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Sleep is an essential part of our well-being and we spend a third of our lives asleep. 

However, the prevalence of sleep problems is high. According to an international survey 

held in West Europe, 31% of people reported to have sleeping problems (Léger, Poursain, 

Neubauer, & Uchiyama, 2008), such as maintaining sleep or difficulties falling asleep. 

Currently, a Dutch study reported that more than 40% of a community sample indicated to 

feel having slept too little or feel tired during the day for 3-4 days per week (Kroese, De 

Ridder, Evers, & Adriaanse, 2014). Moreover, sleep problems increase with age (Prinz, 1995) 

and are associated with daytime functioning (Wong et al., 2013), stress (Åkerstedt, 

Lekander, Petersén, Kecklund, & Axelsson, 2014), mood (Short & Louca, 2015) and quality 

of life (Strine & Chapman, 2005; Taylor, Lichstein, & Durrence, 2003). The interest from the 

broad public in obtaining a healthier lifestyle is growing, and more people are looking for 

ways to feel rested and energetic during the day. With an increase in prevalence and 

interest, the health industry has responded swiftly and has developed a vast number of 

solutions designed to improve sleep. Many of which are smartphone applications, with 

some accompanied by a wearable sleep tracking device or stand-alone devices (Ko et al., 

2015).  

 

With the recent rise of technology-based interventions for sleep monitoring and increased 

interest in sleep (Ko et al., 2015; Williams, Coveney, & Meadows, 2015), researchers have 

called into question the design of sleep trackers, quality of the reported data, and benefits 

for the clinical practice (Miyamoto, Henderson, Young, Pande, & Han, 2016). Moreover, 

since sleep is related to many health outcomes more insight in the determinants of 

perceived sleep quality is desired. Imagine the following situation: 

 

Helen, a woman in her 20s, is concerned about her sleep. During the day she feels tired and 

less energized. She discusses this with her friend who recommends buying a sleep tracker as 

she had heard that these devices could help to improve the quality of ones sleep. The next 

day Helen buys a sleep tracker with multiple sensors and a variety of options for self-

monitoring different activities. Excited as she is, she starts wearing the device that very 

night. The next morning she is very curious about the results and immediately checks the 

corresponding application. According to the sleep tracking device she had 30 minutes of 

restless sleep and a total of 90 minutes deep sleep. The app rated her sleep with a score of 

85 (0-100). She feels that her night went reasonable compared to her previous experiences, 

but she is not sure how to interpret the sleep information. To her the number of minutes of 

restless sleep appears to be quite high while the amount of deep sleep feels rather short. 

She decides to continue monitoring her sleep for the next two weeks, but her concerns are 

not alleviated. Her own perception is that she had good and bad nights but the data shown 
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by the application does not always match with her experience. Therefore, she decides to go 

to her general practitioner, presenting him with the information.  

 

Several things could be going on in the scenario above. Either Helen indeed has bad nights 

and could benefit from tips and advice on how to improve the quality of her sleep. Or she 

just moves a lot during her sleep and the tracker registers that as restless sleep, which is a 

term that does not sound positive to Helen.  Another option could be that the device is not 

accurate enough, or that Helen’s perception of the quality of her sleep is incorrect. For the 

general practitioner to be able to give adequate advice to a patient it is important to take 

into account what determines the perceived sleep quality and what impact it has to wear a 

sleep monitoring device and how this device is perceived by the user. The main objective of 

this thesis is to determine the factors that comprise the perceived sleep quality of lay people 

in a health monitoring context. Specifically, what are the effects of sleep monitoring on user 

behavior and user awareness and what determines a good night sleep? This chapter 

describes sleep and its associations with other health outcomes. Subsequently, sleep quality 

and a brief overview of the current landscape of sleep trackers are discussed. In addition, 

the relationship between objective sleep measures and perceived sleep quality is evaluated 

and the different research approaches utilized in this thesis are discussed. Lastly, the main 

research objectives are outlined and an overview of the following chapters is presented.   

 

What is sleep?  

 

‘Sleep is a reversible behavioral state of perceptual disengagement from and 

unresponsiveness to the environment’ (Carskadon, Dement, & others, 2005). A night’s sleep 

consists of four to five sleep cycles, each with a duration of about 90 – 110 minutes. Sleep 

is most accurately measured with polysomnography (PSG). In general, PSG records several 

physiological parameters during sleep namely, brain wave activity (electroencephalography 

or EEG), muscle activity (electromyography or EMG), eye movement (electrooculography or 

EOG), respiration and heart rate measures. For more information about sleep physiology 

and classification please see box 1. The above terminology is based on the American 

Academy of Sleep Medicine (AASM) sleep scoring criteria (“AASM Manual for the Scoring of 

Sleep and Associated Events”, 2016). 

 

The exact function of sleep is still poorly understood, but it is known that sleep is important 

for, memory consolidation (Addis, Barense, & Duarte, 2015; Diekelmann & Born, 2010), 

immune function (Besedovsky, Lange, & Born, 2011; Preston, Capellini, McNamara, Barton, 

& Nunn, 2009), endocrine function (Morgan & Tsai, 2016; Spiegel, Leproult, & Van Cauter,  
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Box 1 

Sleep physiology and classification 

Sleep can be divided in Rapid Eye Movement (REM) sleep or non-REM sleep. Non-REM 

sleep is characterized by very slow but relatively high amplitude or high voltage brain 

waves (with the frequency gradually decreasing and the amplitude rising as sleep 

deepens), while REM sleep shows rapid, low-voltage brain waves, more similar to 

normal waking activity. Non-REM sleep can be further divided into the following sleep 

stages N1, N2 and N3. The transition from wakefulness to sleep is called N1. The alpha 

waves (8 – 12 Hz) shown in the EEG during wakefulness turn into theta waves during 

stage N1 (4 – 8 Hz). N1 is a very light sleep, from which a person can be easily woken. 

The next stage is N2, which can be determined by the presences of sleep spindles 

(sudden increase in wave frequency) and K-complexes (sudden increase in wave 

amplitude). Following N2 is stage N3, which is referred to as deep sleep or slow-wave 

sleep (0 – 4 Hz), the amplitude of the delta waves increases and the frequency of the 

waves decreases. Another sleep stage is that of REM sleep, in which dreams are 

reported in a high frequency of times when people are awoken during REM sleep. REM 

sleep is characterized by the complete inhibition of skeletal muscle tone and is regarded 

as light sleep. In the first part of the night, deep sleep prevails, and in the second part 

of the night the amount of deep sleep is reduced and the time spent in REM is increased 

(Figure 1.1) 

 

 

 
Figure 1.1. Normal hypnogram of sleep stage changes over the night for young adults. 

 

 

 

 

Hours of sleep 
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1999) and brain development (Xie et al., 2013). Memory consolidation is an enduring 

process which is modulated by sleep. The restorative function of sleep ensures that the 

immune function and endocrine function recover from preceding waking activities and 

function the next day. Several studies have found a link between sleep and brain plasticity 

(Dang-Vu, Desseilles, Peigneux, & Maquet, 2006; Frank & Benington, 2006). More recently 

research has discovered that sleep modulates metabolic hemostasis in the brain (Xie et al., 

2013). Considering the interaction between sleep and other functions and organs of the 

human body, a large body of research has found associations between sleep and the 

physical and mental well-being. Insufficient sleep has been shown to be linked with obesity 

(Nedeltcheva & Scheer, 2014), diabetes (Boyko et al., 2013), and short sleep duration has 

been associated with cardiovascular disease (Ayas et al., 2003; Gottlieb et al., 2006) and 

mortality (Hublin et al., 2007). 

 

Increased sleep disturbances may affect short-term emotional function (Stewart, Rand, 

Hawkins, & Stines, 2011; Vandekerckhove & Cluydts, 2010)  and chronic sleep disturbances 

may increase the risk of developing mental disorders (Novati et al., 2008). Buysse (2014), 

has proposed a model of sleep health, incorporating the various dimensions of sleep-wake 

function and other outcomes of health (Figure 1.2). In the sleep health model, it is 

interesting that sleep is divided into five dimensions: sleep satisfaction, alertness during the 

day, timing of sleep, sleep efficiency and sleep duration. It is important to make such a 

subdivision since different aspects of sleep can influence the sleep experience and other 

health outcomes. Moreover, the sleep health model takes into account the reciprocal 

relationship between sleep and other health outcomes. The sleep health model is based on 

empirical data, investigating associations between sleep and cellular molecular changes. 

 

 
 

Figure 1.2. Conceptual model of sleep health (Buysse, 2014). 
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Sleep quality in normal sleepers  

 

Based on the link between sleep and health we can deduce that an adequate sleep is 

important. However, there is much less information about the definition of what adequate 

sleep is. Recently, a group of leading sleep scientists have reached a consensus about the 

average sleep duration; they concluded that an adult needs an average of about 7-8 hours 

of sleep per night (Watson et al., 2015). For the other dimensions of sleep no consensus 

exists. People greatly differ in what they consider an optimal sleep. Apart from differences 

in the experienced sleep, sleep quality may also change with age (van den Berg et al., 2009; 

Edwards et al., 2010). 

  

It has been established that the sleep architecture (the cyclical pattern of sleep as it shifts 

between the different sleep stages) changes with age. A meta-analysis has shown 

modifications in a reduction of REM sleep and sleep efficiency and an increase in sleep 

latency, percentage of sleep stage 1 and percentage of sleep stage 2 (Ohayon, Carskadon, 

Guilleminault, & Vitiello, 2004). Unruh et al. (2008) have found similar results, except they 

also observed a clear reduction in slow-wave sleep (deep sleep) in adults. In addition, the 

timing of sleep also changes with age. Older adults experience an advanced sleep/wake 

cycle compared to younger persons (Hofman & Swaab, 1994; Neikrug & Ancoli-Israel, 2010), 

probably caused by an impaired level of the sleep hormone melatonin (Garfinkel, Laudon, 

Nof, & Zisapel, 1995; Lemoine, Nir, Laudon, & Zisapel, 2007) although Duffy et al., (2002) 

found no such an association. Next to sleep architecture and the timing of sleep (circadian 

rhythm of someone), it has been reported that the number of arousals during the night is 

higher for older adults compared to younger age (Carskadon, Brown, & Dement, 1982; 

Edwards et al., 2010; Unruh et al., 2008). Lastly, subjective reports of poorer sleep with 

older age were stronger in women (Van den Berg et al., 2009; Unruh et al., 2008). In 

addition, other studies also observed an increase of sleep complaints with age, however, 

they concluded that sleep complaints may occur secondary to coexisting diseases and not 

to aging per se (Foley, Ancoli-Israel, Britz, & Walsh, 2004; Foley et al., 1995). Sleep is 

physiologically changing with age, whether sleep complaints are only due to the changes in 

sleep and/or other related diseases remains unclear.  

 

Sleep quality can be defined objectively as well as subjectively. However, a person goes to 

the general practitioner when one experiences daytime fatigue or subjective sleeping 

problems. A clear definition of perceived sleep quality is still lacking (Krystal & Edinger, 

2008). This could be because the term sleep quality is used inconsistently in the literature 

(Garfinkel et al., 1995; Pilcher, Ginter, & Sadowsky, 1997). It is important to gain more 
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insight in what determines perceived sleep quality as it can be indicative of sleep problems 

as well as other health outcomes.  

 

Measuring perceived sleep quality 

 

Sleep quality is a construct widely employed and accepted as a variable to distinguish 

between good and poor sleepers or as an outcome criterion for improvements in treatment 

success for sleep disturbances (Black, O’Reilly, Olmstead, Breen, & Irwin, 2015; Ensrud et 

al., 2012). For assessing perceived sleep quality, most commonly used are non-validated 

diaries or questionnaires for which the psychometric properties are unknown. Perceived 

sleep quality is frequently asked with a single question; ‘How well did you sleep?’. A 

disadvantage of such ad hoc questionnaires is that comparisons between studies are not 

feasible as each research group had his own method of assessing perceived sleep quality. 

As a response to this, Buysse et al. (Buysse, Reynolds III, Monk, Berman, & Kupfer, 1989) 

introduced a validated sleep quality questionnaire, named Pittsburgh Sleep Quality Index 

(PSQI), which asked about the sleep quality of the past month. A score above a cut-off score 

of 5, is indicative of having sleep problems. However, some studies see the PSQI more as a 

questionnaire that inquires whether sleep disturbances exists but does not ask in general 

about perceived sleep quality (Hartmann, Carney, Lachowski, & Edinger, 2015). Moreover, 

sleep diaries which can give valuable day-to-day insights in  sleeping patterns still lack a 

standardized variant (Buysse, Ancoli-lsrael, Edinger, Lichstein, & Morin, 2006). Recently, a 

sleep diary was composed by leading sleep experts, called ‘Consensus Sleep Diary’ (CSD) 

(Carney et al., 2012). The CSD consist of a core version and two more advanced versions, 

which take into account other variables that can influence the sleep experience. Perceived 

sleep quality is asked by the single question ‘How well did you sleep?’ rated on a 5-point 

scale. A sleep quality questionnaire that is specifically made to asses sleep quality and sleep 

experiences in normal sleepers on a day-to-day basis does not exist.   

 

Sleep monitoring 

 

The above overview describes how in the field of sleep research the assessment of 

perceived sleep quality is measured. With the increasing popularity of consumer sleep 

trackers, the user is enabled to monitor sleep at home. The choice in sleep trackers is 

considerable, and an illustrative selection is shown in Table 1.1. The sleep trackers can be 

divided in the following categories: the sleep applications, wearables (and their ‘sleep’ 

applications), stand-alone physical objects and sleep platforms. Within the sleep trackers 

technology, the technology that has most expanded over the years, is that of sleep 
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applications, mostly used by the user through a mobile phone. The smartphone is placed 

next to the user during the night and provides, in general, the user with an alarm clock 

function and continuously monitors and logs movement during the night. In 2016, the 

number of mobile health (mHealth) apps listed on major app stores grew by 57% to 259.000 

apps (“The mHealth apps market is getting crowded.”, 2016). Another growth in sleep 

trackers is that of wearables, which involves a sensor placed directly on the body which 

tracks body movement and or biometric information. Moreover, other possibilities in the 

sleep monitoring area are either stand-alone physical objects, like Sense (“Sense by Hello”, 

2016), an object that is placed on the nightstand, or the Withings Aura (“Withings”, 2016), 

which includes a sleep sensor under the matrass. Another possibility for sleep tracking is 

that of sleep platforms, mostly offered through the web (Coulson et al., 2016). Because of 

the relative unobtrusiveness and affordability of sleep trackers, the rise in sleep trackers 

and simultaneously that of health tracking has emerged. Moreover, a new movement was 

founded called: Quantified-self. The movement acknowledges the more dominant position 

of technology in the life of people. But instead of being discontented they embrace the 

technology and use it to track and gather information about themselves to learn from this, 

with the goal to obtain a healthier lifestyle. 

 

In addition to the method of polysomnography to measure sleep, most wearable sleep 

trackers use accelerometers to track body movements. Actigraphy is based on the principle 

that physical movements are increased during wakefulness and reduced during sleep 

(Ancoli-Israel et al., 2003; Sadeh, 2011). However, especially because of the lack of accuracy 

in sleep onset latency with actigraphy (Marino et al., 2013) new methods to measure sleep 

unobtrusively and for sleep classification are in development. A promising new 

development in determining sleep classification without EEG is, among others, with cardiac 

and respiratory features (Long, Fonseca, Haakma, Aarts, & Foussier, 2014). 

 

However, the question arises among researchers and health professionals, how reliable and 

valid these sleep (health) trackers are. Most of the sleep trackers are not validated and 

therefore not compared against the gold standard of measuring sleep; polysomnography. 

There have been very few studies in validating consumer sleep trackers. Some researchers 

have shown in general an overestimation of total sleep time and sleep efficiency and an 

underestimation of wake time after sleep onset (Meltzer, Hiruma, Avis, Montgomery-

Downs, & Valentin, 2015; Montgomery-Downs, Insana, & Bond, 2011; de Zambotti, Baker, 

& Colrain, 2015). Besides the reliability and validity of these sleep trackers, also an 

unanswered matter is what the effect is of these sleep trackers on a persons’ sleep behavior 

and sleep awareness. 
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Table 1.1  

Overview of a small part of the sleep trackers that is available on today’s market.  

 Sensors Measurements Sleep quality score 

Smartphone 
application 

   

Sleep Cycle (“Sleep 
Cycle alarm clock”, 
2017)  

Accelerometer  Bed time, total sleep time, 
and light and deep sleep 
cycles, sleep quality. 

Yes, calculated by 
sleep quantity and 
frequency of 
movement. 

Sleep As Android 
(“Sleep as Android”, 
2017)  

Accelerometer or 
synchronization 
with a wearable 

Bed time, total sleep time, 
sleep onset latency, wake 
time during the night, deep 
sleep, light sleep, sleep 
efficiency,  rise time, sleep 
deficit statistic. 

No 

Sleep Better (“Sleep 
Better Smart Sleep 
Cycle Alarm Clock 
App”, 2017)  

Accelerometer Bed time, total sleep time, 
sleep onset latency, wake 
time during the night, sleep 
efficiency, light sleep and 
deep sleep, rise time. 

No 

Wearable    

Fitbit charge 2 

(“Fitbit Charge 2TM 
Heart Rate + Fitness 
Wristband”, 2017)  

Optical heart rate 
sensor,  
3-axis 
accelerometer, 
Altimeter 

Bed time, total sleep time, 
wake time during the night, 
light sleep, restless sleep 
and rise time. 

No 

Garmin, Vivosmart 
HR (Garmin & 
subsidiaries, 2017)   

Accelerometer  + 
optical heart rate 
sensor 

Bed time, total sleep time, 
wake time during the night, 
light and deep sleep and 
rise time. 

No 

Misfit Ray (“Misfit 
Ray Premium Fitness 
+ Sleep Tracker - 
Misfit”, 2016)  

3-axis  
accelerometer 

Bed time, total sleep time, 
wake time during the night, 
light sleep, restless sleep 
and rise time. 

No 

Stand-alone device    

Beddit 3 sleep 
tracker (“Beddit 
Sleep Tracker”, 
2017) 

Piezo forse sensor, 
capacitive touch 
sensor, humidity 
sensor and 
temperature 
sensor, 
microphone  

Bed time, total sleep time, 
sleep efficiency, sleep onset 
latency, wake time during 
the night, restless sleep, 
light/deep sleep, rise time, 
sleep score and sleep 
cycles. 

Yes, based on how 
many hours you 
have said you 
should like to get 
each night. 
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Sense and Sleep Pill 
(“Sense by Hello”, 
2016)  

Sense: 
Temperature 
sensor, humidity 
sensor, ambient 
light sensor, 
microphone, 
proximity sensor, 
particulate sensor. 
Pill: accelerometer 

Bed time, total sleep time, 
wake time during the night, 
light and deep sleep, and 
rise time. 

Yes, calculated by 
‘environmental 
readings of your 
bedroom and your 
sleep during the 
night; to provide 
you with a unique 
score out of 100’  

Withings Aura 
(“Withings”, 2016) 

Heart rate sensor, 
light sensor, 
temperature 
sensor, audio 
speaker, sound 
sensor. 

Bed time, total sleep time, 
sleep onset latency, wake 
time during the night, 
number of awakenings, 
light/deep and REM sleep 
and rise time. 

Whether the goal 
is achieved of total 
sleep duration; in 
percentage. 

 

 

A recent review of the landscape of consumer sleep technologies concluded: ‘these 

technologies have the potential to both improve and impair collective and individual sleep 

health depending on method of implementation’ (Ko et al., 2015). In addition, very little is 

known about the impact the data, displayed by the consumer sleep tracker, has on the user. 

For instance, it is not known how the data is perceived by the user and whether this 

corresponds to the experienced sleep of the user. If the presented data of the sleep tracker 

is not aligned with the experience of the user this could have consequences in 1) the device  

not being perceived as an accurate and valuable device 2) people starting to worry about 

their sleep, as the feedback that is presented by the sleep tracker device, may be perceived 

as negative as well as untrustworthy 3) sleep research studies, where this may result in data 

that is not reflective of their normal sleep habits, as participants could already change their 

sleep behavior, due to the awareness of being observed. Moreover, most sleep trackers 

focus on the quantitative part of the reported data and very little is stated about the quality 

of sleep. For instance, the Sense application gave the following feedback to a user: ‘you 

slept 18% less soundly than usual’. This information is difficult to interpret and 

consequently, without proper advice challenging to act on. Therefore, more insights in the 

possible effects consumer sleep trackers may have on sleep behavior and sleep awareness 

are needed. 

 

Objective sleep measures and perceived sleep quality 

 

There is a reasonable body of research that is concerned with the relationship between 

objective sleep measures and perceived sleep quality. However, comparisons between the 

various studies are not always feasible as they use different measuring instruments to each 
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other. The objective sleep parameters are either assessed with actigraphy or 

polysomnography measures and the perceived sleep quality is often evaluated by means of 

diaries or questionnaires, as described above. Moreover, the term sleep quality is used 

interchangeably for objective sleep quality as well as for reported sleep quality. Lastly, the 

study populations differ across studies and a limited amount of studies investigated the 

relationship in normal sleepers. Most studies that investigated the relationship between 

objective sleep measures and perceived sleep quality are cross-sectional studies. Studies 

have found associations between perceived sleep quality and the following objective sleep 

parameters: wake time after sleep onset (Åkerstedt, Hume, Minors, & Waterhouse, 1997; 

Argyropoulos et al., 2003; Keklund & Åkerstedt, 1997; Rosipal, Lewandowski, & Dorffner, 

2013), sleep onset latency (Åkerstedt et al., 1997; Riedel & Lichstein, 1998)   and total sleep 

time (Åkerstedt et al., 1997; Lemola, Ledermann, & Friedman, 2013). In addition, 

associations have been observed between sleep architecture measurements and perceived 

sleep quality. For example, a high amount of light sleep was associated with a decline in 

perceived sleep quality (O’Donnell et al., 2009). Also, the number of minutes in deep sleep 

was associated with perceived sleep quality (Armitage, Trivedi, Hoffmann, & Rush, 1997; 

Keklund & Åkerstedt, 1997; Westerlund, Lagerros, Kecklund, Axelsson, & Åkerstedt, 2016). 

Yet, in general the correlations that were observed in the above studies were low to 

moderate correlations. With the current developments in the sleep tracking field it is now 

possible to monitor relatively unobtrusively someone’s sleep for a longer period of time at 

their own home. This creates new opportunities for research in the area of the association 

between objective sleep measures and perceived sleep quality in normal sleepers.   

 

Research methods and approach  

 

In this thesis, several research methods were adopted in order to investigate the perceived 

sleep quality from different perspectives. The main research method applied was that of 

field studies, that included qualitative and quantitative methods. The great advantage of 

qualitative research is that a topic can be studied in-depth. Researchers have the possibility 

for probing questions and to inquire arguments for a certain answer, e.g. ‘why did you not 

go to bed earlier?’. This is important as the underlying meaning of a changed sleep behavior 

or thoughts about sleep could be better explained. However, a disadvantage of the method 

could be that of response bias. Participants may want to give socially desirable answers (e.g. 

‘I always wore the sleep tracking device’) or the phrasing of the questions may influence the 

answers that are given by the participants. In quantitative research, the emphasis is on 

collecting a lot of data which is generally used for statistical analyses. The substantiation for 
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such a research method is often when more insight is needed of a phenomenon within a 

whole population.  

 

In sleep research most research that has been performed is collected with actigraphs and 

questionnaires. As is mentioned before in this chapter, the most used questionnaire is the 

PSQI or a self- made diary that is created by the researchers. When polysomnography is 

considered as the methodology to asses objectively sleep parameters most often this 

results in (1) studies that are shorter in duration (2) studies with a small sample size and (3) 

studies performed outside the home of the participant. For more precise sleep data 

monitoring at home new innovative sleep monitoring devices are being developed and 

employed, which could give a breakthrough in accurate measures of sleep, longitudinally, 

at home. Qualitative research method is a method less often used in sleep research.    

 

As described before, most previous research about the relationship between objective 

sleep measures and perceived sleep quality were cross-sectional studies. In order to fill the 

gap in understanding of how perceived sleep quality evolves over time a longitudinal 

approach was taken in our studies of chapter 2, 3, 6 and 7. Because of this approach we 

were able to investigate behavioral changes over time and gain more insight into the 

variability between nights. Compared to cross-sectional studies, the intensity of executing 

longitudinal studies is quite high and the chance of drop-outs is much greater. Yet, the data 

that is gathered with these kinds of studies is very useful in understanding a behavior that 

is variable over time. Moreover, a phenomenon can be studied between persons and/or 

within a person.   

 

Overall, in some studies of this thesis both quantitative and qualitative research methods 

were employed, resulting in a mixed methods approach. The strengths of both research 

methods could be fully utilized and multiple research questions could be studied. This was 

very useful for the sleep behavior change studies, as not everyone interprets and evaluates 

a behavior change in the same way. Moreover, we mostly performed naturalistic field 

studies in order to investigate the sleep experiences in real life settings as opposed to a 

controlled environment like a sleep lab. 

