressive symptoms).

Based on the results presented in Chapter 7 and Chapter 8, it can be concluded that 

sleep extension, applied by advancing individuals’ bedtimes in the evening, seems to be 

indeed an attractive alternative to sleep extension by delayed school start times. However, 

advanced bedtimes are in contrast to therapeutic techniques of cognitive behavioral therapy 

for insomnia (CBT-i) which has been shown to be a successful treatment for insomnia 

(Morgenthaler, 2006; Morin, 1999). One important technique of CBT-i is sleep restriction, 

meaning that individuals’ TIB is restricted by delaying bedtimes in the evenings or advancing 

rise times in the morning. When sleep is restricted by delaying the bedtimes, the technique 

especially aims to decrease patients’ SOLs and to weaken the conditioned association 

between ‘lying in bed’ and ‘being awake’. SOLs in Chapter 7 and Chapter 8 increased in the 

sleep extension group after they advanced their bedtimes in the evening. In the experimental 

study of this thesis, the inclusion of participants was based on their CSRQ score (≥ 40), 

however, no exclusion criteria, such as excluding adolescents with insomnia, were applied. 

As the CSRQ measures symptoms of insufficient and/or poor sleep, a high overlap with 

insomnia can be expected. Therefore, it is not unlikely that the sample in Chapter 7 and 

Chapter 8 also included adolescents meeting the criteria for insomnia. However, sleep 

extension may not be the most beneficial approach for adolescents suffering from chronic 

sleep reduction as a consequence of their insomnia. Therefore, future studies should 

address this question and examine whether gradual sleep extension is beneficial for all 

adolescents or only for particular (sub) groups.

Results from Chapter 7 contribute to the ongoing debate about the bi-directional 

relationship between sleep and depression (e.g., Gregory & Sadeh, 2012) as they showed 

that depressive symptoms could be reduced when bedtimes and sleep onsets are gradually 

advanced. Therefore, they support evidence from longitudinal research indicating that sleep 

problems are a potential risk factor for the development of depressive symptoms, whereas 

less evidence was found for the opposite relationship (Gregory, Caspi, Eley, Moffitt, 

O’Connor, & Poulton, 2005; Gregory, Rijsdijk, Lau, Dahl, & Eley, 2009). Still, the reverse 

question, i.e. whether depression treatment also improves sleep in adolescents, should be 

investigated in future studies. 

As only a few experimental studies in adolescents exist investigating the effects of 

sleep extension on cognitive performance, the study presented in Chapter 8 addressed an 

important topic. Results from this chapter showed that the experimental manipulation did not 

affect speed of simple reaction time (RT) tasks, however speed on correct responses 
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increased in tasks assessing cognitive performance that involve higher order cognitive 

functions. In contrast with the control group, error rates increased significantly in the sleep 

extension group from the pre- to the posttest, however, the overall process efficiency was 

not negatively affected. These findings support previous research which demonstrated that, 

in opposite to adult studies, sleep deprivation in children especially affects higher order 

cognitive functions rather than performance on simple RT tasks (Astill, van der Heijden, van 

IJzendoorn, & van Someren, 2012; Randazzo, Muehlbach, Schweitzer, & Walsh, 1998). 

Adolescents have to rely on a wide range of intellectual abilities, including different cognitive 

functions, in order to perform well at school. Therefore, the results from Chapter 8 can be

used to explain the relationships between sleep problems and school performance that have 

been presented in the meta-analysis in Chapter 2. Still, to what extent these results can be 

used to improve adolescents’ school performance by extending their sleep remains to be 

investigated. 