 

Another qualitative research method that we regularly applied in our studies is that of 

interviews (chapter 2 and 3). Mainly structured interviews were used to gather all the 

information necessary for our research questions and to be able to compare the data 

between the participants. This method is very useful in gathering opinions and experiences 
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of participants related to, in our case, a wearable sleep tracking device or perceived sleep 

quality.  

 

Research questions and outline of the thesis 

 

As poor sleep is related to many other adverse health outcomes it is important to establish 

an adequate insight in what exactly a good night sleep entails. Until now, the construct 

perceived sleep quality is ubiquitously used and even more crucial not well-defined. 

Moreover, with the recent trend in commodity electronics to monitor sleep quality it is 

important to know what the possible effects are of wearing sleep trackers during sleep on 

sleep behavior and sleep awareness. The main purpose of this thesis is to determine the 

factors that influence the perceived sleep quality of ‘normal sleepers’ expressed in layman’s 

terms in a health monitoring context. Specifically, the present thesis examines the possible 

effects of wearing a sleep tracker during sleep on sleep behavior and sleep awareness and 

what determines a good night sleep. From above situations the following two research 

questions were derived: 

 

R1: What are the effects of wearing a sleep tracker during sleep on sleep behavior and sleep 

awareness? 

 

R2: What are the determinants of perceived sleep quality? 

 

Chapter 2 covers two studies in which we investigate the reactivity effects of wearing a 

sleep tracker or filling in a sleep diary on sleep behavior and cognitions about sleep. Study 

1 describes the effect of solely wearing a sleep tracker on sleep behavior and cognition in a 

small scale study. The sleep characteristics are assessed during three weeks of filling in a 

diary and, additionally, using an actigraph for the last two weeks. Based on the conclusion 

of study 1, study 2 assesses the reactivity effects of filling in a diary on sleep behavior and 

sleep awareness. The study design was converted into three weeks of wearing an actigraph 

and filling in a sleep diary only during the second week. 

 

In the previous studies solely the effect of wearing a sleep tracker during sleep was 

examined, but not the actual effect of receiving sleep information about last night sleep on 

sleep behavior and sleep awareness. Chapter 3 presents the results of a longitudinal study, 

using a mixed method approach, to examine the effects of receiving sleep information 

about last night sleep on sleep behavior and sleep awareness. Two groups were formed: an 

experimental group that received sleep information about last night sleep and a control 
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group that did not receive sleep information about last night sleep but did wear the sleep 

tracker. The participants were randomly assigned to one of the groups.  

 

Traditional clinical research assessed perceived sleep quality with specific questionnaires 

that are based on a clinical understanding of sleep disorders. Such questionnaires are not 

necessarily reflective of how lay people without sleep problems conceptualize sleep. In 

chapter 4 the sleep experience is explored from a layman perspective. A sentence 

completion questionnaire was adopted in order to assess all the different aspects of a sleep 

experience. The participants were asked to finalize short stem sentences, for instance, ‘I 

sleep well when…’. With this structured questionnaire, we were able to guide the 

participant through all the aspects of the sleep experience and receive an open and unique 

answer from each participant.  

 

Apart from the qualitative indicators of perceived sleep quality indicated in chapter 4 we 

also examined the determinants of perceived sleep quality in a more quantitative way. 

Understanding the relationship between objective sleep measures and perceived sleep 

quality better could lead to future psychometric measures of perceived sleep quality. In 

addition, as a result, differences between these two methods could be better explained. 

Chapter 5 explores variations in the approach to analyzing the relationship between 

objective and subjective measures of sleep quality in order to gain more insight into the 

aforementioned relationship. How strong is the relationship between polysomnography 

measures and perceived sleep quality and are there ways to strengthen this relationship? 

For instance, does taking the difference of the sleep parameters across nights ameliorate 

the relationship between objective sleep measures and perceived sleep quality?  

 

Chapter 5 investigates the association between objective sleep measures and perceived 

sleep quality in a cross-sectional manner, but because not every night is the same we 

examined the determinants of perceived sleep quality in a longitudinal way. In chapter 6 

we present a home monitoring study in which people kept a sleep diary and wore an 

actigraph for two weeks to investigate the determinants of perceived sleep quality. Our 

objective is to determine whether perceived sleep quality is mainly explained by actigraphy-

based sleep measure or self-reported sleep measures. Secondly, which sleep and daytime 

variables determine the perceived sleep quality?    

 

One reason for the moderate relationship between objective sleep measures and perceived 

sleep quality could be because of the group normal sleepers being a too heterogeneous 

sample. The group normal sleepers contains a wide range of different people mostly (only) 
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selected with the common denominator of not having a diagnosed sleep disorder. Chapter 

7 introduces an explorative cluster analysis in order to identify subtypes of normal sleepers.  

 

Chapter 8 presents a summary of the thesis, discusses the main findings, proposes 

recommendations for a new description of perceived sleep quality and presents 

recommendations for future research.   
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On the reactivity of sleep monitoring with diaries and actigraphy 
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Abstract 

The declining costs of wearable sensors have made self-monitoring of sleep related 

behavior easier for personal use but also for sleep studies. However, it could be that wearing 

such devices impacts people’s perception of their sleep or the very behavior that is being 

measured. Two small-scale field studies about the effects of sleep monitoring on a cognitive 

and a behavioral level are discussed. In the first study, the authors examine the self-

monitoring effects of wearing a sleep monitoring device, and in a second study the effects 

of keeping a sleep diary. The method, in both studies, was designed to be as open as 

possible in order to focus on the effects of sleep monitoring where participants were not 

given a goal, motivation or feedback. In both studies participants became more aware of 

their sleeping routine, but changing a sleeping habit was found challenging because of other 

priorities. Some behavioral modifications were observed, for example, differences in total 

sleep time and bedtimes were found (compared to a non-monitoring week and a 

monitoring week). Nevertheless, what the causes are of these changes remains unclear. It 

is important to know what the effects may be of sleep monitoring as the outcomes may 

already have an effect on the participant behavior. In addition, the self-monitoring may 

serve as an intervention for facilitating healthier sleeping habits. 
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Introduction 

 

Self-monitoring your sleep is becoming increasingly accessible to the general public. An 

already large number of smartphone applications and dedicated devices are available on 

the consumer market that help track sleep related behavior, (e.g., sleep duration, waking 

up during the night, etc.) reflecting the current trend towards the ‘Quantified Self’ which 

seeks to empower individuals to collect information about themselves, to help them 

approach health professionals already informed by an initial analysis, and to support health 

interventions with monitoring their behavior and overall well-being (Swan, 2012). 

 

Actigraphy devices and traditional sleep diaries are widely used in sleep related research as 

they are low cost and allow monitoring sleep behavior in real life (Carney et al., 2012; Sadeh, 

2011). Researchers have often been concerned with studying correlations between the two 

as they provide subjective and objective measures of sleep quality, e.g., see (Lockley, Skene, 

& Arendt, 1999). However, such works do not consider the potential effect of self-

monitoring of sleep on a behavioral or cognitive level. Will people adjust their habits and 

more importantly will self-monitoring lead to healthier habits? Or perhaps it is just knowing 

that one is being monitored that makes one feel to adjust his or her sleeping habits?  

   

Self-monitoring has been researched thoroughly in the past, especially when it is used as an 

intervention (Amato-Zech, Hoff, & Doepke, 2006; Boutelle & Kirschenbaum, 1998; Burke, 

Wang, & Sevick, 2011; Butryn, Phelan, Hill, & Wing, 2007; Helzer, Badger, Rose, Mongeon, 

& Searles, 2002; Hufford, Shields, Shiffman, Paty, & Balabanis, 2002; Maag, Reid, & DiGangi, 

1993; Martin et al., 2006; O’Kane, Bunting, Copeland, & Coates, Gulliford, 2008; Wang et 

al., 2012). The effects found in these studies differ greatly and make self-monitoring effects 

ambiguous. The effect self-monitoring may have on a cognitive and behavioral level pertains 

to the reactivity of self-monitoring. Reactivity is a phenomenon that emerges when persons 

alter their performance or behavior due to the awareness of being observed. Self-

monitoring consists of two processes: Firstly, self-observation, one must discriminate or 

observe the occurrence of the target behavior. Secondly, self-recording: one needs to 

record when the target behavior is occurring (Korotitsch & Nelson-Gray, 1999). Kazdin 

(1974) investigated different aspects of self-monitoring, such as response desirability, goal 

setting and feedback upon people’s performance on a sentence-construction task.  
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He found several interesting results, but particularly relevant in this case were:   

(i) supplying a performance goal or feedback enhanced the reactive effects of self- 

  monitoring,        

(ii) monitoring one’s own behavior or being monitored by someone else was equally 

reactive, 

(iii) the process of self-recording led to behavior change independently of receiving 

feedback. 

These findings indicate that the very act of self-monitoring as such may result in reactive 

behavior.  

 

The self-monitoring devices used in sleep studies are also utilized in studies that examine, 

for instance, the level of activity during the day. In this field more research has been done 

about the reactivity effects these devices (accelerometers and pedometers) may have. 

Matevey et al. (2006) found no reactivity effects when wearing unsealed and sealed 

pedometers (sealed: not able to see the total number of steps taken per day). Another study 

found differences between weekdays and weekends but did not find reactivity effects 

(Behrens & Dinger, 2007). They investigated the reactivity effects by letting participants 

wear an accelerometer for two weeks and the second of which they also wore a pedometer. 

One reason maybe that above studies did not find an effect may lie in the outcome 

measures. They examined mainly whether physical activity increased or not, but did not 

take into account effects on awareness or adjustments in lifestyle habits.   

       

However, Motl et al. (2012) reported reactivity during the baseline period of their study: 

two identical studies were carried out wherein persons with multiple sclerosis (MS) wore 

an accelerometer for seven days to collect baseline data and one week later wore a 

pedometer over a seven days period (first week of a behavioral intervention). They found a 

decrease of the average steps per day when comparing the baseline measurements with 

the first week of the behavioral intervention. One possible explanation for this result may 

be that during the baseline period the participants wanted to make as many steps as 

possible to make a good impression. This study is a perfect example of the need to interpret 

carefully results pertaining to the potential reactivity of self-monitoring.  

 

As for the traditional way of sleep monitoring, keeping a diary, there is little known about 

the reactivity effects. Bolger et al. (2003) concluded that there is insufficient evidence that 

reactivity forms a threat to diary validity. Litt et al. (1998) reported that although their 

participants became more aware of the monitored behavior, the self- monitoring was not 

reactive. Still, this study only monitored the moment when the urge to drink was high (with 
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a single question) and did not assess a full diary. Specifically for sleep monitoring, the effects 

of keeping a diary have not yet been investigated. Only a recent study of Todd and Mullan 

(2014), reported that keeping a sleep diary (combined with a response inhibition 

intervention) made people avoid anxiety and stress-provoking activities before going to 

bed. However, since the study of Todd and Mullan (2014) includes an intervention, any 

effects on behavior may not be attributed to the self-monitoring per se. Nevertheless, 

cognitive behavioral therapy is often supported by keeping a diary and thereby shaping 

awareness (Okajima, Komada, & Inoue, 2011).    

    

This chapter examines the effects of sleep monitoring when an actigraphy device is worn 

during sleep (study 1) and when a sleep diary is used (study 2). The authors engaged in the 

first study (briefly reported in Goelema et al. (2014)) expecting that tracking behavior with 

actigraphy would impact sleep related behavior. This was not confirmed, and as it turned 

out it was the act of keeping a diary that seemed to impact on the cognitive level though 

less on a behavioral level. This finding prompted the second study where the researchers 

investigated the effects of keeping a sleep diary. In both studies the study set-up was 

designed to be open as possible, meaning the researchers did not set any goals and did not 

provide any normative feedback, in order to study just the effect of wearing a sleep 

monitoring device or keeping a sleep diary. The first study is presented briefly to set the 

scene for study 2, which is discussed in more detail. Interested readers can find more details 

of study 1 in Goelema et al. (2014). 

 

STUDY 1 

 

Procedure 

Four participants were recruited, aged between 34-60 years (two females and two men). 

They reported not having any sleeping problems, however, one of the participants slept 

somewhat different than usual at the time of the study because of her pregnancy. The 

participants were blind to the experimental hypotheses and were told that the purpose of 

this study was to research the overall sleep experience when being monitored during sleep.

   

The study lasted three weeks, wherein participants were asked to keep a sleep diary for the 

duration of the study. The ‘Consensus Sleep Diary’ (CSD) was used, which contains questions 

about initiating and maintaining sleep as well as a global appreciation of sleep (Table 2.1) 

(Carney et al., 2012). Advantages of the CSD in particular include the use of both expert 

consensus and qualitative patient input, as recommended for development of reliable and 

valid patient-report instruments. In the last two weeks participants wore an actigraphy  
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Table 2.1  

Consensus Sleep Diary  

Consensus Sleep Diary – Core 

1. What time did you get into bed? 

2. What time did you try to go to sleep? 

3. How long did it take you to fall asleep? 

4. How many times did you wake up, not counting 
your final awakening? 

5. In total, how long did these awakenings last? 

6. What time was your final awakening? 

7. What time did you get out of bed for the day? 

8. How would you rate the quality of your sleep? (Very 
poor, poor, fair, good, very good) 

 

device to investigate the effects of being monitored during sleep as unobtrusively as 

possible. The actigraphy device used was the Actiwatch Spectrum by Philips (Philips 

Respironics, Inc, Murrysville, USA), more information about the Actiwatch is given in the 

method section of study 2.        

    

Three structured interviews were held aimed at understanding the cognitive and behavioral 

effects of sleep monitoring. The first interview was held after the first night of wearing the 

sleep monitoring device, the second one after a complete week of wearing the Actiwach 

and the last interview after the completion of the study. The reason for this schedule was 

that participants needed to get used to wearing the Actiwatch. The questions in these 

interviews are self-made and deal specifically with how participants experienced the device 

and questions concerning the cognitive and behavioral effects of wearing the sleep 

monitoring device. Examples of questions are: ‘Did you feel the device last night?’, ‘Did you 

wake up of the device last week?’, ‘Did you think more of your sleep during the two weeks 

of being monitored?’, ‘Did you change any sleeping habits during the two weeks of being 

monitored?’ and ‘Did you sleep differently last week?’. 

 

Results and Discussion 

All participants answered negatively to the question ‘whether they changed any sleeping 

habits’. However, later on during the interview one participant mentioned he had avoided 

drinking any coffee after dinner and had tried not to work after 10:00 pm. On a cognitive 

level, two out of four did think more about their sleep. They became more conscious about 
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their sleeping times, and one of them even intended to go earlier to bed, but did not 

succeed because of other obligations. It has to be noted that the cause of these changes 

described above is unclear. When asked what caused these changes, participants indicated 

that it was a result of participating in this study and/or filling out the sleep diary.  

 
In conclusion, completing the sleep diary turned out to be more excitatory than wearing a 

sleep monitoring device. Initially it was anticipated that due to wearing the sleep monitoring 

device people would pay more attention to their sleep. Moreover, it was expected that 

filling out the diary would become an automated process and therefore would not interfere 

with the goal of the study, as the amount of questions were kept small. One explanation of 

the found results may be that utilizing the device was commissioned by this study while the 

participants had no intrinsic interest in monitoring their sleep, so they did not think much 

about it while wearing it. Also, the limited obtrusiveness of the device may have played a 

substantial role in this and perhaps more important, the device does not provide any 

feedback. As the sleep diary emerged as having more impact upon our participants, we 

decided to investigate the effect of filling out a sleep diary per se. 

 

STUDY 2 

 

The set-up of study 1 was reverted for this study. During the whole three weeks participants 

wore an actigraphy device and filled out only in the second week a sleep diary. We 

hypothesized that between the first week of non-filling out a diary and the week of keeping 

a diary the sleep efficiency (SE) and total sleep time (TST) increases and wake time after 

sleep onset (WASO) and bedtime (BD) decreases in the second week. Secondly, we 

hypothesized that when comparing week 2 with week 3 the results would be the reverse, 

namely a decrease of SE and TST and increase of WASO and BD.   

 

Methods 

 

Participants 

To safeguard the reliability of our results, the authors decided to recruit participants aged 

between 40 and 60 years old. The reason for choosing this age range was that Timothy et 

al. (2003) found a significant association between lifestyle regularity and good sleep. 

Moreover, previous research has shown irregular sleep quality and rhythm amongst school-

aged children, youngsters, and adolescents (Dahl & Lewin, 2002; Monk, Petrie, Hayes, & 

Kupfer, 1994; Sadeh, Raviv, & Gruber, 2000).  To assess whether completing a sleep diary 

affects people’s lives, a population is needed that normally would show regular sleeping 
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times. Considering this, the target group was set to age 40-60, assuming that people around 

this age have the most stable daily routine and sleep rhythm. 

 

Because of practical constraints relating to the availability of devices, two groups of 10 

subjects were made, originally resulting in 20 participants for this study. Participants wore 

a different device in each group (see heading measures) and one group started two weeks 

later. The process of recruitment was the same for each group. The intended fifteen nights 

of data per participant (total of 300 data records as opposed to the eventual 203 records) 

was reduced greatly because of several circumstances. These circumstances included failure 

of data recording from different devices, failure of setting ‘In and Out Bed Times’ (software 

related issues), failure of following instructions by participants and the irregularities in the 

sleep pattern of participants (emergencies, illness, parties, deadlines, that have led to 

exceptional bed times). The loss of data ruled out five participants, eventually resulting in a 

total of 15 participants for this study. 

 

Measures 

Participants were asked to fill in the Pittsburg Sleep Quality Index (PSQI) to determine their 

normal sleeping behavior (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). The PSQI 

contains 19 self-rated questions, which are combined to form seven ‘component’ scores, 

each ranging from 0-3 points (‘0’ indicating no difficulty and ‘3’ indicating severe difficulty). 

The seven component scores together form a ‘global’ score, ranging from 0-21 points, ‘0’ 

indicating no difficulty and ‘21’ indicating severe difficulties in all areas.   

 

The Consensus Sleep Diary was again used in this study as the sleep diary to fill out in the 

second week. Sleep diaries are effective tools to get an insight in participants’ sleeping 

behavior and discover changes in sleeping patterns.      

    

At the end of the study, a short interview was held with each participant. Amongst others 

they were asked if and how the Consensus Sleep Diary influenced their behavior. Did they 

go to bed and get up earlier or later because of the diary? Did they change any rituals and 

were they more aware of the hours of sleep they should be getting? Furthermore they were 

asked about their sleep experience during the whole period of the study, and more 

specifically whether they slept better or worse comparing the different phases of the study. 

The closing interview also took care of certain irregularities that might have occurred in the 

data (e.g., occasions that might have disturbed a good night’s sleep, or events that required 

the participant to go to bed much later or get up much earlier than regularly). Lastly, during 
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the closing interview we revealed to them the actual goal of the study (investigating the 

reactivity effects of a sleep diary).      

 

Participants in Group 1 (participants 101-107) were given the Philips Actiwatch Spectrum 

(Philips Respironics, Inc, Murrysville, USA), while participants in Group 2 (participants 108-

115) were given the ActiGraph device (ActiGraph, LLC, Pensacola, FL). Both devices make 

use of an accelerometer to detect and log wrist movement, also known as actigraphy. They 

were set to a standard data sampling rate of 120 per hr (every 30 seconds), providing ample 

data per night. The following sleep parameters were derived from the data of the Actiwatch 

Spectrum and ActiGraph: bedtime, total sleep time (TST), wake time after sleep onset 

(WASO) and sleep efficiency (SE).  

 

Procedure 

The participants were instructed to wear an actigraphy device on their non-dominant hand 

from Sunday-Monday night to Thursday-Friday night for 3 weeks straight, excluding the 

weekends and including the wake-up-times on working days. Participants were asked to fill 

out the Consensus Sleep Diary each morning, only during the second week.    

        

Many actigraphy sleep–wake scoring algorithms rely on sleep diary information to set 

scoring periods for sleep onset and offset. In this study, participants were instructed to start 

wearing their device when they were trying to fall asleep. In case of going to bed earlier to 

read a book, watch television, etc. they were told not to wear the actigraphy device until 

they actually wanted to go to sleep and then to put it on the wrist. Furthermore they were 

instructed to take off the actigraphy device right after their final awakening. For the 

Actiwatch the same procedure was applied, only the function of the marker button to 

indicate that someone wanted to fall asleep was explained extra, but eventually barely used 

by the participants. 

 

Data analysis 

‘In Bed’ and ‘Out of Bed’ times were determined by analyzing the beginning and endings of 

the activity graphs. One participant reported to have forgotten to take the ActiGraph off. 

This omission and other mistakes were corrected by using the ‘In Bed’ and ‘Out of Bed’ 

times indicated in the diaries. In case of unreliable indications, data was removed from the 

calculations. The sleep efficiency was calculated as ratio of the total minutes of sleep time 

(TST) divided by the total minutes of time in bed (TTB). 
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Statistical   analyses   were   conducted   using   SPSS IBM 20. A first descriptive analysis 

examined the characteristics of the sample. New variables were computed to extract the 

mean of the SE, WASO, TST and bedtime of each week to take care of missing values. 

Repeated measure analysis was conducted, with time (the phases of the experimental 

study) as the within subject factor. The contrast repeated was used, to compare week 1 

with week 2 and week 2 with week 3. The assumption of sphericity was met, meaning that 

the level of dependence between experimental conditions was roughly equal. However, the 

assumption of normality was not met and therefore the outcome of the Greenhouse-

Geisser test was used. The repeated measures analyses were done for each parameter (SE, 

TST, WASO and bedtime), and for the complete group. First, we looked at whether there 

was a main effect of time and if so, then pairwise comparisons were examined. For each 

group separately paired-sample t-test or Wilcoxon signed ranked test was conducted. 

Statistical significance was set at p < 0.05. 

 

Results 

 

The characteristics of the sample are listed in Table 2.2. The average age of the sample was 

just under 52 years and 10 out of 15 were women. For group 1, the average amount of sleep 

time was 5.89 hours (SD =0.9 hours) and for group 2 it was 6.55 hours (SD = 0.82 hours).  

The average PSQI score was a little above the cut-off score of 5, this would indicate that the 

participants experienced slight sleeping problems.    

 

Table 2.2  

Demographic data and sleep characteristics of the samples 

 Group 1 (N = 7) Group 2 (N = 8) 

Age 51.14 (5.8) 50.9 (3.9) 

Gender ♂  5 5 

Bedtime 24:05:49 (41:13) 23:25:29 (36:51) 

TST  353.23 (54.3) 393 (48.9) 

WASO  58.11 (23.2) 36.9 (20.6) 

SE %  81.5 (6.4) 91.3 (4.7) 

PSQI 6 (2.5) 5.7 (2.4) 

Note. Values are mean (standard deviations) or percentage of cases. Bedtime =  
(hh:mm:ss)/ (mm:ss) TST = total sleep time (min), WASO = Wake time  
after sleep onset (min), SE = Sleep efficiency and PSQI = Pittsburgh sleep quality index. 

 



41 

First all data from both groups were analyzed using the mean value for each week per 

participant. For the complete group no significant results were found, between baseline and 

week 2 or week 2 and week 3 (for example: SE, mean week 1 = 85%, mean week 2 = 87%; 

df = 2, F = 2.54, p = .097, Figure 2.1). 

 

 

Figure 2.1. Mean sleep efficiency (SE) for each week, displayed for each group separately 
and for the whole sample, including error bars (1 +- SD). 

 

When testing the hypotheses for only the participants who wore the Actiwatch no 

significant results were found for SE and WASO (SE: F(1.3, 7.9) = 1.27, p = .29, η2 = .19; 

WASO: F(1.9, 11.11) = 2.82, p = .11, η2 = .32). There was a significant difference between 

baseline and week 2 for TST (Z = -2.197, p = .028, r = -.59; mean TST: week 1 = 328, week 2 

= 361, Figure 2.2). This means that during the week of filling out the sleep diary the total 

sleep time was longer than during week 1. Moreover, a difference in mean bedtimes was 

observed between week 2 and week 3 (Z = -2.366, p = .018, r = -.63; mean bedtime: week 2 

= 24:09:14 week 3 = 23:47:27, Figure 2.3). This indicates that in the last week of the study 

participants went to bed earlier than during week 2.  

 

For the ActiGraph group no significant results were observed between baseline and week 2 

or week 2 and week 3 (for example: WASO, Z = -,98, p = .327, r = -.59; mean week 2 = 35,74, 

mean week 3 = 36,91, Figure 2.4).  
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Figure 2.2. Mean total sleep time for each week, displayed for each group separately and 

for the whole sample, including error bars (1 +- SD). 

 

The closing interview revealed that it was difficult for the participants to notice any 

difference in sleep quality on a weekly basis. The participants indicated not to have changed 

their sleep routine based on filling the diaries. They did not go to bed earlier or changed 

their alarm clock settings. However, a handful of participants indicated that filling in the 

diary made them more aware of their sleeping habits.  

 

Five participants reported that they did have to get used to the actigraphy devices during 

the first few days of the experiment. They indicated that this might have had a minor 

influence when falling asleep the first few days. Except for one participant who reported 

very bad sleep during phase 2, according to that subject of wearing the actigraphy device. 

What did become apparent was that as the study evolved wearing the actigraphy devices 

became an automated process of which the participants were less aware than in the 

beginning. 
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Figure 2.3. Mean bedtimes for each week, displayed for each group separately and for the 

whole sample, including error bars (1 +- SD). 

 

 

Figure 2.4. Mean wake time after sleep onset (WASO) for each week, displayed for each 

group separately and for the whole sample, including error bars (1 +- SD). 
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Discussion 

 

A significant effect was found when comparing TST of week 1 with week 2 and between 

bedtimes of week 2 and week 3 of the Actiwatch group. The increase of the TST was 

expected while the decrease of bedtimes in week 3 was not anticipated, as we had expected 

the opposite effect. It could be that the decrease in bedtimes in week 3 is caused by keeping 

the diary which may have had longer lasting effects (the week after). No significant results 

were found with the overall group or the Actigraph device. Because of trends seen in the 

graphs, the authors also compared the baseline with week 3, and found significant effects 

between total sleep time and bedtimes in the Actiwatch group, however, what the cause of 

these effects could be remains unclear. Participants indicated during the closing interview, 

that they experienced worse sleep only in the first one or two nights of the study, because 

they had to get used to the actigraphy device and the general idea of participating in a sleep 

related study.   

 

In this study substantial differences were found between the results of the Actigraph and 

the Actiwatch devices. The reliability and validation of actigraphy is a much discussed topic 

and it may have played a role in this outcome. Related reports support the validity of data 

recording with the Philips Actiwatch (Gironda, Lloyd, Clark, & Walker, 2007; Hyde et al., 

2007; Weiss, Johnson, Berger, & Redline, 2010), whereas the Actigraph seems to be less 

reliable (Hjorth et al., 2012). The gold standard for sleep studies is considered to be 

polysomnography (PSG). Although actigraphy and PSG tend to correspond reasonably well 

(Ancoli-Israel et al., 2003; Tryon, 2004), research reports measurements errors in actigraphy 

(Blackwell et al., 2008). A closing interview was held, discussing any (subjective) effects of 

the diary they experienced. Briefly discussing the outcomes, the overall response was that 

the diary made participants think about their sleeping behavior and that they ‘should’ 

change it, though no actual changes in bed times or rituals were indicated during the whole 

course of the study. This confirms the findings of study 1, where some participants did 

change or tried to change their pre-bedtime rituals. These studies suggest that probably 

motivation or a significant alteration in the daily routine of a person is a necessary 

prerequisite for influencing sleeping behavior through self-monitoring.  

 

This study is the first study that makes an attempt to explore the reactivity of filling out 

sleep diaries in a quantitative way. The effect size found of the significant result between 

TST 1 and TST 2 for the Actiwatch group was medium: .587. However, whether this effect 

size is relevant for clinical purposes remains unknown. On average a person sleeps between 

7 and 8 hours, but what the acceptable deviation from 7 a 8 hours is, is not known. There is 
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no clear clinically relevant effect size within the sleep field operationalized. Moreover, an 

individual situation is probably more important for disparity in total sleep time, as sleep is 

very interlinked with the daily routine it can have a significant effect for one individual and 

not for another individual. 

 

As mentioned in the method section, there was a difference in the expected 300 data 

records and the eventual 203 data records, because of unforeseen circumstances. The loss 

of data should be accounted for and possibly be prevented. Future research, could attempt 

to replicate these results during a longer study. In such a study, the baseline phase should 

be long enough to counter any subjective effects of participating in a study as indicated by 

the participants in the closing interview. Possibly, the study should contain multiple diary 

phases, or a between subjects variance when using two comparable groups, e.g. adding a 

control group that is not subjected to a diary but relies on actigraphy only, as another way 

to control and justify temporal effects.  

 

A remarkable side-note on the failure of following instructions by participants, is that during 

the diary week, hardly any missing data was recorded while in week 1 and week 3 there was 

considerably more missing data. This corresponds with earlier investigations on wrist 

actigraphy adherence research by Carney et al. (2004), who suggests that combining 

actigraphy monitoring with diaries can increase the likelihood of adherence to sleep 

instructions. 

 

General discussion 

 

Overall it can be concluded that monitoring their sleep made some people want to change 

their behavior but they could not succeed due to other lifestyle factors. The behavior of 

sleep is deeply rooted in one's daily routine and modifying this behavior will have a large 

impact on the rest of the daily rhythm. Vice versa, ‘other factors’ influence sleeping 

behavior greatly. This means that probably one needs to be motivated to actually adjust a 

sleep behavior. When participants are motivated for adjusting a behavior, in the majority 

of studies, significant results have been found, at least for the short-term (Bouffard-

Bouchard, Parent, & Larivee, 1991; Zimmerman & Kitsantas, 1999). Although these studies 

were all conducted on different topics, such as improving learning skills than on changing 

sleeping habits, there is a high likelihood that the same will be true for adjusting a sleeping 

behavior or thought. Todd and Mullan (2014) showed that when a goal was set to change 

sleep behavior, sleep monitoring with diaries had an effect on avoiding stressful activities 

before going to bed. In our studies an effect was found on sleep awareness, which could 
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mean that when one monitors their sleep combined with a goal to improve their sleep, may 

lead to changes in their sleep behavior. Moreover, when individuals are motivated for a 

sleep behavior change they are more eager to adjust their sleeping behavior and this could 

lead to alterations in the daily routine of that person. In addition, it will increase the level 

of self-control and could contribute to a healthier lifestyle, as it becomes more known that 

sleeping well is essential for health, psychological well-being and daytime functioning 

(Totterdell, Reynolds, Parkinson, & Briner, 1994).    

 

This motivation may be affected by the feedback a device gives. When the insight into a 

certain behavior increases, this will make a person more aware of their behavior and 

therefore the feedback could turn into an agreeable argument to get motivated to adjust 

that behavior (as awareness played also a great role in above studies). In the above studies, 

the actigraphy devices used, could not give feedback the next morning about how the 

person has slept during the night (they were solely sensing devices). If feedback could have 

been given immediately then the outcomes of above studies might have been different, as 

has been found in several other studies (Gajar, Schloss, Schloss, & Thompson, 1984; Kazdin, 

1974). Most consumer-level devices available in the market supply feedback to their users, 

giving users a great insight in their monitored behavior. Moreover, persons are encouraged 

to set personal goals, to acquire a healthier lifestyle. For persons with already a high desire 

of self-control this would serve as a handle to gain control of one’s life.   

    

The importance of motivation for self-monitoring can be integrated into a theory of self-

regulation, and several models of the self-regulation theory have been proposed 

(Baumeister & Vohs, 2007; Fishbein, 1979). Schunk and Zimmerman (2012) argue that 

motivation is an essential dimension of self-regulation learning, while other theories put 

more emphasis on the self-efficacy beliefs and discrepancy in costs and benefit it may have 

on the short or long term.   

 

For future research, a longer study duration is needed to see whether changes occur when 

just being monitored during sleep. To adjust behavior, and especially (sleep) behavior that 

is incorporated in the daily routine, it probably takes more time to adjust. Moreover, a 

distinction between persons who already want to improve their sleep and those who are 

just curious about their sleep should be made. This will give an insight into the motivation 

level of a participant before starting with the study, which is an important factor on 

thoughts and behavior. Additionally, the influence of feedback should also be accounted for 

by the study method, to find out what the effects are of feedback on sleep monitoring.  
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To conclude, from above described studies, strong significant results have not been found. 

On a cognitive level more profound adjustments were apparent, since this came up in both 

studies, however for behavioral sleep changes the results were not that conclusive. Both 

studies were designed to have a method that was open as possible and to collect qualitative 

as well as quantitative data. It is important to know what the effects can be when self-

monitoring your sleep as unobtrusively as possible, as the prospect is that monitoring 

physiological features will become more and more normal and more advanced devices will 

be available. This can lead to more awareness of the behavior that is being monitored. 

Moreover, the effects of sleep monitoring need to be taken into consideration when 

someone is coached remotely, as data that is presented may not represent real life 

information.   
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Abstract 

Consumer-level sleep trackers are becoming increasingly popular and a growing number of 

people are tracking their sleep daily. Interestingly, it is unknown whether receiving sleep-

related information in itself affects users and their sleep. One might hope that users can 

develop healthier sleeping habits. However, users could also end up worrying about their 

sleep as a result of receiving such information, which potentially may even affect their sleep 

quality adversely. This study investigates the effects of receiving sleep information about 

last night’s sleep on sleep behavior and sleep awareness.  

Two groups (most of whom were students) wore two actigraphs (one for the best 

reliable measurement of sleep and one to provide feedback to the user) at home for three 

weeks. One group received sleep information through an app (feedback group) (n = 40; 

mean age = 26) and another group could not access their sleep information (control group) 

(n = 38; mean age = 26). After the study, the participants were invited for an interview, 

consisting of an open question part and a questionnaire that asked about sleep behavior 

and sleep awareness. An improvement of the sleep parameters relating to sleep quality was 

expected in the feedback group but not in the control group. Expected differences between 

the sleep parameters of week 1 and week 3 and between the groups based on the 

actigraphy outcomes were analyzed with a mixed ANOVA.  

In the interviews, participants in both groups (25%; n = 19) reported changing their sleep 

behavior. Examples of indicated changed sleep behavior included: trying to get at least 

around 7 or 8 hours sleep, going to bed earlier, or having more consistent bedtimes. Of the 

participants who adjusted their sleep behavior, prior willingness to alter sleep behavior was 

indicated by 15 out of 19 participants. However, these behavior changes were not 

confirmed in the actigraphy outcomes. In addition, more than half of the sample reported 

thinking more about their sleep, and, importantly, several participants in each group 

became, in fact, more worried about their sleep.  

Using sleep tracking technology makes people more aware about their sleep and to 

some extent induces an intention for change in sleep behavior. Receiving sleep information 

about last night’s sleep did not contribute to additional changes. Future studies should focus 

on investigating what is accurate and valuable feedback for the users of sleep trackers, the 

sustainability of above-found results and negating possible negative ‘side effects’.  
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Introduction 
 

Increasingly, people feel the need to gain more insight in their sleep patterns and quality. 

This could be due to the fact that adequate sleep has been related to better mental and 

physical health (Cappuccio, Cooper, D’Elia, Strazzullo, & Miller, 2011; Irwin, Olmstead, & 

Carroll, 2016; Kashani, Eliasson, & Vernalis, 2012; Mayers, Grabau, Campbell, & Baldwin, 

2009; Rahe, Czira, Teismann, & Berger, 2015).The interest in obtaining a healthier lifestyle 

is growing, and more and more people are looking for ways to feel rested and energetic 

during the day. The mobile industry has responded with a vast number of smartphone 

applications designed to improve sleep (e.g., sleep better with Runtastic, Sleep tips and 

Ambient sounds). Other sleep applications promise to wake users up at what they deem as 

the best moment (Sleep as Android, Sleep Cycle Alarm Clock), or coach them with regards 

to sleep-related behaviors (Jawbone). Yet, a recent review pointed out that only a small 

number of the sleep-related applications available in apps stores have been scientifically 

substantiated (Horsch, Lancee, Beun, Neerincx, & Brinkman, 2015). Often smartphone 

applications are supported by tracking devices, such as wearables or bed matrices (De 

Zambotti, Baker, & Colrain, 2015; Ferguson, Rowlands, Olds, & Maher, 2015; Perez-Macias, 

Jimison, Korhonen, & Pavel, 2014). However, it is actually not known whether wearing or 

using such tracking technologies in itself may influence sleep behavior and sleep awareness, 

and in case that they do whether their impact is positive or maybe even negative.    

 

Self-monitoring has been used as an intervention to improve or change various health 

behaviors, such as weight loss (Burke, Wang, & Sevick, 2011), smoking (Magnan, Köblitz, 

McCaul, & Dillard, 2013) and alcohol consumption (Kim, Wineinger, & Steinhubl, 2016). It is 

unclear what the impact of these interventions is on health behavior, with some studies 

reporting effects (Hartin et al., 2016) and others not (Rivera et al., 2016). This was also 

confirmed in a review by Free et al. (2013), where only interventions based on text-

messaging in the context of smoking had been found to be effective. For sleep monitoring, 

Todd and Mullan (2014) reported that keeping a diary made the participants more aware 

of their sleeping habits.   

 

In spite of various options in technology-based interventions for obtaining better sleep, 

there has been relatively little research concerning what the very fact of receiving sleep 

information about last night’s sleep does to a person (the actual feedback). The studies 

above describe the effects of certain interventions but did not attempt to evaluate the very 

effect of receiving feedback. In our previous studies, we have investigated the effect of self-

monitoring sleep without receiving the sleep information (Goelema, Haakma, & 

Markopoulos, 2014). We observed that people became more aware of their sleep routines 

etc., but did not change any sleeping behavior. However, what the effect is of adding sleep 
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information about last night’s sleep to the process of self-monitoring is unclear. We 

expected people would have an increased awareness about their sleep because of receiving 

sleep information about last night’s sleep. Moreover, when people are dissatisfied with 

their sleep they will be more open to gain a better sleep hygiene (Brown, Buboltz, & Soper, 

2002) which could lead to changes in their sleeping habits.  

 

It is important to distinguish between self-monitoring as (part of) an intervention or self-

monitoring driven by curiosity and the need to understand oneself. Changing behavior due 

to self-monitoring without an intervention pertains to the reactivity of self-monitoring. 

Reactivity is a phenomenon that appears when people alter their behavior due to the 

awareness of being observed (Korotitsch & Nelson-Gray, 1999). Knowing whether this could 

also happen when just purely monitoring your sleep with receiving sleep information 

(casual self-monitoring sleep) is essential, as this could lead to a better understanding of 

the data that is shown by the app. It could be that the data that is reported by the app is 

not a correct representative of the sleep routine of the user. Motl et al. (2012) observed a 

higher amount of steps during the baseline period of their study compared to the first week 

of the actual intervention period. A reason for the found results may be that the participants 

wanted to make a good impression and made as many steps as possible. Also another study 

observed reactivity effects when wearing accelerometers during physical activity (Vandoni 

et al., 2017). 

 

The feedback displayed by the application can make users worry unnecessarily. As the 

information is available non-stop, one may start to worry about a certain sleep outcome 

with a lower score than expected or desired by the user, irrespective of whether this person 

is a healthy or non-healthy sleeper. These worries could potentially turn into repetitive 

thoughts. Worries/and or repetitive thoughts have been associated with sleep disturbances 

and as a result with lower sleep quality (Takano, Iijima, & Tanno, 2012; Takano, Sakamoto, 

& Tanno, 2014). Sleep tracking technology could potentially lead to people worrying 

unnecessarily or in any case, being affected adversely by reading the sleep quality feedback. 

Therefore it should be investigated whether users are receptive towards such feedback and 

whether these potential negative effects arise in real life.  

 

The aim of this study was to examine whether receiving information about last night’s sleep 

may affect users’ sleep behavior and sleep awareness. As the main group of users of sleep 

tracking technology are in particular young adults and adults (“Finland; statista”, 2016.), a 

sample group with the age between 18 and 50 years old was set. Two research questions 

were formulated: 1) ‘Do people get more aware and or more worried because of receiving 

sleep information about last night’s sleep?’ and 2) ‘Do people change any sleeping habits as 

a result of receiving sleep information about their sleep?’. Based on these research 
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questions the following main hypotheses were drawn: 1) Receiving sleep information about 

last night’s sleep will lead to a raised awareness about sleep and more worries compared 

to not receiving sleep information and 2) Sleep behavior change will occur as a result of 

better sleep hygiene caused by an increase in sleep awareness. In this study, no 

preconceived intervention or goal-setting was made. Moreover, participants were blind to 

the purpose of the study. 

 

Methods 
 

Procedure 

Two groups were defined to examine the effect of receiving sleep information on sleep 

behavior and sleep awareness: a control group that could not access their sleep information 

and a feedback group that could access/view their sleep information about last night’s 

sleep. The main reason for these two groups and a blind allocation was to be able to make 

a distinction between effects of only wearing the sleep trackers and the effects of actually 

receiving sleep information on last night’s sleep. Two actigraphy-based trackers were used, 

the Actiwatch Spectrum (Philips Respironics, Pittsburg, USA) and the Xiaomi Mi band 

(Xiaomi company, China). The Actiwatch Spectrum is a device that does not provide 

feedback to users about their sleep, but is a validated instrument that allows sleep data to 

be obtained from both groups using the same device. The Xiaomi Mi band is a commodity 

level self-tracking device that provides feedback on sleep parameters through a connected 

smartphone application (MiFit app) to the user, and in this study only accessible for the 

feedback group. Using both sleep trackers in the study design helped to ensure that the 

sleep was measured as reliably as possible and also feedback was provided to the 

participants of the feedback group, but this function was not available to the control group. 

Both sleep trackers were only worn during the night (more information about the sleep 

trackers is described in the measures section). The total duration of the study was three 

weeks of home monitoring in which this time no baseline was incorporated.  

 

The home monitoring was preceded with an intake where participants were screened based 

on the inclusion criteria before informed consent was obtained. During the intake, study 

set-up and equipment were explained. However, the real study goal was not explained in 

the information letter or during the intake, because this would interfere with our outcome 

measures. Therefore, the goal mentioned in the information letter or during the intake was 

the following: ‘The goal of this study is to compare two activity trackers’, as these devices 

were already incorporated in the study design and assumed to cause the least interference 

with the real study aim. In addition, a questionnaire about demographic variables and 

characteristics of the participants was filled out. At the intake, participants were allocated 

blindly (without their knowing) to either one of the groups. Participants were assigned to 
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the next available participant number in the order of the planned intake, with its attached 

condition.  

 

During the home monitoring, the control group was not receiving information from the 

Xiaomi Mi band (MiFit app), whereas the feedback group received information about their 

last night’s sleep through the mobile application of the Xiaomi Mi band (MiFit app), installed 

on their own phone. The participants of the control group were told that their band was 

synchronized with the app installed on one of the researcher’s phones and asked not to 

synchronize their band with the corresponding app. The feedback group was asked to at 

least check the Xiaomi MiFit app every morning. All participants were inquired to mark 

sleep/wake times with the marker button on the Actiwatch Spectrum. During the three 

weeks, several reminder emails were sent to remind the participants to wear the devices 

during the night. After the total duration of 3 weeks, participants were invited for an exit 

interview (face-to-face). The exit interview included the Pittsburg Sleep Quality Index (PSQI) 

(Buysse, Reynolds, Monk, Berman, & Kupfer, 1989), the Bedtime Procrastination Scale (BPS) 

(Kroese, De Ridder, Evers, & Adriaanse, 2014) and the semi-structured interview (fully 

described in the measures section). The sleep questionnaires were inquired at the end of 

the study as in this way this would not cause suspicion among the participants.   

 

Participants 

This study was approved by the Philips Research ethical committee. Participants were 

recruited by placing advertisements at the campus of the Eindhoven University of 

Technology and using a subject database maintained by the Eindhoven University of 

Technology. When people showed interest for participation in the study, an information 

letter was sent to the potential participants. Potential participants (both male and female) 

were considered when aged between 18 and 50, and in possession of a smartphone type 

compatible with the MiFit app. Potential participants were referred to the researcher who 

performed an extensive screening. People were excluded if:  

 diagnosed with a neurological, cardiovascular, endocrinological or psychiatric 

disorder,  

 suffering primary sleep disorders such as sleep apnea, restless leg syndrome or 

insomnia, 

 using sleep medication or antidepressants,  

 working night-shifts or having worked night-shifts in the recent past or when 2 or 

more time zones were crossed in the two months before participation,  

 having used the sleep applications or devices in the past year.  

From the people contacted initially, 9 did not meet the inclusion criteria, for 11 people 

contact could not be reestablished and 5 withdrew after the first contact had been laid 

(Figure 3.1). The reasons given for withdrawal were: too busy (2 people), the location of the 
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experiment was too far away for them, starting a new job and not available in that period. 

In the end, 81 participants were included, but 3 participants withdrew, leaving 78 

participants that completed the study, with a mean age of 26 years. The reasons for 

withdrawal were:  wearing the sleep trackers not regularly, indicated by the participants 

during the study and withdrew of their own accord (2) and one got the flu. 40 participants 

were included in the feedback group and 38 were allocated to the control group, in parallel. 

The intended allocation rate was 1:1.  

 

 

 

 

 
 

Figure 3.1. Flow diagram for participant enrollment and withdrawal.  
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Measures 

During the intake, demographic measures were obtained, such as age, gender, educational 

level and napping (frequency).  

 

The Pittsburg Sleep Quality Index (PSQI) is a validated self-rated sleep questionnaire aiming 

to identify overall sleep quality over a 1-month period (Buysse, Reynolds, Monk, Berman, & 

Kupfer, 1989). It contains 19 questions, with scores ranging from 0 to 21 (higher scores 

indicating worse sleep quality). The questionnaire includes estimates of sleep duration, 

sleep latency, sleep quality, habitual sleep efficiency, use of sleeping medication, daytime 

dysfunctioning and the frequency and severity of specific sleep-related problems. A PSQI 

score >5 is considered to indicate poor sleep quality. 

 

The Bedtime Procrastination scale (BPS) is a 9-item scale to assess bedtime procrastination 

(Kroese, Evers, Adriaanse & De Ridder, 2014). Items are answered on 5-point scales ranging 

from 1 (almost) never to 5 (almost) always. Sample items are “I go to bed later than I would 

like to,” and “I find it easy to quit doing other activities in the evening when it is time to go 

to bed” (reverse coded) (Kroese, Evers, Adriaanse, & De Ridder, 2014). The scoring ranges 

from 9 to 45, with higher scores indicating more bedtime procrastination behavior.  

 

Interview and sleep behavior change and awareness questionnaire: a semi-structured 

interview focusing on (the changes in) sleep behavior and sleep awareness during the study 

period was conducted. Questions that were asked in the open-question part of the 

interview were: ‘How did you experience the study in the last 3 weeks?’, ‘How was it to 

wear the two sleep trackers?’, ‘Did your sleep change in the last three weeks?’, ‘Did you 

think more about your sleep in the past 3 weeks?’ and ‘Did you change any sleeping habits?’. 

For the feedback group some additional questions about the sleep app were asked, for 

example: ‘How reliable did you think the sleep information was?’ and ‘What kind of 

information did you miss from the sleep app (if applicable)?’.  

 

In the sleep behavior change and awareness questionnaire similar questions were asked, 

but also a distinction was made between whether sleep behavior changes took place during 

the week or in the weekend. In addition, questions regarding the willingness to improve the 

sleep before the study and after the study and an overall question about sleep awareness 

were assessed. Most questions were answered on a 6-point rating scale ranging from 

strongly disagree to strongly agree, with somewhat agree, agree and strongly agree 

referring to a positive answer (and vice versa for a negative answer). Please see appendix A 

for the whole questionnaire and its response scales.  
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The Actiwatch Spectrum (Philips Respironics, Pittsburg, USA) was used to assess objective 

measures, such as sleep/wake times, wake time after sleep onset, total sleep time, sleep 

onset latency, sleep efficiency and number of awakenings. The number of awakenings in 

the Actiware software is called ‘wake bouts’ and defined as the following: ‘The total number 

of continuous blocks of epochs where each epoch is scored as wake for the given sleep 

interval’. The objective number of awakenings will therefore differ greatly compared to the 

experienced number of awakenings. The Actiwatch is a wrist-worn accelerometer and light 

recorder and was worn on the non-dominant wrist. The participants were asked to push a 

‘marker’ button when they tried to fall asleep and after their final awakening, such that a 

sleep interval was annotated based on these inputs. The system is an accepted method for 

collecting rest-activity rhythms(Ancoli-Israel et al., 2003; Sadeh & Acebo, 2002). The 

Actiwatch outcomes were used to establish whether sleep behavior changes occurred 

during the past 3 weeks.  

 

The Xiaomi Mi band (Xiaomi company, China) is a consumer-level device. It is a wrist-worn 

(military-grade) accelerometer and was worn on the dominant wrist in our study. It comes 

with the MiFit smartphone application that provides information about the total amount of 

steps, distance traveled, sleep and calories burned. For our study the sleep information was 

relevant and an impression of the feedback is displayed in figure 3.2.  

 

Figure 3.2. An example of the sleep outcomes 

of the MI app. Shown are bedtimes, the total 

number of minutes in bed, total minutes in 

deep sleep and light sleep and total minutes 

awake during the night. 
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The following sleep outcomes were reported for all three weeks for the feedback group: 

the total amount of minutes in deep sleep and light sleep, time in bed, wake up time and 

wake time after sleep onset. Moreover, the participants were able to access a more detailed 

timeline about the sleep/wake indices of that night and in another graph, their total sleep 

time per night of the past week is displayed. The data on the Xiaomi Mi band itself was not 

read out; we used the actigraphy outcomes of the Actiwatch Spectrum for the sleep 

parameters analysis. 

 

Data analysis 

We analyzed whether people changed any sleeping behavior during the study and a raised 

awareness about their sleep using objective measures (actigraphy outcomes) as well as 

using subjective measures (interview and sleep behavior change and awareness 

questionnaire). Two main hypothesis were formulated: 1) Receiving sleep information 

about last night’s sleep will lead to a raised awareness about sleep compared to not 

receiving sleep information and 2) Sleep behavior change will occur as a result of better 

sleep hygiene caused by an increase in sleep awareness. Based on these two main 

hypotheses the following hypotheses were specified:  

- Participants in the feedback group will have an increased awareness about their 

sleep during the study compared to participants in the control group. 