Despite these positive findings, results from the experiment have to be carefully 

interpreted. Depressive symptoms and cognitive performance were measured at the end of 

the experiment, but adolescents’ sleep was extended until the last day. In other words, 

adolescents had just reached the peak of the extended sleep time at the last day of the 

experiment. Whether or not changes in sleep and on the outcome variables remain present 

at follow-up measures needs to be investigated in future studies. Such studies should 

include a stabilization period in which adolescents are asked to keep their last given 

bedtimes for a longer time period (e.g., one week). It is not unlikely that some changes (e.g., 

changes on daytime sleepiness) may require a longer time period of sufficient sleep to 

become present. Furthermore, a follow-up measurement (e.g., after one month) should be 

included in order to investigate whether adolescents are capable to follow the learned sleep 

rules independently after the end of the study. 

9.7. General remarks

Taken together, the presented studies showed relatively little effect of and on sleep 

efficiency. Although sleep efficiency is sometimes used as a measure of objective sleep 

quality, it appears to be generally uncorrelated with subjective sleep quality. As its 

calculation depends on TST and TIB, it can be questioned whether the percentage of 

obtained sleep should be interpreted as a measure of sleep duration rather than of sleep 

quality. In order to gain more insight into the effects of sleep quality, future studies should 

include standardized daily self-reports assessing indices such as initiating and maintaining 

sleep, feeling rested when waking up, and satisfaction with sleep (Carney et al., 2012). The 

usage of daily measures would give more insight into fluctuations of perceived sleep quality 
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(e.g., differences between school nights and weekend nights) and into its relationship with 

daily actigraphy data. Furthermore, using standardized measurements allows for comparison 

of different studies, which would contribute to a better overall understanding of sleep quality 

in adolescents. Still, whether or not the awareness about and confrontation with one’s sleep 

(due to daily reports in sleep diaries) is a helpful method for individuals with sleep problems 

(especially for adolescents with chronic sleep reduction) remains to be investigated.

Furthermore, the studies presented in this thesis showed short TSTs that 

consequently resulted in low sleep efficiencies (about 80%), which is less than what is 

usually indicated in studies using polysomnography (about 90%). This discrepancy threatens 

the general validity of actigraphy in adolescents. As mentioned above, it has been shown 

that actigraphy may overestimate adolescents’ WASOs, consequently causing shorter TSTs 

and lower sleep efficiencies (Short et al., 2012). Careful interpretation of actigraphy data in 

adolescent samples is therefore recommended and further research is needed in order to 

investigate the validity of actigraphy in adolescents.

9.8. Clinical relevance and implications
The results from this thesis are clinically relevant as they indicate that adolescents’ sleep is 

related to their emotional well-being, cognitive performance, and school performance. As the 

CSRQ and the CSRQ-SF appeared to be reliable and valid instruments to measure chronic 

sleep reduction in adolescents, this questionnaire could be used to screen adolescents that 

show problems at school or at home. Screening for chronic sleep reduction can especially 

be useful in clinical settings as it can help to identify individuals who would benefit from 

treatment programs that mainly focus on the improvement of sleep and consequently also 

improve other aspects of their life (e.g., emotional well-being). This idea is strengthened by 

the positive results of the experimental study providing evidence that it is possible to improve 

sleep by applying relatively simple techniques in adolescents’ home environment. These 

techniques included a personal sleep schedule in which bedtimes were gradually advanced, 

the prevention of bedtime shifts on weekend nights, and advise on sleep hygiene rules. 

These techniques are easy to apply and could therefore become a cost-efficient part of 

clinical intervention programs. Furthermore, they could be used in school settings to advice 

adolescents and parents on how they can influence adolescents’ sleep in order to improve 

daytime functioning. In this sense, the results from the last chapters of this thesis may even 

provide a first step in developing a (guided) self-help program for adolescents with chronic 

sleep reduction. 
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Despite the positive findings of the experimental study (Chapter 7 & Chapter 8)

demonstrating the possibility to advance adolescents’ bedtimes and sleep onset times in the 

evening, delayed school start times in the morning should still be considered as an 

alternative way to improve adolescents’ daytime functioning. In opposite to the idea of 

advancing sleep in the evening, aiming at changing adolescents’ circadian system, later 

school start times would per definition be in better alignment with their circadian system 

(Roenneberg et al., 2004). In other words, the two approaches target two different (political) 

viewpoints: Whereas one aims to change adolescents’ biological rhythm in order to meet the 

demands of the society (advancing bedtimes and sleep onset times), the other argues that 

the biological system should be considered in setting societal rules and demands. Whether 

or not the long-term effects of these two approaches are comparable remains to be 

investigated in future research. 