- For the feedback group, the mean bedtime is earlier in week 3 compared to week 

1.  

- For the feedback group, the total sleep time is longer in week 3 compared to week 

1. 

- The mean wake time after sleep onset is lower in week 3 compared to week 1 in 

the feedback group. 

- The mean sleep onset latency in week 3 is lower compared to week 1 in the 

feedback group. 

- No sleep behavior changes will occur in the control group.  

Since wake-up times are more restricted to obligations than other sleep parameters we did 

not expect to see significant changes in wake-up times. On the actigraphy outcomes, 

repeated measure analyses with a between factor were performed, also referred to as a 

mixed ANOVA. In this way, within-subject effects and/or time effects were controlled for. 

In our analysis time (3 weeks) was the within-subjects factor and group the between-

subjects factor.  

 

Moreover, to find out whether sleep behavior changed and higher sleep awareness 

occurred during the study period data collected with the sleep behavior change and 

awareness questionnaire were analyzed with descriptive statistics. For reporting these 

results, answer options related to positive answers (agree) were taken together, e.g. 

somewhat agree to totally agree, and the same for negative answer options (disagree). All 
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analyses were performed with IBM SPSS software package 22. Reported changes were 

significant at a 2-tailed p-value of ≤ .05. Answers given on the interview questions were 

immediately transcribed during the interview. After all the interview data was collected, 

answers were screened regarding the two research questions: 1) ‘Do people get more 

aware and or more worried because of receiving sleep information about last night’s sleep?’ 

and 2) ‘Do people change any sleeping habits as a result of receiving sleep information about 

their sleep?’. The interview transcripts were analyzed by two researchers. When no 

agreement was reached, the arguments were discussed and a final conclusion was reached.   

 

Results 
 

Demographic and sleep characteristics over the whole study period of the study sample 

(average and standard deviation of the three weeks) are shown in Table 3.1. The age of the 

participants ranged between 19 and 51 years. Overall the mean PSQI and BPS score was the 

same across groups. 

 

Table 3.1  
 
Demographic and sleep characteristics of the study sample 
 

Characteristics   

Age (in years) 26 ± 7.5 
59 

86 % followed or completed an academic degree 
Gender, female (%) 

Education level 
Naps:   

Yes, daily  1 
1 
6 

27 
42 

Yes, several times per week 

Yes, several times per month 

Yes, only sporadic 

No 

 Control group, n = 38 Feedback group, n = 40 

PSQI 4.8 ± 2.7 4.6 ± 1.6 
BPS 26.8 ± 8.1 26.5 ± 7.2 
 Mean ± SD of the three weeks: 
Total sleep time (min) 450.4 ± 87.4 457.7 ± 80.4 
Bedtime (hh:mm:ss) 24:06:26 ± 1:27:10 23:58:50 ± 1:27:33 
Wake time after sleep onset (min) 33.8 ± 15.1 38.3 ± 20.3 
Number of awakenings (#) 37.3 ± 14 39.6 ± 13.4 
Sleep onset latency (min) 10.8 ± 16.8 10.8 ± 15.7 
Wake up time (hh:mm:ss) 08:01:02 ± 1:22:33 08:02:36 ± 1:24:41 
Sleep efficiency (%) 87.8 ± 5.6 86.8 ± 6.2 

Note. Mean ± SD, unless stated otherwise in the table. PSQI = Pittsburgh Sleep quality Index, BPS = Bedtime 
procrastination Scale. The sleep parameters are based on the actigraphy outcomes of the Actiwatch Spectrum.  
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1) Receiving sleep information about last night’s sleep will lead to a raised awareness about 

sleep compared to people not receiving sleep information 

 

Interview and sleep behavior change and awareness questionnaire 

In both groups, more than half (N = 49) of the participants reported during the interview 

that they had started to think more about their sleep. They indicated this was mostly due to 

wearing the sleep trackers.  

 

Three people from the control group and five people from the feedback group became 

slightly more worried about their sleep during the study. The worries mentioned by the 

control group concerned whether they slept enough hours for the study goal or late 

bedtimes. For the feedback group reasons for worrying comprised of interpretation of the 

information given by the app (if the app reported a bad night participants started to feel 

they had slept badly), irregular bedtimes and the balance between light and deep sleep. Of 

the people that started to worry more, one participant (feedback group) indicated sleep 

behavior change according to the interview, namely getting at least 7 or 8 hours sleep per 

night.  

 

Six participants of the control group gained new insights about their sleep against 18 people 

belonging to the feedback group. New insights for the control group concerned needing a 

better bed, needing more sleep, falling asleep faster and snoozing more than previously 

thought. For the feedback group, 9 people gained new insights about the amount of light 

and deep sleep, the length of sleep (5), irregularity of bedtimes (3) and going to bed too late 

(1). 

 

Before the study, 54% (n = 42) of the participants did not think a lot about their sleep. After 

the study, 61.5% (n = 48) of the participants thought more about their sleep than before. At 

the beginning of the study, 63.4% (n = 50) did not worry about their sleep against 66.7% (n 

= 52) after the study. Above results were around the same across the groups.  

 

The outcome of the question about whether sleep behavior changes occurred and/or 

whether sleep awareness increased is shown in Figure 3.3. In total, 18 individuals wanted 

to alter sleep behavior but did not succeed. The number of participants that indicated sleep 

behavior changes was lower (5 participants in total) from the sleep behavior change and 

awareness questionnaire than indicated during the interview (19 participants in total). 
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Figure 3.3. The distribution of the sample on the question: ‘Wearing the sleep trackers has 

made me..’, displayed for each group separately.  

 

 

2) Sleep behavior change will occur as a result of better sleep hygiene caused by an increase 

in sleep awareness.  

 

- For the feedback group, the mean bedtime is earlier in week 3 compared to week 

1.  

 

This hypothesis was not confirmed by the data of the actigraph. One participant from 

the feedback group and two participants from the control group reported to go to bed 

earlier than at the start of the study. Moreover, this result was also seen in the 

outcomes of the sleep behavior change and awareness questionnaire (Table 3.2). 

Interestingly, 7 participants from the control group indicated to go to bed earlier during 

the weekend compared to the beginning of the study.   

 

- For the feedback group, the total sleep time is longer in week 3 compared to week 

1.  

 

In the actigraphy data no significant difference was observed between the mean total 

sleep time of week 3 and week 1 from the feedback group (please see Figure 3.4). Also 

no interaction effect was found between time and group. During the interview 3 
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participants from the feedback group mentioned to sleep longer compared to the 

beginning of the study against one participant of the control group. However, according 

to the sleep behavior change and awareness questionnaire mainly participants of the 

control group indicated an increase in total sleep time during the study (Table 3.2).  

 

 

 

 
 
Figure 3.4. The mean total sleep time across the duration of the study for the control and 
feedback group. 
 
 

- The mean wake time after sleep onset is lower in week 3 compared to week 1 in 

the feedback group. 

 

In the actigraphy data no significant difference was found between the mean wake time 

after sleep onset of week 3 and week 1 within the feedback group. However, one 

participant from the control group indicated to wake up more often during the study. 

What exactly the cause was of the increase in awakenings could not be determined by 

the participant.  
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-  The mean sleep onset latency in week 3 is lower compared to week 1 in the 

feedback group. 

 

This hypothesis was not supported by the actigraphy data. One participant from the 

feedback group as well as one participant from the control group mentioned during the 

interview to fall asleep faster than at the start of the study Also, according to the sleep 

behavior change and awareness questionnaire the same amount of participants of both 

groups indicated to fall asleep faster (Table 3.2).   

 

- No sleep behavior changes will occur in the control group.  

 

No significant differences between week 3 and week 1 in the sleep parameters of the 

actigraph were observed within the control group. However, 10 participants from the 

control group mentioned during the interview some sleep behaviors changes as was 

also observed in the sleep behavior change and awareness questionnaire. Additionally, 

no differences were found between the two conditions on the sleep parameters of the 

actigraphy data.  

 

Although the interview distinguished between whether their sleep changed in the past 3 

weeks (e.g. longer or shorter sleep, deeper sleep or fewer awakenings) and whether they 

changed any sleeping habits (e.g. bedtime routines or bedtimes), responses to the two 

questions overlapped. 9 out of 40 participants belonging to the feedback group indicated 

changes in their sleep. However, as mentioned above, also 10 out of 38 of the control group 

responded positively to above questions.  

 

Additional sleep behaviors that participants reported to have altered were: waking-up 

earlier, taking fewer naps during the day and keeping more consistent bedtimes. Moreover, 

also habits before going to bed were adjusted: one participant started doing breathing 

exercises before going to sleep and another participant started drinking a cup of tea before 

going to bed. Of the people that indicated sleep behavior modification during the interview, 

15 out of 19 participants had the desire to improve the sleep before the study started. 

 

Sleep behavior change and awareness questionnaire 

According to the sleep behavior change and awareness questionnaire in particular 

participants from the control group compared to the people from the feedback group 

reported some alterations in their sleep (Table 3.2). For the weeknights, 5 participants from 

the control group indicated to sleep better compared to how they slept at the beginning of 

the study. Overall, 67.5% (n = 27) of the feedback group wanted to modify their sleep 

behavior before the start of the study against 50% (n = 19) of the control group. After the 
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study, 75% (n = 30) of the feedback group wanted to alter their sleep behavior versus 73.7% 

(n = 28) of the control group.  

 

Table 3.2  

Overview of the sleep changes across the groups based on the questionnaire, making a 

distinction between week and weekend nights.  

 Week Weekend 

If I compare the end 
of the study with the 
beginning of the 
study: 

Control 
group 

Feedback group Control group Feedback group 

‘Go to bed earlier’ 2 3 7 2 

‘The time to fall 
asleep became 
shorter’ 

3 4 4 3 

‘Lay awake less long 

during the night’  

 4* 1 3 0 

‘Increased total sleep 

time’ 

8 4 7 1 

‘Sleep better’  5 1 3 0 

Note.*: Also, 3 people from the control group indicated to lay awake longer compared to the beginning of the 

study, against 0 of the feedback group. 

 

Sleep information 

 

Interview and sleep behavior change and awareness questionnaire 

The reliability of the app was rated with a mean score of 5.7 (min. = 1; max. = 8; range 0 -

10). Sleep information that was missed from the sleep application by the participants 

concerned information about what light and deep sleep entail, what normal sleep is and 

more coaching on how to acquire better sleep. Moreover, 9 out of 40 participants did not 

miss any information from the sleep application. Twenty-five participants checked the sleep 

information daily.  

 

Discussion 
 

Two main research questions were formed from the main purpose of this study: ‘Do people 

get more aware and or more worried because of receiving sleep information about last 

night’s sleep?’ and 2) ‘Do people change any sleeping habits as a result of receiving sleep 

information about their sleep?’. Related to research question one our results showed that 
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wearing a sleep tracker made more than half of the participants more aware of their sleep 

indicated during the interview. In both groups some participants got more worried about 

their sleep, however, in the control group, these worries were more related to whether they 

slept enough for the study goal. With regards to research question 2, we did not find 

differences in the sleep variables of the actigraph between the group receiving sleep 

information and the control group. However, a quarter of both groups reported to some 

extent a change in sleep behavior. Most participants that observed a sleep behavior 

alteration also indicated beforehand that they wanted to improve their sleep. Based on 

above outcomes, we concluded that receiving sleep information about last night’s sleep was 

not contributing to additional changes in sleep behavior and sleep awareness. Also, most 

people who were more aware of their sleep behavior were unable to positively influence 

their sleep with only monitoring their sleep without priory set goals.  

 

Interesting but contrary to our expectations, was the result in the control group indicating 

that they wanted to change their sleep behavior during the study and according to the 

interview 10 participants reported to actually have changed a sleep behavior. A reason for 

this result could be that the control group could not access their sleep information, so they 

may have had the feeling that their sleep altered, but this was not actually the case. On the 

other hand, the feedback group could have been, more skeptical, as they did not see a sleep 

behavior modification confirmed in the sleep information from the application. Or it could 

have been that people from both groups gave more socially desirable answers and did not 

want to disappoint the interviewer. However, probably the socially desirability bias is not 

very likely as the answers on the sleep behavior change and awareness questionnaire were 

filled in through a laptop by the participant and not through a face-to-face interview (De 

Leeuw, 2005). In addition, the sleep behavior change and awareness questionnaire was 

assessed under the same requirements and conditions for the control group as well as for 

the feedback group. Lastly, the formulation of the question in the sleep behavior change 

and awareness questionnaire could have influenced above result, as the word ‘want’ is 

used, indicating more an intention for a sleep behavior change than an actual sleep 

alteration. The formulation of ‘want’ was chosen, as the time of the study is limited and it 

could be that more time is needed for a real sleep behavior modification. However, we 

expected to see changes in the sleep at the beginning of wearing a sleep tracker (first 

month) as then the sleep tracker is perceived as new and participants are the most curious. 

Moreover, the time needed to investigate a sleep behavior change has not been 

investigated before, and therefore our study could serve as an indication for future studies. 

In our study, it is an interesting finding that cognitive changes occurred regarding sleep 

behavior alteration.  
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The sleep behavior modifications observed in the interview were not confirmed in the 

actigraphy outcomes. This could be due to great variety between people as some 

participants went to bed earlier and others who went to bed later compared to week 1. On 

an individual level, for some people, a difference of going to bed 10 to 15 minutes earlier 

could be already a successful achievement towards healthier sleeping habits, but not visible 

in the actigraphy outcomes. It has been found that self-reported sleep measures and 

actigraphy measures are low to moderate correlated (Girschik, Fritschi, Heyworth, & 

Waters, 2012; Lauderdale, Knutson, Yan, Liu, & Rathouz, 2008). Reasons for the low 

correlation between self-reported sleep measures and actigraphy sleep data in above 

studies could be that the accuracy of an actigraph is not adequate to detect such small 

changes in sleep habits or that the recollection of sleep parameters is inherently poor. 

Lastly, it could be that the execution of the sleep behavior change was not successful for 

every participant. Therefore we conclude that the intention of a sleep behavior change was 

present but whether the sleep behavior change was performed remains unclear.  

 

In the feedback group, 18 participants gained new insights about their sleep because of 

using the application. Most of the new insights were about the amount of light and deep 

sleep. For the subjects, new questions arose about how much light and deep sleep is 

necessary for normal sleep, which is not explained by the application they used. However, 

a few people also got worried about their sleep partly caused by this new insight. This result 

indicates that more research is needed about the content of the feedback that is provided 

to the user. The sleep information that is until now provided by most of the sleep monitoring 

devices is very limited and succinctly given, which was also the case with the sleep 

information presented in our study. The quality of the feedback is an important factor as it 

can potentially mislead the users into thinking they have no reason to change their sleep 

behavior, in case the device is falsely showing an overestimation of their total sleep time. 

Or the total sleep time is actually longer than presented by the device and therefore the 

user will still attempt a sleep behavior change, which could lead to frustration.   

 

Recently, more research has been done to examine the possible effects when extensive 

feedback is displayed and more options for evaluations are presented (Choe, Lee, Kay, Pratt, 

& Kientz, 2015; Daskalova et al., 2016; Kay et al., 2012). Choe et al. (2015) developed a 

manual tracking system for capturing and reflecting on sleep behaviors and other 

contributing factors with a low-burden use. An interesting finding was that the most 

suitable time for self-reflection on the data was before going to sleep. Daskalova et al. 

(2016), went a step further and investigated the possible effects of sleep monitoring with 

individually-tailored recommendations and feedback. They concluded, using single-case 

experiments, that as a result of the tailored messages the sleep quality improved. The sleep 

information used in this study was mostly checked upon when the device was synchronized 
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with the corresponding application in the morning. Moreover, the sleep information 

presented in this study was not tailored to the participant. We have chosen to execute this 

study with the limited feedback as this is the most common form of feedback given today 

towards users and other (new) sleep tracking devices, with e.g. more tailored messages, are  

under development.   

 

Our results also suggest that one needs to be cautious in attributing an effect only to a 

certain intervention, as in fact, it could be allocated exclusively to self-monitoring. Mairs 

and Mullan (2015) made a distinction between two behavior change techniques: self-

monitoring and implementation intentions. They observed that both techniques could be 

useful for improving sleep hygiene and sleep. The main difference between our study and 

their study is that they set a specific goal that they wanted to reach whereas the current 

study investigated the effects of self-monitoring without preconceived goals. Miyamoto et 

al. (Miyamoto, Henderson, Young, Pande, & Han, 2016) point out that only tracking health 

data is not enough for a sustained health behavior change. This conclusion was derived 

based on four focus groups, where participants indicated that only tracking a certain health 

behavior for behavior change would not be enough. Our results indicate that wearing a 

sleep tracker could influence the intention for sleep behavior change, as some participants 

developed a sleep goal spontaneously, however, future studies should investigate the long-

term effects of self-monitoring sleep.  

 

Mobile health (mHealth) technology might be an effective tool for behavior change, but 

since these technologies are not very mature, the interpretation of and attitude of the user 

towards the presented data is of very importance for the possible effects on sleep behavior 

change (Kim et al., 2016). The combination of a sleep tracking device that comes with an 

app that provides educational support and coaching (tailored), and the willingness 

(motivation) of a person to change sleep behavior might be an adequate combination of 

some first steps towards sleep behavior change.  A sleep behavior change could also result 

in other health benefits as well. For instance, as a person feels less tired during the day this 

could result in more activity across the day. Therefore, it is important to know what 

receiving sleep information does to a person as the possible effects will probably not only 

have consequences in the sleeping area. Wharton et al. (2014) reported that mHealth 

technology could represent a novel method in self-monitoring weight loss.  

 

With the current study, we were able to investigate the effects of receiving sleep 

information based on self-reports as well as actigraphy data in a large non-clinical sample. 

However, because of the lack of standardized questionnaires about sleep experiences, this 

was assessed by a self-made questionnaire. In addition, the mean age was lower than 

expected, resulting in a population that is more representative for young adults (students) 
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than the predetermined age range of between 18 and 50 years old. Moreover, the sleep 

information given in this study is limited and therefore the found results are only applicable 

towards the simple numerical feedback presented in this study. Moreover, the Xiaomi Mi 

band has not been validated against the gold standard of measuring sleep 

‘polysomnography’ or any other actigraph. Therefore we do not know the quality of the 

sleep information that was given to the participants. Lastly, we monitored participants for 

three weeks but whether the found results remain after a longer period of time needs to be 

determined, irrespectively of still using a self-monitoring device or not. Yet, this is also still 

an issue for the mHealth industry: how to empower the user to use the wearables with their 

applications long-term (Fritz, Huang, Murphy, & Zimmermann, 2014). Future studies should 

investigate different aspects of feedback and their effects on sleep behavior and sleep 

awareness; such as the amount and type of information, educational feedback, the 

presentation and visualization of the data and coaching aspects.  

 

In conclusion, wearing a sleep tracker has an effect on sleep awareness and to some extent 

on the intention for sleep behavior change. However, receiving mainly numerical sleep 

information about last night’s sleep was not contributing to additional changes in sleep 

behavior and sleep awareness, as compared to subjects wearing a device without receiving 

such information. In addition, sleep information that is unknown to the user may lead to 

slightly more worries about their sleep. This study showed how people might react to casual 

sleep monitoring. However, more research is needed to investigate what is accurate and 

valuable feedback for the users of sleep trackers, the sustainability of our results and 

negating possible negative ‘side effects’.     
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Abstract 

To date, there is little information on how normal sleepers understand and discuss sleep in 

the context of daily life. Efforts to conceptualize sleep quality have been largely driven by 

clinical considerations of sleep disorders. As such, they are not necessarily representative 

of how normal sleepers without clinical expertise conceptualize sleep quality. A 

phenomenological approach was taken to understand the essence of the sleep experience 

and the concepts held by lay people without sleep disorders. A sentence completion 

questionnaire was developed and administered to a quota sample of 64 respondents who 

were selected aiming for sufficient representation of different gender, ages, and education 

levels. Significant sentences and meaningful units were derived inductively, resulting in a 

classification of nine categories. The major facets of sleep experience of lay people were 

‘daytime functioning’, ‘interruptions during the night’ and ‘before bed state’. This implies 

that the experienced sleep quality does not only depend on the progress of the night. These 

results can guide future research to provide suitable psychometric measures for normal 

sleepers, as well as the design of sleep data visualization applications in the context of 

health self-monitoring.   
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Background 

In recent years, there is a growing trend towards self-monitoring of sleep quality using 

commodity electronics, typically based on self-report or activity level measurements. While 

such technologies still need to improve regarding their reliability and are not yet meant as 

a tool to support clinical practice, the need arises to represent sleep quality in terms that 

are understood by people and are meaningful with respect to how they experience sleep. 

In addition, since sleep is related to a variety of health outcomes (Beebe, 2011; Chee & 

Chuah, 2008; Kim et al., 2001), understanding what a good sleep experience entails is 

important as addressing certain sleep issues may improve other health outcomes as well. 

 

Defining and operationalizing sleep quality is very challenging and a broadly accepted 

definition is still lacking. Traditionally clinical research has sought to define and 

operationalize sleep qualities by developing purpose specific questionnaires that are based 

on a clinical understanding of sleep disorders. Such questionnaires are not necessarily 

reflective of how lay people without sleep problems conceptualize sleep and think about 

their own sleep experience. Krystal and Edinger (2008) proposed to measure sleep quality 

based on a single Likert-style rating of sleep quality of the previous night without attempting 

to further detail or conceptualize what sleep quality should be assumed to refer to. They 

remark that (1) “maybe sleep quality reflects non-sleep phenomena” and (2) “the possibility 

that sleep quality may reflect different aspects of sleep among people” (Krystal & Edinger, 

2008). If this is so, then asking people to report subjective sleep quality by rating a single 

likert-style score would be too limited. Therefore, we think that gaining more insight first in 

the sleep experience of individuals without a sleep disorder would add to a better 

operationalization of the sleep quality construct.   

 

Research regarding the nature of the sleep experience of normal sleepers is limited. Harvey 

et al. (2008) conducted structured interviews which helped them identify the following 

factors as the most important for judging subjective sleep quality the morning after: 

whether you got enough sleep, feeling rested and restored on wakening and feeling alert 

throughout the day. Harvey et al. (2008) provide a good idea of what factors are considered 

when judging sleep quality. Buysse et al. (2010) observed that subjective sleep depth falls 

along the same dimension as overall sleep satisfaction. However, a broader consideration 

of what the general sleep experience is for normal sleepers, starting with the state of mind 

before going to bed, to how a person awakes the best, could provide more insight into the 

factors that are involved in a sleep experience and contribute to an improved understanding 

of what is a good sleep experience and subsequently sleep quality.  
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Since there is little information on how normal sleepers understand and discuss sleep in the 

context of daily life, the aim of the current paper is to provide insight into the sleep 

experience of normal sleepers. A phenomenological research approach is taken that aims 

to capture the essence of an experience common to a group of people, bracketing out prior 

conceptions of this experience on behalf of the researcher.   

 

Methods  
 

Participants 

After approval from the appropriate Institutional Ethical Review Board, participants were 

recruited through the ‘IPO database of study participants’ maintained at the University. This 

database consists of students as well as people who indicated to be willing to participate in 

future research studies. Participants were approached by email and could interact with the 

researchers through a website. The whole study was conducted online. A total of 118 

people participated in the study, with an age range between 18 and 83 years. The data from 

one participant was unusable leading to a total of 117 completed questionnaires. A quota 

sampling approach was applied in order to ensure that the following subgroups were 

sufficiently represented in the final sample: 

 Age: young ( ≤49 years) / old (≥ 50 years)  

 Sex: Female / Male 

 Education: high (>= bachelor) / low (< bachelor).  

 Pittsburgh Sleep quality index (PSQI) (Buysse, Reynolds, Monk, Berman, & Kupfer, 

1989): good (<=5) / poor  (>5) 

 

In each group that is defined as a combination of these characteristics, we had at least 4 

participants, which made the total number of participants for the analysis of this study 64 

(2 age * 2 sex * 2 education * 2 PSQI * 4 = 64 participants). To end up with the 64 

participants, 118 participants completed the whole survey, so that in each group the same 

number of people was represented.  On the remaining 53 participants, no analysis was 

performed for this paper. The final sample contained 32 men and 32 women with an 

average age of 47 years. Persons with a diagnosed sleep disorder were excluded from 

participation.   

 

Measures 

Sentence stem completion questionnaires (Dittmann-Kohli & Westerhof, 1997) were used 

to survey participants’ conceptions of sleep experience. Stem completion is a projective 

data collection technique developed by Herman Von Ebbinghaus in the late 1800s (who 

originally developed it as part of an intelligence test), in which participants are offered a list 

of sentence stems that they complete in order to provide their view on the topic of the 
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investigation. For example, an item of our questionnaire is “What influences my sleep the 

most is …“ which a participant completed with  “how stressed I am at work“. The method 

has been applied most influentially in the field of personality psychology, as an alternative 

to rating scales. The method was preferred because it allows to collect rich, nuanced and 

personal perspectives very efficiently while still being open and preserving participant 

perspective. 