9.9. Conclusions
Based on the findings of this thesis, it can be concluded that different aspects of sleep (sleep 

duration, sleep quality, sleepiness) have to be differentiated when studying the relationship 

between sleep and daytime functioning (e.g., school performance) in adolescents. 

Furthermore, it can be concluded that chronic sleep reduction as assessed by the CSRQ, 

may be a more accurate measure as it takes individual sleep need into account. The CSRQ 

and the CSRQ-SF appeared to be reliable and valid questionnaires which can be used to 

study chronic sleep reduction in adolescents. Adolescents scoring high on the CSRQ 

showed severe impairments on sleep and daytime functioning (including psychological well-

being, school functioning, and school performance) and increased clinical prevalence rates. 

Only subtle changes in sleep were found from adolescents’ low-stress to high-stress (exam) 

times, however, chronic sleep reduction moderated the changes in sleep fragmentation. 

From the results of the experimental study, it can be concluded that gradual sleep extension 

during the week in combination with the prevention of bedtime shifts on weekend nights 

seems to be an efficient strategy to advance sleep onsets, improve sleep, depressive 

symptoms, and at least some aspects of cognitive performance in adolescents with chronic 

sleep reduction. 
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Summary

This thesis aims at gaining more insight into the assessment, consequences, and 

improvement of adolescents’ chronic sleep reduction. The thesis starts with Chapter 2, a 

meta-analysis, in which the effects of different aspects of sleep, namely sleep duration, sleep 

quality, and sleepiness (consequences of insufficient and/or poor sleep), on adolescents’ 

school performance are systematically investigated. Results from this systematic review 

show the strongest associations between sleepiness and school performance, followed by 

sleep quality and school performance and the weakest relationship for sleep duration and 

school performance. These results demonstrate that sleep plays an important role in 

adolescents’ school performance, however, it also highlights the need to differentiate 

between these three aspects of sleep. The relatively weak relationship between sleep 

duration and school performance may be explained by the fact that sleep duration does not 

account for individual sleep need (i.e. amount of sleep an individual needs to be fully awake, 

and not sleepy, during the day). Therefore, the idea is raised that chronic sleep reduction, 

which develops from insufficient and/or poor sleep over a longer time period, may be a better 

construct to investigate the effects of sleep on daytime functioning including school 

performance. Furthermore, Chapter 2 clarifies the need of experimental studies in order to 

gain more insight into causal relationships between sleep and daytime functioning, which 

can help to develop future prevention and treatment programs. 

In Chapter 3 a cross-cultural comparison between Dutch and Australian adolescents 

is made by validating the Dutch and the English Chronic Sleep Reduction Questionnaire 

(CSRQ) version against five nights of actigraphy and relating it to self-reported school 

performance. The study shows that both CSRQ versions are valid and reliable, and 

significantly related to adolescents’ self-reported school performance. Nevertheless, as 

correlations between the objective sleep variables (measured by actigraphy) and the CSRQ 

in Chapter 3 are differentially for the four subscales, it can be speculated that the four 

symptoms being included in the CSRQ do not all represent universe symptoms of chronic 

sleep reduction. This idea is discussed in Chapter 4, in which a shorter version, the Chronic 

Sleep Reduction Questionnaire-Short Form (CSRQ-SF), is developed and validated. The 

CSRQ-SF is shown to be equally reliable and valid as the CSRQ, although it includes only 

nine, rather than 20 items. Furthermore, it is demonstrated that the CSRQ-SF can 

distinguish well between clinical and non-clinical cases. 
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Chapter 5 demostrates the existence of individual differences in vulnerability to chronic 

sleep loss. More specifically, results from this study show that vulnerability to sleep loss

might especially be expressed by the amount of chronic sleep reduction (as measured by 

the CSRQ) rather than by measures of sleep duration. 