  

The sentence stem completion questionnaire for sleep experience 

A sentence stem completion questionnaire was constructed iteratively to capture lay 

concepts of sleep experience.  Initially, a pool of 62 Dutch sentence stems was derived based 

on examination of existing subjective sleep quality inventories (Buysse et al., 1989; 

Meijman, de Vries-Griever, De Vries, & Kampman, 1988; Morin & Barlow, 1993; Soldatos, 

Dikeos, & Paparrigopoulos, 2000; Van Diest, Milius, Markusse, & Snel, 1989). A pilot trial of 

the 62-item stem completion questionnaire was carried out with 10 individuals, recruited 

through convenience sampling amongst colleagues in the research groups of the authors.  

The responses were analyzed for word frequency and comparisons were made between 

responses depending on whether a participant indicated to be sleeping well, poorly, or 

neutral. Removing stems that did not seem to provide new information, 30 sentence stems 

were retained and 3 items were slightly revised to circumvent ambiguous readings of the 

stems, resulting in the Sleep Sentence Completion Questionnaire (SSCQ). Translations of 

the items of this questionnaire can be found in appendix B of this thesis. 

 

Procedure 

After informed consent was obtained participants were screened for having Dutch as their 

native language, to ensure good comprehension of the stems and the ability to express 

themselves adequately. Filling in the survey took 15’ min. Demographic information, 

educational level, the Dutch version of the Pittsburgh Sleep Quality Index (PSQI) (Buysse, 

Reynolds, Monk, Berman, & Kupfer, 1989) and SSCQ  were assessed. Participants were paid 

with a voucher of 5 Euro. The experimenter monitored the collection of data and stopped 

collecting when the sampling criteria had been satisfied.   

 

Data analysis 

A phenomenological data analysis approach was adopted. Phenomenology is a qualitative 

research approach which aims at describing the common meaning of lived experiences for 

several individuals, reducing the experiences reported by individuals to a central meaning, 

or the ‘essence’ of the experience (Moustakas, 1994). An important element of this method 

is that of ‘epoche’ or ‘bracketing’ described by Colaizzi (1987) (as cited in Moustakas (1994)) 

where the researcher sets aside preconceived or theoretically informed notions of the 

phenomenon study, in order to understand deeply and faithfully portray the experiences of 
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participants in the study. Phenomenology has been used extensively in social and health 

sciences (Giandinoto & Edward, 2015), especially, e.g., for understanding patients’ cognitive 

representations regarding Human Immuno-deficiency Virus (HIV) (Kelly, Langdon, & Serpell, 

2009) or Acquired Immune Deficiency Syndrome (AIDS) (Anderson & Spencer, 2002). There 

is no earlier application of this approach to study the sleep experience.           

 

After some preliminary examinations of the data to obtain an overview, completed 

questionnaires were read one by one in their entirety and analyzed to identify the most 

meaningful statements per participant (in total 64 participants).  This was preferred over an 

inductive coding at individual response level, which would not permit the analyst to 

understand the relative importance of different answers for a participant, their context, and 

would not respect the perspective of a participant as an individual. No fixed number was 

set, but we aimed for selecting approximately 1-5 meaningful statements per participant in 

order to reduce the data set. Selected meaningful statements for the full set of participants 

were clustered into themes, now representing the whole participant population. This 

resulted in a set of 206 significant statements, which were clustered into eight themes, 

based on the frequency of the statements and their similarities. Since the statements were 

already short in itself no software was used to analyze the statements.  

 

To ensure the validity of the clustering, two coders performed independently a direct 

content analysis (Hsieh & Shannon, 2005) where they classified all the statements (64 x 30 

= 1920) along the eight themes. After 5% of the data, a comparison table was created to 

identify divergent classifications and interpretations. Based on this discussion, another 

category was added, namely: alarm clock. The remaining 1800 statements were classified 

by the two coders achieving a consistency of 0.81 Cohen’s kappa.   

 

Results 
 

The characteristics of the study sample are displayed in Table 4.1. The average total sleep 

time of the study sample is +- 8 hours.  The PSQI global score ranged from 1 - 16, considering 

only the global sleep quality subscore of the PSQI, then 46 participants rated their overall 

sleep quality as fairly good to good.   
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Table 4.1  

Participants characteristics 

Characteristics  

Age, mean (SD) 47 (18.2) 
Age range 18 – 79 

Gender 32 (50% female) 
PSQI , mean (SD) 5.9 (3.7) 

PSQI range 1 – 16 
Time to bed, mean (SD) 23:38:59 (1:13:42) 
Wake up time,  mean (SD) 7:31:41 (1:11:35) 

 Note. SD = standard deviation 

 
The nine themes that resulted from the data analysis can be found in Table 4.2. The largest 

category in our analysis (51 statements) was ‘next day state’, characterized by the following 

statements: whether people felt tired the next day, whether they felt restored the next day, 

how refreshed or rested they felt when waking up or whether they felt energetic during the 

day. An example of such a statement includes: ‘After a night of sleeping well I feel refreshed 

and capable of full concentration throughout the day.’. 

 

Statements about sleeping through the night and waking up during the night were included 

in the second category: interruptions. The interruptions category can be divided into two 

parts, one part where internal reasons were given for the interruptions during the night 

(waking up in general and toilet visits) and a second part where external reasons were given 

for not sleeping through the night (noise and waking up by others). Sleeping through the 

night and not waking up were mostly mentioned when finishing, for instance, the stem ‘I 

sleep well when….’, but were often recurring on other stems. An example of a statement of 

an interruption caused externally was: ‘I think it is difficult to fall asleep when there are 

various sounds such as snoring and outside noises.’.  

 

‘Before bed state’ entails statements about stress level or how relaxed they were and their 

body temperature before going to bed. The amount of stress or worries were often 

reported as a reason for poor sleep. Body temperature includes statements about having 

cold or warm feet. In general, the category ‘before bed state’ contained concepts about the 

mental status before going to bed and the body state in which subjects entered the bed. 

For instance, ‘I sleep well when I am not worried or stressed before bedtime’. 
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Table 4.2  
 
The outcome of the categorization of the 206 statements about sleep experiences. 

 
Themes Description Example #statements 

Next day state Includes statements about the 
state of well-being directly after 

waking up and daytime functioning 

After a good 
night’s  sleep I 

feel fit and 
energized, and 

looking forward 
to the day.  

51 

Interruptions during 
the night 

Contains statements about waking 
up through the night either induced 

by internal causes (toilet visits) or 
external causes (noise). Also 
includes the positive stated 

statements, such as sleeping 
through the night 

A good night’s  
sleep is 

minimizing the 
number of 

awakenings 
during the night.  

41 

Before bed state  Involves statements about mental 
and physical well-being before 

going to bed. 

What most 
affected my 

sleep was stress. 39 

Sleep characteristics Contains the other sleep 
parameters such as sleep onset 
latency, deep sleep and sleep 

duration 

I feel best when I 
have slept 8 

hours. 18 

Bedroom environment This theme is about all the objects 
in the bedroom (for instance, bed, 
mattress, pillow etc.) and the light 
and temperature in the bedroom. 

What my sleep 
interrupts is too 

much light 
through the 

window. 

13 

Thoughts about sleep Statements about how they 
perceive sleep and the function of 

sleep 

I experience my 
sleep as 

important. 
12 

Routine 
 
 

Contains statements about 
bedtime routines such as listening 
to music or drinking habits before 

bedtime.  

Before bedtime I 
would like to 
read a book. 

11 
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Alarm clock Statements that include either 
waking up with or without an alarm 

clock 

I cannot fall 
asleep without 
first setting the 

alarm clock.  
5 

Other This theme contains all the other 
statements which do not belong to 

the other themes 

My sleep is poor 
when I dream a 

lot.  
16 

 

 

The theme ‘sleep characteristics’ entailed the other sleep parameters, such as sleep 

duration, the amount of deep sleep and sleep onset latency. The corresponding statements 

included the following: ‘when I quickly fall asleep’, ‘8 hours of sleep’ and ‘enough deep 

sleep’. 

 

‘Bedroom environment’ included statements about the temperature of the bedroom, type 

of pillow or the quality of the bed.  

 

The sixth category concerned how normal sleepers perceive their sleep or what they think 

is the function of sleep. Examples of statements were: ‘a pleasant event’ or ‘very important 

to sleep’.  

 

The theme ‘routine’ included two types of routine, types of entertainment before going to 

bed, such as reading a book or watching television as well as, types of routine regarding 

drinking habits.  

 

The second to last category covered concepts related to waking up by oneself or setting the 

alarm clock.   

 

190 statements of the 206 statements were accommodated under the 8 categories. 

Statements that were not included in the 8 categories but were allocated in the category 

‘other’ concerned: dreams/nightmares (4), regular bedtimes (2), bad food (3) and a few 

single statements about sleeping posture, sleep rhythm and sleeping on time (7).  

 

Further analysis showed some small noticeable distinction between men and women. For 

instance, when answering the question: ‘My sleep is good when … ’, men answered in a very 

varied way and women namely responded with sleeping through the night and having inner 

rest (no worries etc.). Also, a minor distinction was found when dividing the sample into 

good and poor sleepers (based on the cut-off score of the PSQI (>5). Poor sleepers gave very 

varied answers on the question ‘My sleep is bad when…’ , while good sleepers answered 
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more often according to category 2 (sleeping through the night) and 9 (namely: too much 

to drink or eat). The distinctions above were not significant, but could be worth to explore 

further in future studies. 

 

Discussion  
 

In our study, one of the most important factors for describing a good sleep experience was 

daytime functioning. In other words, the energy level during the day, how tired or refreshed 

they felt when waking up, were frequently described when answering the SSCQ. This 

suggests that it is more important for people how they function during the day in judging 

their sleep experience than how the night actually went. Still, wake time during the night 

cannot be ignored, as this also formed a large category in our analysis. This is consistent 

with the results of Harvey et al. (2008), who also mentioned next day state variables 

frequently for judging sleep quality. Compared to the study of Harvey et al. (2008), in our 

study participants indicated that their state of mind before bedtime is an import factor for 

the sleep experience. State of mind, such as stress, has been correlated with subjective 

sleep quality (Åkerstedt et al., 2012; Eliasson et al., 2010; Pawlyk, Morrison, Ross, & 

Brennan, 2008). Consequently, this made awakenings during the night, before bed state 

and next day state the most important factors for describing sleep experiences for lay 

people. The categories are linked though, as stress before going to bed can cause a longer 

sleep onset latency, more awakenings during the night and therefore a shorter sleep 

duration (Åkerstedt, 2006; Sadeh, Keinan, & Daon, 2004). As a consequence, one may feel 

tired during the day. 

 

When comparing the PSQI with our categorization we saw one remarkable thing. The major 

category daytime functioning did not match with the questions of the PSQI, in particular, 

because of the different wording of the questions of the PSQI. The PSQI questions relate 

more to the extremes of daytime functioning, for instance: ‘During the past month, how 

often have you had trouble staying awake while driving, eating meals, or engaging in social 

activity?’. Probably, most people do experience some degree of dysfunction during the day 

because of tiredness, not feeling refreshed or being irritated, however, they do not 

experience problems with staying awake. On the other hand, when subjects talked about 

sleep onset latency, most of the time they did not mention the time it took them to fall 

asleep, instead saying that they did not fall asleep immediately because of worrying. As 

there is no further specification on how those questions should be answered, assumptions 

will be made that may lead to answers that are not representative of the actual situation. 

Therefore, to get a complete understanding of someone’s subjective sleep experience it is 

essential to take into account the thought process while answering some of the questions 

and to ask more specific questions. Of course, a reason for the differences found above is 
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that the purpose of the PSQI is to identify persons with sleep problems. However, for 

research purposes a sleep questionnaire that eliminates clinical considerations should be 

used to obtain a complete understanding of the sleep experience in normal sleepers.   

 

Most diaries focus on the progress of the night, such as bedtime, wake time and sleep 

duration. Our results suggest that more emphasis should be placed on how people feel 

when waking up, whether they feel restored and whether they feel energized for the day 

when understanding the sleep experience. As most sleep diaries are completed in the 

morning, daytime variables are currently not assessed when understanding the sleep 

experience. When a complete impression of the sleep experience is needed additional 

questions, for instance, in the evening should be asked. In addition, the mindset when 

getting up is also important for the rest of the day. If you are mentally convinced that you 

did not sleep well, it can have an effect on the functioning of the rest of the day, even though 

objectively seen you slept well (Harvey et al., 2008). Furthermore, another large category 

in our analysis was ‘before bed state’. A person may be sleeping differently from normal, 

due to e.g. a worry about a private matter, but his or her sleep can still fall within the normal 

sleep quality range. On the other hand, an indication of dysfunctional beliefs about one's 

sleep may be a first sign of developing Insomnia (Watts, East, & Coyle, 1995; Yang, Hung, & 

Lee, 2014), which will be more visible when someone is asked about the whole sleep 

experience.   

 

As the perception of sleep is not always related to the actual sleep, this can be the reason 

why until now low correlations between objective and subjective sleep measurements were 

found (Åkerstedt, Hume, Minors, & Waterhouse, 1997; O’Donnell et al., 2009; Riedel & 

Lichstein, 1998; Westerlund, Lagerros, Kecklund, Axelsson, & Åkerstedt, 2016). For sleep 

monitoring devices or sleep coaching apps this is important to consider, as sometimes the 

data contrasts with what people feel. Additionally, this can mean that the data that is shown 

by the app or device should be interpreted with caution. Background information on, for 

instance, why people could not fall asleep immediately should be incorporated. Moreover, 

when giving sleep therapy, it may be that some patients do not have the feeling that the 

therapy helps, as their sleep is more related to other factors than the actual sleep itself. 

Finally, for research purposes, researchers should keep in mind that they may miss out on 

information, as not all the appropriate facets of subjective sleep experience are queried by 

each questionnaire that proclaims to assess subjective sleep quality.  

 

With regard to the current findings, several limitations should be acknowledged. While the 

use of a sentence completion questionnaire allowed us to obtain an understanding of the 

intuitive sleep concepts of lay people, the questions of the SSCQ were guided questions as 

they asked about specific facets of sleep. If we had formulated the questions more openly 



88 

the risk would have arisen that not every aspect of sleep was covered, as the pitfall emerges 

of repeating oneself. With the SSCQ we were able to capture the whole picture of 

participants’ perspectives about sleep.  We tried to reduce the experimenter bias as much 

as possible through calculating the interrater reliability. Moreover, since our study sample 

consisted of Dutch participants the results may not be culturally generalizable to other 

countries. Finally, because the research was done online, participants could not ask 

questions if the instructions were not clear. However, on the other hand, assessing the SSCQ 

online reduced the experimenter bias and potential influence.   

 

This study was conducted with a balanced (equally divided in gender and across the life span 

(>18) study sample consisting of 64 persons. A phenomenological approach was used to 

analyze the qualitative data to capture the participant perspective and what they report as 

their sleep experience.  A suggestion for future research would be to investigate whether 

there are differences in sleep experience for men and women. Previous research found 

gender differences between daytime sleepiness and total sleep time (Lee, Mcenany, & 

Weekes, 1999; Reyner, Horne, & Reyner, 1995), but  Voderholzer et al. (2003) did not find 

gender differences in objective and subjective sleep measurements. To gain a better 

understanding of subjective sleep quality, a new validated sleep quality questionnaire 

should be developed, that covers the whole range of sleep experience. Finally, an option is 

to investigate with the SSCQ the sleep conceptions of insomnia patients as previous 

research found differences in judging sleep quality between normal sleepers and insomnia 

patients (Harvey, Stinson, Whitaker, Moskovitz, & Virk, 2008; Means, Edinger, Glenn, & Fins, 

2003).   

 

Conclusion 

The major facets of sleep experience of lay people were ‘daytime functioning’, 

‘interruptions during the night’ and ‘before bed state’. This implies that the experienced 

sleep quality is not only depending on the progress of the night. The sleep quality definition 

should, from a subjective point of view, be elaborated with other factors, such as 

stress/well-being levels, feeling of being rested and functioning during the day. These 

results can guide future research to provide suitable psychometric measures for normal 

sleepers. In addition, with the emerging trend of consumer activity trackers the above 

results could provide guidance in the design of the feedback towards the users. Sleep 

trackers could provide more qualitative feedback and advice on the different dimensions 

we found in our study instead of only presenting the quantitative measures. For instance,  

how to reduce the stress before going to bed.    
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Abstract 

A clear understanding of which objective variables are predictive of the subjective sleep 

experience, and furthermore, which of the subjective sleep variables are an adequate 

representation of the sleep quality score are missing in the research field and clinical 

practice. This may lead to not identifying possible sleep problems or to people feeling 

misunderstood when their problem is not confirmed by objective measurements. Data from 

the SIESTA database were used, which consists of two consecutive nights of 

polysomnography and includes subjective data of 156 healthy persons and 95 patients (age 

range 20 - 95). Among other things, the strongest significant correlations were found when 

the difference between nights was taken, for instance, between the subscore ‘Sleep Quality’ 

of the Subjective sleep and awakening questionnaire (SSA-1) and total sleep time (r = .423, 

p <.001). For the mental disorder group stronger correlations were observed between the 

absolute sleep measurements of night 1 and SSA-1 (wake time after sleep onset: r = .732, p 

= <.001). The subscore ‘Sleep Quality’ was sufficient as a representative for the subjective 

sleep quality score. Intra-individual variability plays a role and to enhance the insight, more 

nights are needed to investigate the association between subjective sleep quality and 

objective sleep measurements.   
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Introduction 
 

It has been frequently shown in both healthy individuals and people suffering from mental 

and somatic diseases that objective sleep measurements are, at best, weakly to moderately 

correlated with subjective sleep quality ratings (Åkerstedt, Hume, Minors, & Waterhouse, 

1994a, 1997; Armitage, Trivedi, Hoffmann, & Rush, 1997; O’Donnell et al., 2009; Riedel & 

Lichstein, 1998; Rosipal, Lewandowski, & Dorffner, 2013; Rotenberg, Indursky, Kayumov, 

Sirota, & Melamed, 2000). This may lead on the one hand to people not identifying a 

possible sleep problem subjectively in the case of an absence of an objective sleep 

measurement. On the other hand, this may lead to people who subjectively report having 

a sleep problem becoming frustrated and distressed as their problem is not objectively 

observed. 

 

A reason for not finding high correlations between objective and subjective sleep measures 

may be that the majority of previous studies are cross-sectional and thus do not capture the 

variations between nights within individuals (Argyropoulos et al., 2003a; O’Donnell et al., 

2009; Riedel & Lichstein, 1998; Westerlund, Lagerros, Kecklund, Axelsson, & Åkerstedt, 

2016). For instance, O’Donnell et al. (2009) found only an association between subjective 

sleep quality and light sleep, but not with total sleep time, wake time after sleep onset or 

sleep onset latency. In contrast, Åkerstedt et al. (1997) have not found an association 

between subjective sleep quality and light sleep but observed a correlation between deep 

sleep and total sleep time. They also did not find a correlation between subjective sleep 

quality and sleep efficiency or wake time after sleep onset. In another study of Åkerstedt et 

al. (1994a) a correlation was observed between subjective sleep quality and sleep efficiency 

but subjective sleep quality was not related to the sleep stages. Overall, higher correlations 

have been found with irregular sleep schedules for subjective evaluation of sleep. For 

instance, when participants were allowed to sleep for 6 hours and a 1-hour nap subjective 

ratings of sleep quality were more strongly associated with objective sleep parameters than 

when they were allowed to have 8 nocturnal hours straight (Åkerstedt et al., 1994a, 1997; 

O’Donnell et al., 2009).  

 

Higher correlations between objective and subjective measures were found in Lewandowski 

et al. (2012) and Rosipal et al. (2013). Both studies used objective measures derived from a 

probabilistic sleep model mainly focusing on microstructure elements of sleep. Although 

both studies provide a valuable new approach of continuous sleep representation, current 

clinical practice still focuses on conventional Rechtschaffen & Kales scoring (Rechtschaffen 

& Kales, 1968) or its updated version (Iber, Ancoli-Israel, Chesson, Quan, & others, 2007). 

In addition and contrasting to the aforementioned studies, the present study has a primary 

interest in night to night variations in sleep parameters.  
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As far as we know only Riedel and Lichstein (1998) and Saletu et al. (2005) tried to predict 

subjective sleep quality based on the difference between objective sleep measurements for 

two consecutive nights. Riedel and Lichstein (1998) investigated the relationship between 

objective and subjective sleep ratings in insomniacs by subtracting the PSG measures of the 

first night from those of the second night and conducted a linear regression analysis to 

predict the subjective sleep satisfaction of the second night. Depth of sleep and sleep 

latency were found to correlate moderately with subjective sleep satisfaction of the second 

night. The results were found in a specific subsample of older individuals suffering from 

insomnia, i.e. without somatic or psychiatric comorbidities. Rosipal et al. (2013) conducted 

analyses using the SIESTA dataset which is also used in the present study and found that 

sleep efficiency correlated most with scores on a self-rating questionnaire for sleep and 

awakening quality. However, it was not revealed whether specific subscores of the 

questionnaire correlated with objective sleep parameters and whether per night 

correlations were investigated as well. Moreover, correlations of day-to-day changes 

between subjective and objective sleep in different patient populations appeared not to be 

examined.  

 

A limited number of studies have examined the relationship between objective and 

subjective sleep measurements in patient populations, leading to divergent outcomes. For 

example, Armitage et al. (1997) did not find correlations between subjective sleep quality 

and sleep efficiency, wake time after sleep onset, light sleep, deep sleep or sleep onset 

latency in depressed patients, Another study found only a positive correlation between slow 

wave sleep (SWS) and the subjective estimation of sleep duration in depressed patients 

(Rotenberg et al., 2000). A subjective sleep quality rating was not included in the study. 

 

Another reason why objective measurements until now have not been found to correlate 

highly with subjective sleep quality may be due to the versatile use of the term sleep quality, 

as discussed by Krystal and Edinger (2008). One conclusion the authors postulated is: ‘the 

term ‘sleep quality’ is not a result of the amount or distribution of sleep and wakefulness 

but rather a result of variations in the experience of sleep itself’. Some studies make a 

distinction between sleep quality and sleep duration, others take sleep duration as part of 

the subjective sleep quality. Moreover, some questionnaires ask about awakening quality, 

such as being refreshed, as part of the overall sleep quality index, others take these as two 

different subscores. Additionally, there is no standardized questionnaire available to assess 

subjective sleep quality. The sleep quality indices used differ in the number of questions. 

When an unambiguous term of sleep quality is operationalized (objectively as well as 

subjectively) it will benefit future research as each study can utilize the same term and 

definition.   
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The aim of the present study was to explore variations in the approach to analyzing the 

relationship between objective and subjective measures of sleep quality in order to gain 

more insight into the aforementioned relationship. We expect that variations between 

nights of objective and subjective sleep measurements may explain a greater extent of the 

relationship between objective sleep variables and perceived sleep quality. Moreover this 

is the first study that also conducted such a comparison in various patient samples. In 

addition, with this exploratory study we want to contribute to the existing literature to 

examine with a large study sample whether a better relationship is found when using the 

total score, a subscore or a single question of a sleep quality questionnaire as representative 

of the subjective sleep quality.  

 

Participants and Methods 
 

To determine the association between subjective and objective sleep measurements data 

from the Siesta project were used (Klösch et al., 2001). In this data set two nights of 

polysomnography (PSG) measures were collected that we could use for valid objective sleep 

measures. For that reason, it was considered more efficient to re-use the Siesta data set 

rather than collect new data. The now completed Siesta project aimed to “conduct 

extensive research on the development and evaluation of advanced methods for sleep 

analysis and creating a normative database of healthy and sleep-disturbed patients” (Klösch 

et al., 2001). The Siesta project was supported by the European Commission and was carried 

out in several countries around Europe. In short, at the beginning of the study participants 

signed an informed consent form and did an entrance examination, which consisted of a 

physical examination and a medical screening. For two weeks participants wore a wrist 

actigraph device and went to a sleep laboratory for two consecutive nights (night 7 and 

night 8 of wearing the actigraph device) during which PSG were acquired. During the two 

nights in the sleep laboratory, an evening and a morning protocol were implemented which 

included neuropsychological tests and questionnaires asking about their daily events and 

sleeping habits. For the whole study period, participants filled out a subjective sleep and 

awakening quality questionnaire each morning respectively. This paper focuses solely on 

the two consecutive nights in the sleep laboratory, and here refers to them as night 1 and 

night 2.  

   

Measurements 

For this study the Subjective Sleep and Awakening questionnaire (SSA) was used to 

determine the subjective sleep quality every morning (Saletu, Wessely, Grünberger, & 

Schultes, 1987). The SSA consists of 27 questions, divided into three parts: Sleep Quality 

(SSA-1), Awakening Quality (SSA-2), Somatic Complaints (SSA-3) (Table 5.1). The question 

‘Did you sleep well?’ (part of the Sleep Quality sub score), was also used in the analysis, 
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referred to as ‘sleep well’.  A total score can be calculated from the three parts, but a sub 

score of each part separately can be calculated as well. The total score ranges between 20 

and 80, and higher scores indicate worse sleep quality.  