With the aim to gain more insight into the relationship between sleep and stress in 

adolescents, Chapter 6 presents a prospective quasi-experiment that investigates changes 

in sleep from low-stress to high stress times (exam week). Furthermore, it addresses the 

question whether chronic sleep reduction moderates changes in sleep during stressful times. 

Results from this study reveal that adolescents experience relatively little changes in sleep 

during stressful times in general. However, especially adolescents with low chronic sleep 

reduction have more fragmented sleep during stressful times (exam weeks). 

Chapter 7 and Chapter 8 present results from an experimental study in which sleep 

of adolescents with high chronic sleep reduction is gradually extended. Results from this 

study indicate that adolescents are indeed capable to extend their sleep by advancing their 

bedtimes in the evening. Chapter 7 additionally shows the beneficial effects of this approach 

on adolescents' self-reported sleep and depressive symptoms. Chapter 8 extends these 

findings by demonstrating that the experimental manipulation affects at least some aspects 

of adolescents’ cognitive performance. 

Based on the results of this thesis, it can be concluded that sleep problems and 

chronic sleep reduction have a high impact on adolescents’ daytime functioning. Additionally, 

this research shows that gradual sleep extension can improve adolescents’ sleep and 

especially their chronic sleep reduction. This approach has beneficial effects on adolescents’ 

depressive symptoms and their cognitive performance. 
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Samenvatting 

Dit proefschrift heeft als doelstelling om meer inzicht te verkrijgen in het meten, de gevolgen 

en het verbeteren van chronisch slaaptekort bij adolescenten. Het proefschrift begint met 

Hoofdstuk 2, een meta-analyse waarin systematisch de effecten onderzocht worden van 

verschillende aspecten van slaap, namelijk slaapduur, slaapkwaliteit en slaperigheid 

(consequentie van onvoldoende en/of slechte slaap), op de schoolprestaties van jongeren. 

De resultaten van dit systematische review laten zien dat de associaties tussen slaperigheid 

en schoolprestaties het sterkst zijn. De relatie tussen slaapkwaliteit en schoolprestatie is 

minder sterk en de zwakste relatie is gevonden tussen slaapduur en schoolprestaties. Deze 

resultaten tonen aan dat slaap belangrijk is voor de schoolprestaties van jongeren. Echter 

maken de bevindingen ook de noodzaak duidelijk om deze drie aspecten van slaap apart te 

onderzoeken. De relatief zwakke relatie tussen slaapduur en schoolprestaties zou verklaard 

kunnen worden door het feit dat slaapduur geen rekening houdt met de individuele 

slaapbehoefte (de hoeveelheid slaap die iemand nodig heeft om overdag volledig wakker, 

en niet slaperig, te zijn). Daarom wordt het idee naar voren gebracht dat chronisch 

slaaptekort, dat ontstaat door onvoldoende en/of slechte slaap over een langere tijd, een 

beter construct is om de effecten van slaap op het dagelijks functioneren, inclusief 

schoolprestaties, te onderzoeken. Tevens wordt in Hoofdstuk 2 een pleidooi gehouden voor 

het belang van experimenteel onderzoek, met als doel meer inzicht te verkrijgen in causale 

relaties tussen slaap en het dagelijkse functioneren van jongeren. Dit kan helpen om 

toekomstige preventie- en behandelprogramma’s te ontwikkelen. 