 

For applying the polysomnography (PSG), 16 EEG channels were used (Fp1, Fp2, O1, O2, O3, 

C4, C3, Fz, Cz, Pz, F3, P3, T3, F4, P4, T4), see for the location of the electrodes on the scalp 

Figure 5.11. In addition, EOG, EMG and ECG were attached at the appropriate places. The 

polygraphic recording started at the normal bedtimes of the participants and they wore the 

PSG until the time they would normally wake up. The PSG recordings were analyzed in 30-s 

epochs based on standardized criteria (Rechtschaffen & Kales, 1968). The following 

parameters were derived from the polysomnography: time in bed (TIB), total sleep time 

(TST), sleep efficiency (SE) (in percentages), sleep onset latency, (SOL), wake time after sleep 

onset (WASO), total wake time (TWT), number of awakenings (NAW), total time in sleep 

stage 1/ stage 2/ stage 3/ stage 4/ REM/ slow wave sleep (Stage 1) (Stage 2) (Stage 3) (Stage 

4) (REM) (SWS), all reported in minutes unless stated otherwise. 

 

 
 

Figure 5.1. Location of the EEG channels on the head.  

 

 

                                                           
1 The EEG electrodes are placed on the scalp according to the 10 - 20 system, an internationally recognized 
method. This 10 - 20 system is based on the link between the location of an electrode and the underlying area of 
the cerebral cortex. Each site has a letter to identify the lobe and a number to classify the hemisphere location. 
The letters F, T P and O represent the frontal, temporal, parietal and occipital lobes, respectively. The C refers to 
the location central. The even numbers stand for the right hemisphere and the odds numbers for the left 
hemisphere.      
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Table 5.1 

Subjective Sleep and Awakening Quality Questionnaire 

Sleep quality SSA-1 Awakening quality SSA-2 Somatic complaints SSA-3 

1. Did you sleep well? 
2. Did you have deep 

sleep? 
3. Did you have difficulties 

in falling asleep? 
4. Did you have difficulties 

in staying asleep? 
5. Did you have bad 

dreams? 
6. Did you have difficulties 

getting back to sleep? 
7. Did you wake up earlier 

than usual? 

8.  Did you feel giddy after 
awakening? 

9.  Did you feel disorientated? 
10. Did you feel tired? 

11. Were you in a good mood? 
12. Did you feel interested in 

your surroundings? 
13. Did you feel slowed down? 
14. Was your attention / 

concentration reduced? 
15. Did you feel refreshed and 

rested? 

16. Any nausea after 
awakening? 

17. Any headache? 
18. Dryness of your mouth? 
19. Any dizziness? 
20. In coordination of 

movements? 

 
Participants 

Our analysis was based on data of 156 healthy participants, 14 Parkinson patients, 18 

General Anxiety Disorder, 8 with Depressive Disorder, 5 Periodic limb Movement Disorder 

and 50 Sleep Apnea patients. For analysis purposes, a mental disorder group was created 

consisting of the General Anxiety Disorder and the Depressive Disorder patients (N = 26) 

and a somatic disorder group was made including the Periodic limb Movement Disorder, 

Sleep Apnea and Parkinson patients (N = 69) (All patients: N = 95).  The healthy control 

group was created based on the following inclusion criteria: not diagnosed with a medical 

disorder interfering with the aim of the study, a Mini Mental State Examination score  ≥ 25 

(Folstein, Folstein, & McHugh, 1975), a Self-Rating Anxiety Scale score  < 33 (Zung, 1971), a 

Self-Rating Depression Scale score  < 35 (Zung, 1965), a Pittsburgh Sleep Quality Index global 

score  ≤ 5 (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989) and with normal regularity 

bedtimes (no shift workers). Based on the International Statistical Classification of Diseases 

and Related Health Problems (ICD-10) (World Health Organization) a classification of the 

patient groups was made.  

 

Statistical analyses 

The following main hypothesis was formulated: the association between objective sleep 

parameters and subjective sleep quality score is enhanced when the difference between 

two nights of measurements is applied compared to taking the measurements of a single 

night. In addition, we expect that this relationship is also visible in other patient populations 

as the previous night influences the present night greatly. On an explanatory note, we 



100 

investigated whether asking only a single question, the sub score or the overall sleep quality 

score is strongest related to the objective sleep measurements.  

 

Before conducting correlation analyses the data were checked for violations of the 

assumptions of this statistical method. The analyses were performed on persons with data 

on the subjective side as well as on the objective side; leaving a total of 158 healthy controls 

and 96 patients. However, two subjects (one healthy control and one Parkinson patient) 

were excluded because of very low total sleep time (less than 84 minutes) on one of the 

PSG nights. Analyses were carried out on the remaining 157 healthy persons and 95 

patients. Since not every variable in this dataset was normally distributed Spearman 

correlations were calculated.  

 

The variables that represent the difference between the nights were computed. This was 

done by extracting the sleep parameters of night 1 from night 2, for example, wake after 

sleep onset night 2 – wake time after sleep onset night 1 = wake time after sleep onset_ 

difference. Differences were also calculated for the sleep quality sub score (SSA-1) of the 

SSA questionnaire and its total score, as well as, the single question ‘Did you sleep well?’. 

These variables were taken as indices of the subjective sleep quality.  Because of the 

considered large number of correlations, the Bonferroni correction was applied, as such 

reported associations were significant at a 2-tailed p-value of ≤ .001.  

 

Results 
 

Healthy controls 

The characteristics of the healthy controls are listed in Table 5.2. The percentage of men 

and women was equally divided and the average age in this study population was 52 years 

(SD = 9.7). Participants slept an average of 6 hours and 2 minutes (SD = 1 hr 5 min) on the 

first night and an average of 6 hours and 37 minutes (SD = 49 min) on the second night. 26% 

of the healthy controls indicated they had not slept well or slept only slightly well during 

the first night of sleep and for the second night 10% of the healthy controls did not sleep 

(slightly) well, based on the single question ‘how well did you sleep’. A paired-sample t-test 

was conducted to determine whether there were significant differences between the two 

nights. A significant increase in the mean sleep efficiency (SE) of the second night compared 

to the mean of the first night was found (t (156) = -7.202, p <.001). Similarly, the subjective 

Sleep Quality (SSA-1) was significantly lower after the second night than after the first night 

(t (156) = -4.544, p <.001).  

 

 

 



101 

Patients 

In table 5.2, the characteristics of the patient sample are displayed. The percentage of 

women is lower in this sample as compared to the healthy controls. However, the average 

age of 52 years is identical. The total sleep time during the first night was 6 hours and the 

total amount of sleep time during the second night was 6 hours and 36 minutes. 68% 

reported they did not sleep well or slept slightly well during the first night and 33% of the 

patients indicated they had not slept well or slightly well on the second night. This was also 

confirmed by the paired-sample t-test where the sleep efficiency was lower after the first 

night than after the second night. Also, the subjective Sleep Quality score was higher after 

the first night as compared to the second night (Sleep Efficiency (t (95) = -.5.108, p <.001) 

and Sleep Quality (t (95) = 4.390, p <.001)).  

 

Correlations healthy controls 

 

First night 

Significant correlations were found between total sleep time (TST), wake time after sleep 

onset (WASO), sleep efficiency (SE), number of awakenings (NAW), Rapid Eye Movement 

stage (REM), Stage 2 and total wake time (TWT) and SSA-1 (Table 5.3). This means, that for 

instance, less minutes spent in REM is associated with an increase in the SSA-1 (SSA-1 with 

REM r = -.33, p <.001). Around the same level of correlations were found between SSA total 

score and objective sleep parameters. Moreover, slightly less high correlations were 

observed with the sleep well question and TST, WASO, TWT and REM.  

 

Second night 

The lowest correlations were found when taking the absolute parameters of the second 

night between WASO, SE and TWT and total score of the SSA (Table 5.4). However, a 

stronger significant correlation was observed between NAW and SSA-1 of the second night 

(r = .32, p <.001) in comparison to the association between NAW and SSA-1 of the first night 

(r= .27, p = .001). 

 

Differences between nights 

The highest correlations were found when taking the difference of the nights: Subjective 

Sleep Quality (SSA-1) with TWT (r = .42, p <.001) and Subjective Sleep Quality (SSA-1) with 

SE (r = .42, p <.001) (Table 5.5). Moreover, significant correlations were found between 

∆TST, ∆WASO, and the ∆total score of the SSA (Table 5.5).  
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Overall, higher correlations were observed between the Sleep Quality subscore (SSA-1) with 

objective sleep measures (Table 5.3, 5.4, 5.5). Additionally, the question: ‘Did you sleep 

well?’  correlated with some of the absolute objective sleep parameters and with some of 

the delta objective sleep measures, although fewer and weaker correlations were found as 

compared to the SSA-1. The total score of the SSA had stronger correlations with the 

absolute parameters of the two nights than with the parameters of the difference between 

nights.   

 

There were no correlations observed between awakening quality (SSA-2) and the absolute 

objective sleep measures from night 1 and night 2. Somatic complaints sub score (SSA-3) 

was associated with TST, WASO, SE, TWT and Stage 2 with an r ranging from .29 till .34 based 

on night 1. Fewer correlations were found between SSA-3 and the objective sleep 

measurements of night 2 (SE: r = -.288, p <.001; WASO: r = .327, p <.001); TWT: r = .306, p 

<.001).   

 

Table 5.3 

 

The association between objective and subjective sleep parameters based on the first night 

for healthy controls.   

 Sleep well SSA-1 SSA total score 

 R P R P R P 

TIB    .03     .74   .05      .51   .02     .77 
TST     -.31 <.001  -.32      <.001  -.34 <.001 
SE    -.32 <.001  -.36  <.001  -.37 <.001 
WASO     .30 <.001   .41  <.001   .41 <.001 
SOL    .09     .29   .04      .60   .01     .91 
NAW    .15     .06   .27    .001   .22     .006* 
TWT    .32 <.001   .36  <.001   .36 <.001 
Stage 1   -.07     .40   .04      .60   .04    .64 
Stage 2   -.21     .008*  -.24      .003*  -.29 <.001 
Stage 3   -.18     .03  -.15      .06  -.13     .10 
Stage 4   -.02     .84  -.04      .60  -.03     .76 
REM   -.28 <.001  -.33  <.001  -.28 <.001 
SWS    -.08     .35  -.08      .32  -.05     .51 

Note. Sleep well = SSA question: ‘Did you sleep well?’. SSA-1 = subjective sleep quality sub 
score. Significant p-values are shown in bold. *: correlations that are significant but between 
˃.001 and ≤ .01.   
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Table 5.4 

 

The association between objective and subjective sleep parameters based on the second 

night for healthy controls  

 

 Sleep well SSA-1 SSA total score 

 R P R P R P 

TIB   .18     .03  .06     .47   .06     .49 
TST   -.08     .31 -.28 <.001  -.25     .002* 
SE  -.21     .009* -.34 <.001  -.29 <.001 
WASO    .23     .005*  .34 <.001   .33 <.001 
SOL   .05     .51  .14     .08   .05    .50 
NAW   .28 <.001  .32 <.001   .29 <.001 
TWT   .22    .006*  .35 <.001   .30 <.001 
Stage 1  .004    .96  .09     .28   .09    .26 
Stage 2   .05    .57 -.15     .06  -.14    .07 
Stage 3  -.09    .25 -.03     .68  -.01    .92 
Stage 4  -.05    .52 -.03     .69  -.04    .59 
REM  -.05    .57 -.19     .02  -.17    .03 
SWS   -.09    .25 -.05     .51  -.04    .61 

Note. Sleep well = SSA question: ‘Did you sleep well?’. SSA-1 = subjective sleep quality sub score.  
Significant p-values are shown in bold. *: correlations that are significant but between ˃.001 and 
≤ .01.   

 

Correlations patients groups 

Table 5.6 displays the associations between the objective sleep parameters and subjective 

Sleep Quality subscore for various patient groups. The highest correlations were also 

observed between the difference of the nights of the objective sleep measurements and 

the subjective Sleep Quality subscore, except for the mental disorder group. For the mental 

disorder group higher correlations were observed using the absolute parameters of the 

separate nights: for example, WASO with SSA-1, night 1, r = .732, p <.001 and REM, night 2, 

r= .525, P <.001. In the overall patient group, a correlation was observed between stage 2 

and the Sleep Quality (SSA-1) (r = -.390, p <.001). For the somatic disorder group, overall 

high correlations were found between, total sleep time, time in bed, sleep efficiency, wake 

time after sleep onset and total wake time and Sleep Quality (SSA-1) when taking the 

difference between the nights (Table 5.6). 
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Table 5.5  

 

The association between objective and subjective sleep parameters of the difference 

between the nights for healthy controls.  

 

 ∆Sleep well ∆SSA-1 ∆SSA total score 

 R P R P R P 

∆TIB .16    .04  .14     .08  .18     .03 
∆TST  -.21    .009* -.28   .001 -.22     .007* 
∆SE -.31 <.001 -.42 <.001 -.35 <.001 
∆WASO  .24     .003*  .34    <.001  .29 <.001 
∆SOL .11    .16  .13    .10  .13     .12 
∆NAW .11    .16  .21    .010*  .18     .03 
∆TWT .32 <.001  .42 <.001  .37 <.001 
∆Stage 1 .05    .51  .10    .20  .13    .11 
∆Stage 2 -.10    .21 -.25    .002* -.19    .02 
∆Stage 3 -.05    .52 -.05    .51 -.11    .19 
∆Stage 4 -.15    .07 -.09    .25 -.10    .22 
∆REM -.28  .001 -.23    .003* -.19   .019 
∆SWS  -.11    .18 -.08    .32 -.11    .19 

Note. Sleep well = SSA question: ‘Did you sleep well?’. SSA-1 = subjective sleep quality  
sub score. Significant p-values are shown in bold. *: correlations that are significant but  
between ˃.001 and ≤ .01. 
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Table 5.6 

 

The association between objective and subjective sleep quality (SSA-1) with the difference 

between the nights, displayed for all patients and various patient groups 

  

Sleep 
parameters 

All patients (N = 
95) 

Mental 
disorder group 
(N = 26) 

Somatic disorder 
group (N = 69) 

   R    P    R    P    R       P 

∆TST -.47 <.001  -.28   .17  -.51   <.001 
∆TIB  .25     .02  -.07   .74   .44   <.001 
∆SE -.54 <.001  -.33   .10  -.60    <.001 
∆WASO  .47 <.001   .33   .10   .50   <.001 
∆TWT  .54 <.001   .34   .09   .61   <.001 
∆SOL  .36 <.001   .31   .12   .38    .001 
∆NAW  .24     .02   .17   .42   .26      .030 
∆Stage 1 -.03     .80   .15   .46  -.05      .692 
∆Stage 2 -.39 <.001  -.52 .007*  -.32      .007* 
∆Stage 3 -.03     .79  -.01   .97  -.04      .766 
∆Stage 4 -.05     .65   .08   .70  -.01      .437 
∆REM -.21     .04  -.18   .38  -.19      .119 
∆SWS -.04     .71  -.07   .75  -.05      .667 

Note. Significant p-values are shown in bold. *: correlations that are significant 

 

In order to determine whether stronger correlations between objective and subjective 

sleep measures were due to higher stability of a sleep measure (irrespective of objectivity 

or subjectivity) across nights, the standard deviations of the variable TWT and the Sleep 

Quality, and the correlations of TWT and Sleep Quality are compared and displayed in Table 

5.7. Notably, the standard deviation (SD) of TWT night 2 was lower than the SD of TWT in 

night 1 or in the difference between the nights in almost all groups. Additionally, the SD of 

the Sleep Quality variable was the lowest in night 2 for the healthy controls and the somatic 

disorder group. In the mental disorder group, the standard deviations of Sleep Quality were 

a lot closer to each other and the SD of the Sleep Quality of night 2 was the largest.         
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Table 5.7 

 

Displayed are the standard deviations and the zero-order correlations of the variables SSA-

1 and TWT for each study population and each method separately.  

 

 Healthy 
controls 

All patients Mental 
disorder 
group 

Somatic 
disorder group  

Night 1     

SD SSA-1   3.97   4.87   5.54   4.42 

SD TWT   60.4 71.52 78.96   69.1 

    r =      .36     .34    .50     .26 

Night 2     

SD SSA-1   3.21     5.1     6.1   4.16 

SD TWT 45.61 51.64 50.15 52.49 

    r =       .35     .33     .41     .27 

Difference 
between nights 

    

SD SSA-1   4.23   4.94     5.7   4.61 

SD TWT 57.13 60.29 54.42 62.73 

   r =      .42     .55   .40 n.s.     .61 

Note. SSA-1 = subjective sleep quality sub score. TWT = total wake time. SD = standard  
deviation. r = correlation coefficient.  n.s. = not significant.  

 

Discussion 
 

This is the first study that investigated the association between objective sleep 

measurements and subjective sleep quality, by exploring different methods (e.g. delta 

between nights vs one night and different sub scores of subjective sleep quality) to assess 

the aforementioned association comparing various patient samples, as this has not been 

done before. In most of the study samples moderate to high correlations were found when 

taking the difference between nights. For healthy controls, the correlations of the first night 

were almost identical to the correlations of the difference between nights. However, for 

the somatic disorder group the correlations of the absolute measurements of each night 

separately were distinctly lower than the correlations of the difference between nights. On 

the contrary, for the mental disorder group higher correlations were found with the 

absolute measurements of the nights.  
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This difference in findings between the healthy controls and the two patients groups led us 

to examine whether the results were due to a larger variation in some of the variables. 

There was clearly a link between the height of the standard deviation of the variables and 

the height of the correlation found between the variables. This is in line with Krystal and 

Edinger (2008), who noted that the variation between nights is indicative of the sleep 

quality. Instead of seeing it as a linear relationship, maybe the association between 

objective and subjective sleep parameters is only shown when the most extreme values are 

present.  For example, with sleep duration, only a short or long sleep duration correlates 

well with subjective sleep quality. Moreover, this could mean that regularity measures such 

as standard deviation are better predictors of the subjective sleep experience. This should 

be better investigated in longitudinal studies.  

 

However, in the somatic disorder group, low correlations were observed in the first night, 

regardless of the first night effect. This is probably due to a high standard deviation in the 

objective sleep measurements but a relatively small standard deviation on the subjective 

measurement, meaning that the ratings by the participants were not that distinctive 

regardless of the large differences in the objective measurements, resulting in a low 

correlation. In contrast, the mental disorder group had high correlations in the absolute 

measures of the nights, indicating that probably those persons rated accurately how they 

have slept, making the analysis of the difference between nights less meaningful. 

Alternatively, the results may also be due to the small sample size of the mental disorder 

group (N = 26).  

 

It appeared that, variables that represent sleep continuity, for example, wake time and 

sleep efficiency, also correlated the strongest with the subjective sleep quality sub score. 

This is in line with Åkerstedt et al. (1997). Events that happen during the night and that 

people remember the next morning, contribute the most to their assessment of their 

subjective sleep experience. For instance, when a higher delta between the scores of total 

wake time of the nights was observed, also a larger difference between the subjective sleep 

quality scores was found. In other words, the range of the difference in the objective sleep 

variables was around the same as the range of difference in the subjective sleep quality for 

most healthy participants. Regarding the sleep stages, Stage 2 and REM had the strongest 

association with the subjective sleep quality sub score, but to a lesser extent as compared 

to the sleep continuity variables in the healthy controls. These findings are in line with 

previous research (O’Donnell et al., 2009; Bernd Saletu, 1975).  

 

Lastly, the association was best shown when using the subjective sleep quality sub score 

instead of the total score of the SSA. When analyzing the association with the single 

question ‘Did you sleep well?’ the correlations were less strong. This means that a couple 
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of questions about last night are necessary as a representative for the subjective sleep 

quality score. In our study these included the following themes; general rating of sleep 

quality, falling and staying asleep, the amount of deep sleep, ease of getting back to sleep 

and early awakening. Åkerstedt et al. (1994b) found similar outcomes and made a sleep 

quality index based on rating the following items: sleep quality, calm sleep, ease of falling 

asleep and ability to sleep throughout the time allotted. Harvey et al. (2008) also examined 

the subjective sleep quality, but among individuals with and without insomnia and did not 

include PSG measurements of sleep. They used as a method an interview and “speak freely’” 

procedure. The normal sleepers rated the following five questions as the most important 

factors for judging sleep quality: whether you get enough sleep, how tired you feel 

throughout the day, how rested you feel when waking up, feeling restored on waking and 

feeling alert throughout the day. In our present study, the correlations between awakening 

quality (SSA-2) and the objective measures were lower than the correlations with sleep 

quality (SSA-1).  

 

Arguably in depressed patients, sleep disturbances can consist of both biological and 

cognitive elements (Argyropoulos et al., 2003b; Lee et al., 1993). This means that 

improvements in the subjective sleep quality may represent changes in their general way 

of thinking, improved by, for example, cognitive behavioral therapy for treating their 

depression. This change in subjective sleep quality may be found regardless of 

enhancements in PSG measurements or biological changes. It appears that subjective and 

objective measurements may demonstrate two different processes and not be directly 

related (Argyropoulos et al., 2003b). However, with regards to normal sleepers, one need 

to be cognizant that when answering, for example, the question: ‘How well did you sleep?’, 

individual interpretations and various frames of reference are used. At the same time, 

errors and malfunctions on the objective side cause noise in the aforementioned 

association.   

 

This is one of a few studies that investigated the association between objective and 

subjective sleep measurements in a large study sample. The outcomes for healthy sleepers 

in this study were also compared to different patient groups. Additionally, two nights of PSG 

were obtained, as normally with such large study samples only actigraphy is used. A 

limitation of the study is that the two nights of PSG were executed in the laboratory. Ideally, 

testing should be done at home to have more representative ‘normal’ nights. As is 

previously mentioned, more nights are required to reveal the variations between nights. In 

this study, there is a ‘first-night effect’ since significant differences were found between the 

objective and subjective sleep measurements, which may interfere with the results. 

However, due to the ‘first-night effect’, we were able to show that taking the difference 

between the nights of the measurements is more informative than the absolute measures 
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of each night separately. People will experience throughout their life good and bad nights 

of sleep. Recently studies with a longitudinal design investigated various relationships 

between objective sleep measurements and sleepiness, sleep quality and stress (Torbjörn 

Åkerstedt et al., 2012; Torbjörn Åkerstedt, Axelsson, Lekander, Orsini, & Kecklund, 2013; 

Doane & Thurston, 2014; Garde, Albertsen, Persson, Hansen, & Rugulies, 2012). Åkerstedt 

et al. (2012) investigated the relationship between objective sleep measurements, stress 

and subjective sleep quality. They found that stress at bedtime was the main factor that 

predicted the subjective sleep quality the next morning. Still, these studies did not examine 

the relationship between objective and subjective sleep quality specifically and did not take 

into account the variation on a subjective sleep quality level. Another limitation of the 

current study is that other parameters that might influence sleep were not taken into 

account, such as e.g. exercise, caffeine intake and stress (Hall et al., 2004; Roehrs & Roth, 

2008; Youngstedt, 2005). Machine learning- or multi-model comparisons techniques could 

be used to analyze this dataset. Using these techniques will lead to more general insights 

and perspectives about the contributing factors that lead to a judgement about perceived 

sleep quality. Also, this dataset could be used as a training set for developing algorithms for 

future predictions of perceived sleep quality.  

 

Conclusions 

 This study was the first study to explore the association between objective and subjective 

sleep measurements taking into account the difference between nights in normal sleepers 

and various patient samples. A stronger association was evident when conducting the 

analyses with the delta of two nights. This result shows that when examining multiple nights 

this could result in more insight in the subjective sleep experience. As a consequence, more 

longitudinal studies should be performed to collect data that is more suitable for these kinds 

of purposes. The enhanced correlation in the analysis with the difference between 

measurements of the two nights was also observed in the mental disease population but 

not for the somatic disorder group. In addition, it was concluded that a standardized and 

well accepted subjective sleep quality index is necessary that should contain questions 

around continuity and deepness of sleep, and an overall sleep quality rating, to improve the 

current assessment of subjective sleep quality. Intra-individual variability plays a role and 

to enhance the insight, more nights are needed to investigate the association between 

subjective sleep quality and objective sleep measurements.  

 

 

 



111 

References 

Åkerstedt, T., Axelsson, J., Lekander, M., Orsini, N., & Kecklund, G. (2013). The daily variation in 

sleepiness and its relation to the preceding sleep episode—a prospective study across 

42 days of normal living. Journal of Sleep Research, 22(3), 258–265. 

https://doi.org/10.1111/jsr.12014 

Åkerstedt, T., Hume, K., Minors, D., & Waterhouse, J. (1994a). The meaning of good sleep: a 

longitudinal study of polysomnography and subjective sleep quality. Journal of Sleep 

Research, 3(3), 152–158. https://doi.org/10.1111/j.1365-2869.1994.tb00122.x 

Åkerstedt, T., Hume, K., Minors, D., & Waterhouse, J. (1994b). The Subjective Meaning of Good 

Sleep, An Intraindividual Approach Using The Karolinska Sleep Diary. Perceptual and Motor 

Skills, 79(1), 287–296. https://doi.org/10.2466/pms.1994.79.1.287 

Åkerstedt, T., Hume, K., Minors, D., & Waterhouse, J. (1997). Good sleep — its timing and 

physiological sleep characteristics. Journal of Sleep Research, 6(4), 221–229. 

https://doi.org/10.1111/j.1365-2869.1997.00221.x 

Åkerstedt, T., Orsini, N., Petersen, H., Axelsson, J., Lekander, M., & Kecklund, G. (2012). Predicting 

sleep quality from stress and prior sleep – A study of day-to-day covariation across 

six weeks. Sleep Medicine, 13(6), 674–679. https://doi.org/10.1016/j.sleep.2011.12.013 

Argyropoulos, S. V., Hicks, J. A., Nash, J. R., Bell, C. J., Rich, A. S., Nutt, D. J., & Wilson, S. J. (2003a). 

Correlation of subjective and objective sleep measurements at different stages of the 

treatment of depression. Psychiatry Research, 120(2), 179–190. 

Argyropoulos, S. V., Hicks, J. A., Nash, J. R., Bell, C. J., Rich, A. S., Nutt, D. J., & Wilson, S. J. (2003b). 

Correlation of subjective and objective sleep measurements at different stages of the 

treatment of depression. Psychiatry Research, 120(2), 179–190. 

https://doi.org/10.1016/S0165-1781(03)00187-2 

Armitage, R., Trivedi, M., Hoffmann, R., & Rush, A. J. (1997). Relationship between objective and 

subjective sleep measures in depressed patients and healthy controls. Depression and 

Anxiety, 5(2), 97–102. https://doi.org/10.1002/(SICI)1520-6394(1997)5:2<97::AID-

DA6>3.0.CO;2-2 

Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The Pittsburgh sleep 

quality index: A new instrument for psychiatric practice and research. Psychiatry Research, 

28(2), 193–213. https://doi.org/10.1016/0165-1781(89)90047-4 

Doane, L. D., & Thurston, E. C. (2014). Associations among sleep, daily experiences, and loneliness in 

adolescence: Evidence of moderating and bidirectional pathways. Journal of Adolescence, 

37(2), 145–154. https://doi.org/10.1016/j.adolescence.2013.11.009 

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). “Mini-mental state”: A practical method for 

grading the cognitive state of patients for the clinician. Journal of Psychiatric Research, 

12(3), 189–198. https://doi.org/10.1016/0022-3956(75)90026-6 

Garde, A. H., Albertsen, K., Persson, R., Hansen, Å. M., & Rugulies, R. (2012). Bi-Directional 

Associations Between Psychological Arousal, Cortisol, and Sleep. Behavioral Sleep 

Medicine, 10(1), 28–40. https://doi.org/10.1080/15402002.2012.636272 



112 

Hall, M., Vasko, R., Buysse, D., Ombao, H., Chen, Q., Cashmere, J. D., Kupfer, D. &Thayer, J. F. (2004). 

Acute stress affects heart rate variability during sleep. Psychosomatic medicine, 66(1), 56–

62. 

Harvey, A. G., Stinson, K., Whitaker, K. L., Moskovitz, D., & Virk, H. (2008). The Subjective Meaning of 

Sleep Quality: A Comparison of Individuals with and without Insomnia. Sleep, 31(3), 383–

393. 

Iber, C., Ancoli-Israel, S., Chesson, A., Quan, S. F., & others. (2007). The AASM manual for the scoring 

of sleep and associated events: rules, terminology and technical specifications (Vol. 1). 

American Academy of Sleep Medicine Westchester, IL. 

Klösch, G., Kemp, B., Penzel, T., Schlogl, A., Rappelsberger, P., Trenker, E., Gruber, G., Zeitlhofer, J., 

Saletu, B., Hermann, W. M., Himanen, S.L., Kunz, D., Barbanoj, M. J., Röschke, J. Värri, A. &  

Dorffner, G. (2001). The SIESTA project polygraphic and clinical database. IEEE Engineering 

in Medicine and Biology Magazine, 20(3), 51–57. https://doi.org/10.1109/51.932725 

Krystal, A. D., & Edinger, J. D. (2008). Measuring sleep quality. Sleep medicine, 9, S10–S17. 

Lee, J. H., Reynolds, C. F., Hoch, C. C., Buysse, D. J., Mazumdar, S., George, C. J., & Kupfer, D. J. 

(1993). Electoencephalographic Sleep in Recently Remitted, Elderly Depressed Patients in 

Double-Blind Placebo-Maintenance Therapy. Neuropsychopharmacology, 8(2), 143–150. 

https://doi.org/10.1038/npp.1993.16 

Lewandowski, A., Rosipal, R., & Dorffner, G. (2012). Extracting more information from EEG 

recordings for a better description of sleep. Computer Methods and Programs in 

Biomedicine, 108(3), 961–972. https://doi.org/10.1016/j.cmpb.2012.05.009 

O’Donnell, D., Silva, E. J., Münch, M., Ronda, J. M., Wang, W., & Duffy, J. F. (2009). Comparison of 

subjective and objective assessments of sleep in healthy older subjects without sleep 

complaints. Journal of Sleep Research, 18(2), 254–263. https://doi.org/10.1111/j.1365-

2869.2008.00719.x 

Rechtschaffen, A., & Kales, A. (1968). A manual of standardized terminology, techniques and scoring 

system for sleep stages of human subjects. Bethesda, MD: US Public Health Service. 

Riedel, B. W., & Lichstein, K. L. (1998). Objective sleep measures and subjective sleep satisfaction: 

How do older adults with insomnia define a good night’s sleep? Psychology and Aging, 

13(1), 159–163. https://doi.org/http://dx.doi.org/10.1037/0882-7974.13.1.159 

Roehrs, T., & Roth, T. (2008). Caffeine: Sleep and daytime sleepiness. Sleep Medicine Reviews, 12(2), 

153–162. https://doi.org/10.1016/j.smrv.2007.07.004 

Rosipal, R., Lewandowski, A., & Dorffner, G. (2013). In search of objective components for sleep 

quality indexing in normal sleep. Biological Psychology, 94(1), 210–220. 

https://doi.org/10.1016/j.biopsycho.2013.05.014 

Rotenberg, V. S., Indursky, P., Kayumov, L., Sirota, P., & Melamed, Y. (2000). The relationship 

between subjective sleep estimation and objective sleep variables in depressed patients. 

International Journal of Psychophysiology, 37(3), 291–297. https://doi.org/10.1016/S0167-

8760(00)00110-0 

Saletu, B. (1975). Is the subjectively experienced quality of sleep related to objective sleep 

parameters? Behavioral Biology, 13(4), 433–444. https://doi.org/10.1016/S0091-

6773(75)91009-3 



113 

Saletu, B., Gruber, G., Parapatics, S., Anderer, P., Klösch, G., Barbanoj, M. J., … others. (2005). The 

self-assessment scale for sleep and awakening quality (SSA)–normative data and 

polysomnographic correlates. In The First Biennial Congress of the World Association of 

Sleep Medicine (WASM). 

Saletu, B., Wessely, P., Grünberger, J., & Schultes, M. (1987). Erste klinische Erfahrungen mit einem 

neuen schlafanstossenden Benzodiazepin, Cinolazepam, mittels eines 

Selbstbeurteilungsbogens für Schlaf- und Aufwachqualität (SSA). Neuropsychiatrie, 1(4), 

169–176. 

Westerlund, A., Lagerros, Y. T., Kecklund, G., Axelsson, J., & Åkerstedt, T. (2016). Relationships 

Between Questionnaire Ratings of Sleep Quality and Polysomnography in Healthy Adults. 

Behavioral Sleep Medicine, 14(2), 185–199. 

https://doi.org/10.1080/15402002.2014.974181 

Youngstedt, S. D. (2005). Effects of Exercise on Sleep. Clinics in Sports Medicine, 24(2), 355–365. 

https://doi.org/10.1016/j.csm.2004.12.003 

Zung. (1965). A self-rating depression scale. Archives of General Psychiatry, 12(1), 63–70. 

https://doi.org/10.1001/archpsyc.1965.01720310065008 

Zung, W. W. (1971). A rating instrument for anxiety disorders. Psychosomatics, 12(6), 371–379. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
Chapter 6 

 
 

Determinants of perceived sleep quality in normal sleepers – a 

two weeks home monitoring study 

 

 

 



116 

Abstract 

This study aimed to establish the determinants of perceived sleep quality over a longer 

period of time, taking into account the separate contributions of actigraphy-based sleep 

measures and self-reported sleep indices. Fifty participants (52 ± 6.6 years; 27 females) 

completed two consecutive weeks of home monitoring, during which they kept a sleep-

wake diary while their sleep was monitored using a wrist-worn actigraph. The diary included 

questions on perceived sleep quality, sleep-wake information and additional factors such as 

well-being and stress. The data was analyzed using multilevel models to compare a model 

that included only actigraphy-based sleep measures (model Acti) to a model that included 

only self-reported sleep measures to explain perceived sleep quality (model Self). In 

addition, a model based on the self-reported sleep measures and extended with non-sleep 

related factors was analyzed to find the most significant determinants of perceived sleep 

quality (model Extended). Self-reported sleep measures (model Self) explained 61% of the 

total variance while actigraphy-based sleep measures (model Acti) only accounted for 41% 

of the perceived sleep quality. The main predictors in the self-reported model were: number 

of awakenings during the night, sleep onset latency and wake time after sleep onset. In the 

extended model, the number of awakenings during the night and total sleep time of the 

previous night were the strongest determinants of perceived sleep quality, with 64% of the 

variance explained. In our cohort, perceived sleep quality was mainly determined by self-

reported sleep measures and less by actigraphy-based sleep indices. These data further 

stress the importance of taking multiple nights into account when trying to understand 

perceived sleep quality.  
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Introduction 
 

A good night sleep is important for our overall health. However, it is still not well-defined 

what a ‘good night sleep’ actually entails, in the perception of the sleeper. Currently, there 

is no broadly accepted definition of perceived sleep quality. Perceived sleep quality can vary 

from person to person; one subject may link it to not waking up at night, while another may 

interpret a short sleep latency as good quality sleep. Moreover, these connotations may 

even differ for a single person across nights. Besides self-reported sleep measures, 

perceived sleep quality can be expressed based on more ‘objective’ measures such as 

polysomnography or actigraphy-based methods.     

 

Most earlier studies that examined perceived sleep quality are cross-sectional in nature  

(Argyropoulos et al., 2003; Keklund & Åkerstedt, 1997; O’Donnell et al., 2009; Riedel & 

Lichstein, 1998; Rosipal, Lewandowski, & Dorffner, 2013; Westerlund, Lagerros, Kecklund, 

Axelsson, & Åkerstedt, 2016). The observed associations between objective sleep measures 

and perceived sleep quality were only low to medium and results have not been consistent 

across studies. Some found that slow-wave sleep was linked with perceived sleep quality 

(Åkerstedt e.a., 1997; Armitage, Trivedi, Hoffmann, & Rush, 1997; Keklund & Åkerstedt, 

1997), while others observed a correlation between wake time after sleep onset and 

perceived sleep quality (Argyropoulos et al., 2003; Keklund & Åkerstedt, 1997; Rosipal et 

al., 2013) and others did not (Riedel & Lichstein, 1998; Westerlund et al., 2016). In addition, 

perceived sleep quality has been associated with non-sleep factors such as employment 

status, age and perceived stress (Tworoger, Davis, Vitiello, Lentz, & McTiernan, 2005).  

 

A few studies have examined the relationship between sleep measures and perceived sleep 

quality in a longitudinal design (Åkerstedt, Hume, Minors, & Waterhouse, 1994a; Landry, 

Best, & Liu-Ambrose, 2015; Lemola, Ledermann, & Friedman, 2013). Åkerstedt et al. (1994a) 

investigated the determinants of perceived sleep quality the next morning using a forced 

sleep schedule of 8 periods of sleep of 6 hours and 8 naps of 1 hour. They found that 

perceived sleep quality was related to sleep efficiency but not to sleep stages. Lemola et al. 

(2013) monitored participants for one week using an actigraph and observed that variability 

of sleep duration was related to perceived sleep quality and subjective well-being. They 

took into account variability between nights of the sleep parameters but used the 

Pittsburgh Sleep Quality Index (PSQI) (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989), 

an overall sleep quality score of the past month, as the perceived sleep quality measure. 

Most research in perceived sleep quality uses a perceived sleep quality score such as PSQI, 

where sleep is evaluated passively over time, and as a result, less is known about the 

individual evening sleep itself.  
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Curiously, only a limited number of studies examined the association between perceived 

sleep quality and self-reported sleep measures, obtained for instance from a diary. 

Åkerstedt et al. (1994b) determined the subjective meaning of good sleep and proposed a 

sleep quality index consisting of sleep quality, calmness of sleep, ease of falling asleep and 

ability to sleep throughout the allotted time. In another study, they predicted the sleep 

quality index with subjective sleep variables and other factors, such as health and stress 

measures (Åkerstedt et al., 2012). The most profound factor in this latter study was “stress 

before bedtime”, followed by late awakening, short prior sleep, high quality of prior sleep 

and good health the prior day. 

 

It is clear that many factors play a role when judging sleep quality, however, their relative 

importance needs to be determined. In addition, longitudinal studies on sleep quality are 

scarce and outcomes differ between reports. The aim of the current study was to further 

establish the determinants of perceived sleep quality scored on a daily basis, assessing the 

contribution of actigraphy-based sleep measures as well as self-reported sleep indices.  

 

Methods  
 

Participants 

A recruitment agency located in Amsterdam, the Netherlands was assigned the task of 

finding participants, from an available panel of 95000 persons. Participants had to be 

between 40 and 65 years old, assuming that people around this age have a relatively stable 

daily routine and sleep rhythm. Participants were excluded when (1) diagnosed with any 

neurological, cardiovascular, psychiatric, pulmonary or endocrinological disorder, (2) 

diagnosed with a sleep disorder, (3) using sleep, antidepressant or cardiovascular 

medication, (4) using drugs or excessive alcohol (> 3 units per day), (5) being pregnant 

and/or (6) working shifts or crossing more than two time zones in the last two months. 

Initially, 58 participants started the study but 7 dropped out. The reasons for withdrawing 

were: the study protocol was deemed too intensive (2), dysfunctionality of devices (2), 

discomfort with wearing devices during sleep (2) and other personal reasons (1). Data of 

one participant was excluded, because it was unreliable as the morning diary was 

continuously filled in too late, resulting in a total sample of 50 participants. All participants 

received a reimbursement of 50 euros.  

 

Study design and procedure 

This study was conducted from February 2015 to May 2015. All procedures and measures 

were approved by the Internal Committee of Biomedical Experiments of Philips Research. 

No medical approval was required. The study was part of a larger project examining the 

sleep quality in middle-aged persons. The study design consisted of two weeks home  
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monitoring, during which participants wore a wrist actigraph and filled in a sleep and wake 

diary in the evening as well as in the morning (Figure 6.1). Participants were invited for an 

intake which was held two days prior to the start of the study. During the intake, written 

informed consent was obtained and the study design and use of the equipment were 

explained. Additionally, demographic information (age, gender, number of working days), 

general health and the Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, 

Berman, & Kupfer, 1989) were assessed. Participants filled in the sleep and wake diary 

through a laptop that was provided to them during the intake. On the laptop, a link was 

installed to access the software package ‘Tempest’ (Batalas & Markopoulos, 2012a, 2012b), 

which enables the user to fill in the sleep and wake diary online as well as offline. When 

information was entered without an internet connection present, data was stored locally 

until an internet connection was established and data was sent to the research server.   

 

Measures 

 

Perceived sleep quality 

As the primary outcome, perceived sleep quality was assessed using a self-rating visual 

analog scale, ranging from 0 (bad night sleep) to 100 (good night sleep), in response to the 

following question ‘How well did you sleep last night?’. Higher scores indicated better sleep 

quality, referred to as ‘perceived sleep quality score’ (PSQ).  

 

The Sleep and Wake diary 

The sleep and wake diary included a morning section and an evening section. The morning 

section consisted of the perceived sleep quality score (PSQ), the Consensus Sleep Diary 

(CSD) (Carney et al., 2012), and questions about sleep rhythm and specific sleep issues, such 

as: problems falling or staying asleep, early morning awakenings and feeling refreshed in 

the morning. The evening section contained questions about daily habits, stress and well-

being during the day.   

 

The Consensus Sleep Diary has been developed by sleep experts and potential users in order 

to meet the need of a standardized sleep diary facilitating comparison across studies 

(Carney et al., 2012). It contains questions such as; ‘When did you go to bed?’ (bedtime), 

‘How long did it take you to fall asleep?’ (sleep onset latency; SOL), ‘How many times did 

you wake up during the night?’ (WASO) and ‘Did you sleep well?’. In our study it is referred 

to as the ‘self-reported sleep measure’. The morning section of the sleep and wake diary 

had to be filled in within one hour after waking up. The answers were accompanied with 

their timestamps, if these times were later than one hour after their wake up time (one of 

the questions) the answers were not included in the analysis. 
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The evening section contained questions regarding daily habits and mood, such as stress 

level during the day (stress_day), stress level before bedtime (stress_bedtime) and well-

being during the day (WB_emotion / WB_energy). Stress level was assessed on a scale from 

1 to 5; with 5 being very stressed. Well-being during the day was determined by a part of 

the Short Form Health Survey (SF-36) (Jenkinson, Coulter, & Wright, 1993). The subscores 

energy/fatigue- (WB_energy) and emotional well-being (WB_emotion) were assessed, with 

higher scores indicating better well-being during the day (0 – 100). In addition, the evening 

diary inquired whether participants took a nap during the day (yes/no). Participants were 

asked to fill in the evening section of the sleep and wake diary one hour prior going to bed.  

 

Actigraphy-based sleep measures 

During all nights, participants wore the Actiwatch Spectrum (AW) on the dominant wrist 

(Philips Respironics Inc, Murrysville, USA). It was set to a standard sampling rate of 120 per 

hour. Actigraphy-based sleep parameters were determined using the Actiware software 

(version 5.57.0006). Participants were instructed to push a ‘marker’ button when they were 

going to sleep and after their final awakeing, such that a sleep interval was annotated based 

on these inputs. The following parameters were derived from this interval: bedtime 

(00:00:00), total sleep time (TST), wake time after sleep onset (WASO), number of 

awakenings during the night, sleep onset latency (SOL) and final wake-up time (00:00:00), 

all reported in minutes unless stated otherwise. Number of awakenings was calculated as 

‘the total number of continuous blocks of epochs where each epoch was scored as wake for 

the given sleep interval’. These sleep outcomes are referred to below as the actigraphy-

based sleep measures. 

 

Statistical analysis  

We performed a multilevel analysis as this enables to determine the sleep quality and its 

determinants on a night to night basis. Multilevel analyses were performed on the response 

variable perceived sleep quality score (PSQ). The analyses were done on complete-record 

data, since less than 12% of the data was missing.  

 

First, it was examined how much actigraphy-based and self-reported sleep measures 

explain perceived sleep quality. Two multilevel models with random intercepts for 

participants and independent intra-subject variability were built – model Acti and model 

Self. The variables included were TST, SOL, Bedtime, WASO, number of awakenings, and 

final wake-up time, corrected for age and gender, including all two-way interactions. The 

selection of the significant variables and their interactions was done through stepwise 

backward elimination (keeping the models hierarchical at all times). Pearson’s correlation 

coefficients between the observed and (the best linear unbiased) predictions of PSQ were 

calculated to quantify model prediction.  



122 

As a second step, the model that performed best in the first analysis (model Self) was 

extended by including explanatory variables other than sleep characteristics of the present 

night (model Extended), i.e. the self-reported sleep variables of the preceding night (the 

night prior to the previous night; named: _pre variables) (Figure 1), weekday or weekend 

day, employment status (employed or not), daytime naps (naps), stress levels during the 

day (stress_day) and at bedtime (stress_bedtime), WB_energy and WB_emotion. 

 

The variables involving a length of time (i.e. TST, SOL, WASO) were converted into hours, 

and bedtime was centered around midnight, i.e. negative values indicated times before 

midnight. All explanatory variables were standardized to zero mean and unit standard 

deviation for interpretation purposes. Reported relationships were significant at a 2-tailed 

p-value of ≤ .05. All analyses were conducted using the MIXED procedure in the SAS 

software (SAS 9.4 for Windows).  

 

Results 
 

The characteristics of the study sample are shown in Table 6.1. Approximately half of the 

participants (54 %) were female and the age range of the sample was between 41 and 65 

years. The PSQI global score ranged from 1 to 13, with 9 persons above the cut-off score of 

5, meaning that our sample generally did not experience sleep complaints.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



123 

Table 6.1  

Descriptive demographics, sleep and non-sleep characteristics of the study sample.  

Note. All reported in mean ± standard deviation, unless stated otherwise. PSQ = perceived sleep 
quality score, WB = well-being during the day, TST = total sleep time, SOL = sleep onset latency, 
WASO = wake time after sleep onset, r = Pearson correlations between the actigraphy-based sleep 
measures and self-reported sleep measures, * = significant at the < .01 level (2-tailed). 

 
In Table 6.2 is the outcome of model Acti displayed. In model Acti the strongest predictors 

were WASO, the number of awakenings and total sleep time. For the latter two, an 

interaction effect adjusted the coefficients for the female group. Moreover, we observed a 

significant interaction effect between sleep onset latency and time in bed. A positive 

association was found between perceived sleep quality and the number of awakenings 

during the night.   

 

Model Self was mostly determined by number of awakenings, sleep onset latency and 

WASO (Table 6.3). In this case, only the coefficient of WASO was different for the female 

and male groups. The effect of WASO on PSQ was greater for females than for males: for 

each extra hour of WASO, women report a 14.52 points lower PSQ score than males. Among 

all the considered interactions, significant were only these between the number of 

awakenings and age, sleep onset latency and WASO, and between sleep onset latency and 

Characteristics    

Age (years) 51.8 ± 6.6   
Female gender, N, (%) 26, 54% 
PSQI 4.16 ± 2.51 
PSQ (vas) 71.35 ± 23.22 
Weekend nights, (%) 28% 
Employed, (%) 76% 
Stress_day 1.54 ± 0.76 
Stress_bedtime 1.23 ± 0.55 
WB_energy 76.48 ± 16.27 
WB_emotion 86.19 ± 12.21 

 Actigraphy-based 
sleep measures 

Self-reported sleep 
measures 

r 

TST (min) 454.31  ± 87.76 436.95  ± 87.93 0.66* 
SOL (min) 10.24  ± 17.09 17.21  ± 26.45 0.24* 
Bedtime (time) 24:02  ± 1:19 24:04  ± 1:15 0.95* 
WASO (min) 28.76  ± 14.02 14.95  ± 24.91 0.22* 
Number of awakenings 
(#) 

29.67  ± 10.55 1.77  ± 1.46 0.16* 

Final wake-up time 
(time) 

7:46  ± 1:24 7:37  ± 1:28 0.93* 
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final wake-up time. For the latter, this means that although a higher sleep onset latency 

lowers the total PSQ score, along with later wake-up time the effect of sleep onset latency 

on PSQ is reduced. The total variance explained by the self-reported model was 61% and 

for the actigraphy-based model 41%. When replacing the best linear unbiased predictions 

(including random effects) with exclusively fixed effects predictions, only 18% of the total 

variance of perceived sleep quality was explained by the actigraphy sleep measures, and for 

the self-reported model this resulted in 49%.  

 

Table 6.2  

Model Acti. Coefficients for the fixed effects with corresponding estimation error and p-
value.  

 Model Acti 

Effect β SE p B SE p 

Intercept 69.53 2.34 <.001   48.05   8.52 <.001 
Gender (effect of females)   5.23 3.23   0.11    -3.68 10.86   0.73 
WASO -9.89 1.25 <.001 -43.32   5.36 <.001 
Number of awakenings  6.26 1.76 <.001     0.59   0.17 <.001 
TST  4.27 1.65   0.01     3.26   1.26   0.01 
Bedtime  2.61 1.09   0.02     1.03   0.90   0.25 
SOL -1.02 0.99   0.30    -4.23   3.59   0.24 
Number of awakenings *Gender -7.69 2.28 <.001    -0.73   0.22 <.001 
TST*Gender  5.29 2.11   0.01     4.03   1.61   0.01 
SOL*Bedtime  2.07 0.80   0.01     5.50   2.13   0.01 

Note. Model Acti = only the actigraphy-based sleep measures of the present nightwere included in 

this model, β = standardized coefficient, b = unstandardized coefficient, SE = standard error, p = p-

value, WASO = wake time after sleep onset, TST = total sleep time, SOL = sleep onset latency. The * 

denotes interaction between two variables. Variance of the random intercept: �̂�2 = 97.42 and 

residual variance �̂�2 = 323.95.  

Subsequently, model Self was extended with non-sleep characteristics (model Extended). 

In Table 6.4 the outcome of the extended model is shown. The strongest effect was 

represented by number of awakenings during the night, followed by total sleep time of the 

preceding night, sleep onset latency, and WASO. For each awakening during the night the 

PSQ score was reduced with 24.8 points in this model. Moreover, the negative effect of both 

number of awakenings and total sleep time of the preceding night alleviates with increased 

age, while both WASO and bedtime of the preceding night show a difference among 

genders. The distribution of PSQ against WASO among genders during the first week is 

displayed in Figure 6.2. The extended model explained approximately 64 % of the total 

variance.  
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Table 6.3  

Model Self. Coefficients for the fixed effects with corresponding estimation error and p-

value.  