In Hoofdstuk 3 wordt een cross-culturele vergelijking gemaakt tussen Nederlandse 

en Australische jongeren, door een Nederlandse en Engelse versie van de Chronisch 

Slaaptekort Vragenlijst (Chronic Sleep Reduction Questionnaire; CSRQ) tegen vijf dagen 

actigrafie te valideren en door de vragenlijst aan zelf-gerapporteerde schoolprestaties te 

relateren. De studie laat zien dat beide CSRQ-versies valide en betrouwbaar zijn en dat ze 

significant met de zelf-gerapporteerde schoolprestatie van jongeren samenhangen. Echter, 

omdat correlaties tussen de objectieve slaapvariabelen (door actigrafie gemeten) en de 

CSRQ verschillen voor de vier subschalen, kan gespeculeerd worden dat de vier 

symptomen die door de CSRQ gemeten worden niet allemaal universele symptomen van 

chronisch slaaptekort zijn. Dit idee wordt in Hoofdstuk 4 uitgewerkt door de ontwikkeling en 

validatie van een kortere versie van de Chronisch Slaaptekort Vragenlijst (Chronic Sleep 

Reduction Questionnaire-Short Form; CSRQ-SF). De CSRQ-SF blijkt even betrouwbaar en 

valide te zijn als de CSRQ, hoewel deze maar negen in plaats van 20 items bevat. 
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Bovendien wordt aangetoond dat de CSRQ-SF goed onderscheid kan maken tussen 

klinische en niet klinische gevallen. 

Hoofdstuk 5 laat zien dat er individuele verschillen bestaan in de kwetsbaarheid 

voor chronisch slaaptekort. De resultaten van de studie tonen aan dat kwetsbaarheid voor 

slaaptekort beter wordt aangegeven door de hoeveelheid chronisch slaaptekort zoals 

gemeten met de CSRQ, dan door het meten van iemands slaapduur.

Met het doel inzicht te verkrijgen in de relatie tussen slaap en stress bij adolescenten

beschrijft Hoofdstuk 6 een prospectief quasi-experiment waarin veranderingen in slaap in 

perioden van weinig tot veel stress (proefwerkweek) onderzocht worden. Aanvullend 

beantwoordt deze studie de vraag of chronisch slaaptekort de veranderingen in slaap tijdens 

stressvolle perioden modereert. Resultaten van deze studie laten zien dat jongeren over het 

algemeen tijdens stressvolle perioden relatief weinig veranderingen in slaap ervaren. Echter, 

vooral jongeren met weinig chronisch slaaptekort hebben gefragmenteerde slaap tijdens 

stressvolle perioden (proefwerkweek).

Hoofdstuk 7 en Hoofdstuk 8 presenteren resultaten van een experimentele studie 

waarin slaap van adolescenten met veel chronisch slaaptekort gradueel verlengd is. 

Resultaten van deze studie laten zien dat jongeren inderdaad in staat zijn om slaap te 

verlengen door de bedtijden te vervroegen. Hoofdstuk 7 beschrijft de positieve effecten van 

deze aanpak op zelf-gerapporteerde slaap en depressieve symptomen. Hoofdstuk 8 vult 

deze bevindingen aan door te laten zien dat de experimentele manipulatie een aantal 

aspecten van de cognitieve prestatie van jongeren beïnvloedt. 

Op basis van de resultaten van dit proefschrift kan geconcludeerd worden dat 

slaapproblemen en chronisch slaaptekort een sterke invloed hebben op het dagelijkse 

functioneren van adolescenten. Tevens wordt in dit onderzoek aangegeven dat slaap, en 

vooral chronisch slaaptekort, verbeterd kan worden door graduele slaapextensie. Deze 

aanpak heeft onder andere gunstige gevolgen voor depressieve symptomen en de 

cognitieve prestatie van jongeren. 
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„Dankbarkeit ist das Gedächtnis des Herzens“ 

-Jean Baptiste Massillon-
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„Do not dwell in the past, do not dream of the future, concentrate 
the mind on the present moment“  

-Buddha- 
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