 Model Self 

Effect β SE p B SE p 

Intercept 70.05 1.72 <.001 74.74 12.42 <.001 
Gender (effect of females)   3.39 2.38   0.16    7.01   2.51 0.007 
Age    0.91 1.19   0.45   -0.30   0.22   0.18 
WASO  -4.58 1.03 <.001 -13.72   2.81 <.001 
Number of awakenings  -6.95 0.80 0.001 -17.51   4.47 0.001 
TST   3.00 1.17   0.01    2.05   0.80   0.01 
Bedtime  -3.17 1.15   0.01   -2.54   0.92 0.006 
Final wake-up time    3.78 1.31 0.004    1.63   0.93   0.08 
SOL  -6.08 0.80 <.001 -40.88   9.59 <.001 
WASO*Gender  -6.03 1.47 <.001 -14.52   3.54 <.001 
Number of awakenings * Age   2.38 0.83 0.004    0.25 0.086 0.004 
SOL*WASO   1.72 0.52 0.001    9.38   2.87 0.001 
SOL*Final wake-up time   2.10 0.80 0.009    3.21   1.22 0.009 

Note. Model Self = only the self-reported sleep measures of the present night were included in this 

model, β = standardized coefficient, b = unstandardized coefficient, SE = standard error, p = p-value, 

WASO = wake time after sleep onset, TST = total sleep time, SOL = sleep onset latency. The * 

denotes interaction between two variables. Variance of the random intercept was estimated to be 

�̂�2 = 49.54 and the residual variance was �̂�2 = 214.28.     
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Table 6.4  

Model Extended. Coefficients for the fixed effects with corresponding estimation error and 
p-value.  

 

 Model Extended (self-reported) 

Effect Β SE p B SE p 

Intercept  64.13 10.01 <.001 132.48 34.68 <.001 
Gender (effect of female)    4.21   2.47   0.01     7.49   2.63 0.006 
Age    0.12   0.19   0.52    -1.53   0.65   0.02 
Number of awakenings -24.77   6.70 <.001  -18.15   4.91 <.001 
TST_pre -12.89   6.11   0.04     -9.0   4.27   0.04 
SOL   -5.66   0.91 <.001 -12.09   1.94 <.001 
WASO   -4.37   1.16 <.001  -10.72   2.85 <.001 
Final wake up time     3.83   1.43 0.008     2.73   1.02 0.008 
Bedtime   -3.81   1.27 0.003   -3.17   1.06 0.003 
TST    3.26   1.39   0.02    2.25   0.96   0.02 
Bedtime_pre   -1.75   1.34   0.19   -1.52   1.17   0.19 
Number of 
awakenings*Age 

   0.38   0.13 0.004    0.28   0.09 0.004 

TST_pre*Age    0.23   0.11   0.05    0.16   0.08   0.05 
WASO*Gender   -5.40   1.55 <.001 -13.25    3.80 <.001 
Bedtime_pre*Gender    3.60   1.67   0.03    3.14   1.45   0.03 

Note. Model Extended includes self-reported sleep variables of the present night as well as from the 
preceding night. _pre = variable of preceding night: the night prior to the present night, β = 
standardized coefficient, b = unstandardized coefficient, SE = standard error, p = p-value, TST = total 
sleep time, SOL = sleep onset latency, WASO = wake time after sleep onset. The * denotes 
interaction effects between variables. Variance of the random intercept was estimated to be �̂�2 =
50.83 and the residual variance was �̂�2 = 196.73.  

 



127 

 
 
Figure 6.2. The distribution of PSQ against WASO displayed separately for men and 
women during the first week of the study.  
 

Discussion 
 

This study investigated the perceived sleep quality in a longitudinal design, using a daily 

measure of perceived sleep quality. We performed a modeling approach to determine the 

predictive value of actigraphy-based- versus self-reported sleep measures. It was found that 

self-reported sleep measures were stronger predictors of perceived sleep quality than 

actigraphy-based sleep indices. The self-reported number of awakenings and total sleep 

time of the preceding night were the strongest predictors of perceived sleep quality  the 

next morning. This means that the present night as well as the preceding night, are 

indicative of perceived sleep quality the next morning.  

 

Wake time during the night (WASO) was a strong indicator in our models, this is in line with 

previous research (Argyropoulos et al., 2003; Keklund & Åkerstedt, 1997; Rosipal et al., 

2013). However, in our results, this association was more evident in females, based in the 

significant interaction between wake time after sleep onset and gender in the self-reported 

model. The actigraphy-based model showed a positive effect for number of awakenings 

during the night. This is a counterintuitive result as one would expect that the number of 
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awakenings negatively affects the perceived sleep quality. In fact, this positive effect was 

found only for males, since the interaction term of the number of awakenings with gender 

would make the influence of number of awakenings for females negative. This 

counterintuitive relation may indicate that males notice awakenings during the night less, 

and would therefore not necessarily evaluate the perceived sleep quality as negative or 

possibly even as positive. The difference between genders was also observed in the overall 

effect of total sleep time (model Acti). The effect for sleep duration was for females stronger 

than for males; the longer their sleep duration the better their rating of perceived sleep 

quality.  

 

The sleep variables that were significant in the self-reported model remained when 

additional non-sleep factors and sleep measures of the preceding night were added in an 

extended model. Among the additional variables, total sleep time of the preceding night 

and the time the participants went to bed the night before (only for females) were 

indicators of the perceived sleep quality the following morning. Lemola et al. (2013), found 

an association between the variability of total sleep time (coefficient of variation based on 

7 nights, resulting in a cross-sectional design) and sleep quality. This finding was confirmed 

in our study where total sleep time of the preceding nights had an effect on the sleep quality 

rating the following night. In our data, employment status, day of the week, daytime naps, 

emotional and energy wellbeing scores of the day before and stress levels were not 

significant explanatory variables for the perceived sleep quality. This is different from 

previous studies where associations were found between perceived sleep quality and stress 

(Kashani, Eliasson, & Vernalis, 2012; Winbush, Gross, & Kreitzer, 2007), and well-being (Ford 

& Cooper-Patrick, 2001; Mayers, Grabau, Campbell, & Baldwin, 2009). This could be due to 

differences in assessing perceived sleep quality: most studies used an overall sleep quality 

score over the previous month in a cross-sectional design, while we incorporated a direct 

sleep quality score that was rated every morning. In addition, the mean and standard 

deviation of stress level during the day of all participants was low, which could have yielded 

a too low variance to find possible associations between stress and perceived sleep quality.     

 

The subject-specific intercept helped to improve the fit of the actigraphy-based model 

substantially, increasing the explained variation from 0.18 to 0.41. In fact, this additional 

random term captures the subjective baselines, thus a prediction of 41% would be 

achievable only when some baseline PSQ information of a participant is present. To 

calculate the random intercept multiple nights need to be taken into account. The 

prediction of this perceived sleep quality will be more accurate as it is more tailored to the 

person. In the self-reported model, we observed that the same inclusion of a random 

intercept had a smaller effect (49% - 61%). In this case, some of the subjectivity was already 

included in the explanatory variables.  
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This shows that, psychological constructs, such as perceived sleep quality are difficult to 

determine for a whole group. People have their own individual ‘interpretation’ strategies 

regarding the course of the night and when answering sleep-related questions. Personality 

aspects such as general positive or negative affect may be represented in multiple domains 

(i.e. the perceived sleep quality score and individual sleep characteristics) implying an 

association that might be caused partly by method bias (Podsakoff, MacKenzie, Lee, & 

Podsakoff, 2003). These could be reasons why the relationship between the actigraphy-

based sleep characteristics and perceived sleep quality was only modest. 

 

 It is also well known that subjective variables correlate best with other self-reported 

measures. Therefore, the difference found between the actigraphy-based sleep model and 

the self-reported sleep model could be inherent in the assessment method they represent. 

Earlier research has found that self-reported total sleep time was consistently higher 

compared to actigraphy-based total sleep time (Lauderdale, Knutson, Yan, Liu, & Rathouz, 

2008). Moreover, the actigraph algorithm operationalizing the number of awakenings may 

influence the differences between objective and self-reported number of awakenings. For 

example, recording continuous wake time is difficult for an actigraph as it is challenging for 

these devices to differentiate between lying still but awake and being asleep. This could 

mean that the actigraph records several awakenings during an actual single period of wake 

time. Nevertheless, the above results suggest that the perceived sleep experience is an 

important factor in determining overall sleep quality and therefore it may affect other parts 

of people’s life as well. For instance, functioning during the day might be influenced by the 

feeling of being well rested after a night sleep (Jean-Louis, Kripke, & Ancoli-Israel, 2000; 

Lemola et al., 2013; Taylor, Lichstein, & Durrence, 2003).  

 

With regard to the current study, some strengths and limitations are important to note. We 

were able to examine the sleep quality determinants in a real-life setting for 14 days, 

enabling analysis of perceived sleep quality in a between- and within-subjects design. 

However, since there are currently no validated questionnaires that evaluate well-being and 

stress on a daily basis, questions from other questionnaires were used. The included age 

range of 40 to 65 years limits the generalizability of our findings. Future studies should 

assess the perceived sleep quality in daily life in other age groups, such as students, given 

that these persons typically have different sleep/wake rhythms. In addition, future studies 

that focus on categorization of individuals based on several sleep characteristics may 

improve the prediction of perceived sleep quality (Krystal & Edinger, 2008).   

 

In conclusion, we were able to examine the determinants of perceived sleep quality, by 

using a longitudinal approach over multiple nights and a daily measure of perceived sleep 

quality in a middle-aged sample. Perceived sleep quality was best described by self-reported 
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sleep measures that include the number of awakenings during the night and the total sleep 

time of the preceding night. The use of the umbrella term ‘Sleep Quality’ as a reference to 

either objective or subjective sleep quality is not appropriate and a distinction should be 

made between objective sleep quality and perceived sleep quality. To improve the accuracy 

of perceived sleep quality predictions, multiple nights should be taken into account and a 

subject-specific intercept should be included.  
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Phenotyping normal sleepers based on the course of perceived 
sleep quality over time  
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Abstract 
 
A person is, in general, assigned to the normal sleepers group when not diagnosed with a 

sleep disorder. A cluster analysis on the normal sleepers group could reduce the 

heterogeneity of this sample and contributes to more uniformity within a subgroup of 

normal sleepers. This study performed an explorative cluster analysis on the normal 

sleepers group taken into account the course of perceived sleep quality over time.  

Fifty participants (51.8 ± 6.6 years, 27 females) wore an actigraph and filled in a sleep 

and wake diary for two weeks. Sleep characteristics including total sleep time (TST) sleep 

onset latency (SOL) and wake time after sleep onset (WASO), were derived from the 

actigraph and sleep diary. The question ‘How well did you sleep?’, was also stated, and the 

outcome named perceived sleep quality (PSQ). A cluster analysis on the time evolution of 

PSQ was performed. Secondly, a linear mixed model analysis was conducted to determine 

difference between groups over time based on the sleep characteristics.  

Two clusters were identified, a low average PSQ group (55.98 ± 23.37, n = 13) and an 

average to high PSQ group (78.21 ± 19.4, n = 37). Differences between the groups were 

found on WASO and sleep efficiency objectively and for the self-reported sleep measures 

of TST, SOL, WASO and number of awakenings during the night, but no particular time-

patterns could be distinguished.  

Our results lend support for a separation of two groups in the normal sleepers group, as 

we found a group that consistently experienced a low average PSQ. This lower PSQ with 

perceived variability of SOL, WASO TST and number of awakenings could serve as a marker 

for prevention purposes of a sleep disorder or other health problems.  
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Introduction 
 

To gain more insight in the factors determining perceived sleep quality, a direction that has 

not been explored much is that of night-to-night variability. As not every night is the same, 

also normal sleepers experience good and poor nights. Moreover, the group of normal 

sleepers contains a wide range of different people mostly (only) selected with the common 

denominator of not having a diagnosed sleep disorder. Research that investigates whether 

certain subtypes exist within normal sleepers has not been performed. Moreover, 

interesting would be whether we could identify subtypes based on the variability over time. 

In other words can we cluster normal sleepers based on their perceived sleep quality over 

time? In this chapter some first preliminary analyses related to above question are outlined. 

We performed an explorative cluster analysis in order to identify subtypes of normal 

sleepers.  

 

One reason for the less strong relationship between objective sleep measures and 

perceived sleep quality could be because of the population normal sleepers being too 

heterogeneous. The group of normal sleepers contains a wide range of different people 

mostly (only) selected with the common denominator of not having a diagnosed sleep 

disorder. This could mean that often this group consists of various sleepers with different 

levels of perceived sleep quality. However, to our knowledge, no cluster analysis has been 

performed with this group, however, for instance with the sleep disorder ‘insomnia’ such 

analyses have been performed (Edinger et al., 1996). In the clinical field, it was difficult to 

categorize every insomnia patient into one of the consisting categories, therefore the new 

DSM-V is focusing on more symptom based categorization (American Psychiatric 

Association, 2013). This is in line with new research where insomnia patients have been 

empirically clustered (Miller et al., 2016). Two clusters of Insomnia were derived based on 

total sleep time; a cluster with a normal sleep duration and a cluster with a short sleep 

duration. It was concluded that these clusters differ on heart rate variability during sleep 

onset latency. Also, for other sleep disorders such as Obstructive Sleep Apnea, subtypes 

were determined based on the heterogeneity of clinical presentation within this group (Ye 

e.a., 2014). It could be that also subtypes in the normal sleeper group could be identified, 

which could lead to a better insight in the perceived sleep quality in normal sleepers. 

 

What we can learn from the previous chapter is that the within-subjects variation is high 

and therefore time factors should be more carefully investigated. It could be that based on 

the sleep pattern of a person over time, different groups within the normal sleepers could 

be identified. Lemola et al. (2013) observed that the total sleep time variability was a strong 

factor in their study for predicting subjective sleep quality and subjective well-being. A 

recent review of Bei et al. (2016) summarized the findings around the within variation of 
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sleep/wake patterns. They describe that the “sleep/wake patterns can be characterized 

along two dimensions 1) the mean, which quantifies the overall level across the days and 2) 

the intra-individual variability (IIV) which quantifies daily variation around the mean.” They 

concluded, based on 14 peer-reviewed empirical journals, that greater intra-individual 

variability (IIV) was associated with symptoms of insomnia and poor sleep (objectively as 

well as subjectively). The association between intra-individual variability and sleep quality 

was confirmed in a recent study of Baron et al. (2017), where greater variability in objective 

sleep measures was associated with poorer subjective sleep quality. In our previous analysis 

the previous night contributed to some extent in explaining the perceived sleep quality, but 

it could be that when the variability over time is taken into account the contribution of the 

previous nights is more important for defining perceived sleep quality than only the 

previous night.  

 

Most research that has been done in the intra-individual variability of sleep/wake patterns 

concerned Insomnia patients, most often compared to normal healthy sleepers. However, 

the results were not consistent due to the method of assessment: a sleep diary or actigraphy 

measures. In the Insomnia group the variability of sleep onset latency (SOL) was related to 

sleep quality when self-reports were considered (Buysse et al., 2010; Cheek, Shaver, & 

Lentz, 2004) but not when SOL from actigraphy measurements was studied (Buysse et al., 

2010). The self-reported bedtime was shown to be more variable within subjects of the 

Insomnia group compared to normal sleepers (Buysse et al., 2010). This indicates that 

although sometimes less pronounced as compared to sleep disordered samples, there could 

also be variation noticeable in the sleep variables of normal sleepers.  

 

The present study explores the variability of sleep measures further in relation to the 

following two research questions: 1) Are there subtypes identifiable within the normal 

sleeper group? 2) Do the groups differ on their sleep measures over time? We expect to 

identify certain groups of people based on their pattern of perceived sleep quality over 

time. Moreover, differences between the groups will be visible with respect to their sleep 

variables in time, such as total sleep time, sleep onset latency, wake time after sleep onset 

and bedtimes. The analyses will be performed with self-reported sleep measures as well as 

with the sleep outcomes derived from an actigraph.  

 

Methods 
 
Procedure and participants 
For this explorative analysis data from our previous study were utilized. For a full description 

of the data collection method please see chapter 6. In short, 50 participants wore for 14 

days an actigraph and filled in a sleep and wake diary. Participants were invited for an intake 
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which was held two days prior to the start of the study. During the intake, written informed 

consent was obtained and the study design and use of the equipment were explained. 

Additionally, demographic information (age, gender, number of working days), general 

health and the Pittsburgh Sleep Quality Index (PSQI; (Buysse, Reynolds, Monk, Berman, & 

Kupfer, 1989) were assessed.  All study procedures were approved by the ethical committee 

of Philips Research. 

 

For participation in this study, people had to be between 40 and 65 years old and not 

diagnosed with a sleep disorder. Moreover, participants were excluded if (1) diagnosed with 

any neurological, cardiovascular, psychiatric, pulmonary or endocrinological disorder, (2) 

using sleep, antidepressant or cardiovascular medication, (3) using drugs or excessive 

alcohol (> 3 units per day), (4) were pregnant and/or (5) working shifts or crossing more 

than two time zones in the last two months. 

 
Main measures  
 
Sleep and wake diary 
Participants completed a self-made sleep and wake diary every morning and evening for 14 

days. The morning diary contained the question: ‘How well did you sleep?’, with a visual 

analog scale ranging from 0, representing poor sleep quality, till a score of 100, meaning 

good sleep quality. In addition, the morning diary included the Consensus Sleep Diary (CSD; 

(Carney et al., 2012)). In the CSD all the variables related to the sleep/wake pattern were 

required, such as, bedtime, total sleep time, sleep onset latency (SOL), wake time after sleep 

onset (WASO) and wake-up time.  

  

The evening diary contained questions related to daytime measures such as, physical 

activity, caffeine intake, alcohol intake and naps. Since these measures were not of any 

influence on the perceived sleep quality in our previous analysis (chapter 6), these were not 

included in the analysis presented here.   

 

The sleep and wake diary had to be filled in within one hour after waking up and one hour 

before going to bed. Participants filled in the sleep and wake diary through a laptop that 

was given to them during the intake. On the laptop, a link was installed to access the 

software ‘Tempest’ (Batalas & Markopoulos, 2012a, 2012b), which enabled the user to fill 

in the sleep and wake diary online as well as offline. The participant could complete the 

diary when there was no internet connection available.  

 
Actigraph 
During all nights participants wore the Actiwatch Spectrum (AW) on the dominant wrist 

(Philips Respironics Inc, Murrysville, USA). The Actiwatch Spectrum makes use of an 
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accelerometer to detect and log wrist movement, also known as actigraphy. It was set to a 

standard sampling rate of 120 per hr (every 30 seconds), providing ample data per night. 

Actiwatch sleep parameters were determined from the Actiwatch software (version 

5.57.0006, Philips Respironics, Inc, Murrysville, USA). Based on lights out and getup times 

provided by the participants, the following parameters were derived from the Actiwatch 

measures: bedtime, total sleep time (TST), wake time after sleep onset (WASO), number of 

awakenings during the nights, sleep onset latency (SOL), wake-up time and Sleep efficiency 

(SE), all reported in minutes and SE in percentages. 

 
Statistical analysis 
For data preparation please see chapter 6. The participants were clustered based on the 

time evolution of perceived sleep quality across the duration of the study. Since such an 

analysis has not been performed before, we decided to first cluster the normal sleepers 

based on their perceived sleep quality and see whether these groups differ on the sleep 

variables. To perform this analysis, we used the SAS procedure PROC TRAJ (Jones & Nagin, 

2007). The selection of the appropriate number of clusters is done according to the Bayes 

Information Criterion (BIC). 

We then fit a linear mixed model with a fixed effect for the group, as obtained from the 

clustering on the PSQ. To check whether the groups show significant differences in the sleep 

variables measured repeatedly over time. These sleep variables are: bedtime, total sleep 

time (TST), wake time after sleep onset (WASO), number of awakenings during the night 

and sleep onset latency (SOL). The categorical variable GROUP (outcome of the cluster 

analysis) was added as a fixed effect. Differences between the groups on the sleep variables 

were marked as statistical significant at a 2-tailed p-value of ≤.05. 

 

Results 
 
The demographic variables and sleep characteristics are listed in Table 7.1.  
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Table 7.1  
 
Group descriptive statistics and differences on the sleep variables. 

 
 
 

Group 1 
Low PSQ 

Group 2 
Average PSQ 

 

 Mean SD Mean SD           P 

Actigraph      

   TST 454 76 453 83     0.92 
   Bedtime 00:00:00 00:00:30 00:58:00 00:14:00 01:31:00     0.52 
   SOL 00:13:52 00:22:52 00:09:42 00:14:24     0.18 
   WASO 0:35:24 00:17:24 00:27:00 00:12:36   0.002 
   Number of 

awakenings 
32.64 10.54 28.71 10.59     0.11 

   Wake-up time 07:49:12 01:19:12 07:55:48 01:30:00     0.74 
   SE 87.20 5.96 89.87 5.83   0.036 

Self-reported      

   TST 395 93 452 80   <.001 
   Bedtime 00:00:00 00:14:00 01:30:01 00:11:00 01:23:24     0.65 
   SOL 00:09:42 00:14:24 00:12:00 00:15:36   <.001 
   WASO 00:26:24 00:32:24 00:12:36 00:21:00 0.0018 
   Number of 
awakenings 

2.36 2.01 1.59 1.31 0.0036 

   Wake-up time 07:55:48 01:30:00 07:49:12 01:28:12     0.34 
Note. TST = total sleep time, SOL = sleep onset latency, WASO = wake time after sleep onset, SE = 
Sleep Efficiency.  

 
 
 
Clustering based on the time evolution of perceived sleep quality 
 
According to the BIC, the data consists of two clusters when the perceived sleep quality 
(PSQ) is considered as the clustering variable. The results from the clustering are shown in 
Figure 7.1. The clusters can be identified as low average PSQ score (55.98 ± 23.37, n = 13) 
and a normal average PSQ score (78.21 ± 19.4, n = 37).   
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Figure 7.1. Clustering based on the evolution in time of PSQ with 2 clusters.  
 

 

The clusters obtained from the PSQ were then evaluated to check whether the difference 

in the perception was reflected in the measured sleep variables at a cluster level. Among 

the actigraph sleep parameters, cluster differences on overall SE and WASO were observed 

(Table 7.1.), but no peculiar time-patterns could be distinguished for the groups. In addition, 

with respect to self-reported sleep variables, the groups differed on TST, SOL, WASO and 

number of awakenings (Table 7.1.). Moreover, for the subjective sleep parameter SOL, the 

low average PSQ group shows more variation over time compared to the normal average 

PSQ group (Figure 7.2)    

 

When the groups are compared on other demographic factors we noticed that the 

unemployed participants mostly fall in group 2, while only two of them are observed in the 

poor sleep group. It looks sensible to assume that the employment status affects sleep 

quality, if not on a day-to-day base, on a larger overview. Also, the average PSQI score is 

higher in the low average PSQ group as compared to the normal average PSQ group.  

 

 
 
 

Group:  1 1 1 low average PSQ  2 2 2  normal average PSQ 
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Figure 7.2. Time evolution of self-reported sleep onset latency during the two weeks in the 

two clusters obtained from PSQ. 

 

Discussion 
 

The explorative analysis above was guided by the following two research questions: “1) Are 

there subtypes identifiable within the normal sleeper group? 2) Do the groups differ on their 

sleep parameters over time?”. With respect to research question one, our cluster analysis 

resulted in two groups, a group with a low average PSQ and a group with a normal average 

PSQ. Regarding research question 2, the groups differed on WASO and SE and between self-

reported total sleep time, sleep onset latency, wake time after onset and number of 

awakenings during the night. Moreover, it was found that unemployed participants mostly 

fell into the low average perceived sleep quality group. 

 

It is interesting to observe that also in the normal sleeper population various groups can be 

determined. Our data lend support for a group that perceives their sleep consistently lower 

compared to a group that rate their sleep quality consistently in the average range of a 

Group:  1 1 1 low average PSQ  2 2 2  normal average PSQ 
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normal perceived sleep quality. This distinction in the normal sleepers group should be 

considered when performing research with a ‘normal sleepers group’. Also, our data 

supports the notion that a lot of people do experience sleep complaints but fall in the 

normal range (Kroese, De Ridder, Evers, & Adriaanse, 2014). The experience of consistently 

lower sleep quality could serve as a marker for prevention purposes. Especially, since sleep 

is so variable and depending on a lot of other factors, lower sleep quality could be perceived 

as a warning sign towards other health problems as well, as was noted by (Doi, Minowa, & 

Tango, 2003).  

 

Where the subtypes of insomnia patients mostly differed on sleep onset latency and total 

sleep time (Buysse et al., 2010), the groups that we defined differed on the objective wake 

time after sleep onset and total sleep time. However, other factors such as, 

sociodemographic or personality traits were not taken into account. A recent study 

examined the relationship between personality traits and sleep quality and found that 

personality traits were significant predictors for the variability in sleep measures (Krizan & 

Hisler, 2017). Sociodemographic factors, like, socioeconomic status has been associated 

with poorer sleep (Anders, Breckenkamp, Blettner, Schlehofer, & Berg-Beckhoff, 2014). Yet, 

the authors note that this association is probably influenced by other factors such as, 

depression and anxiety as these occur more often in individuals of lower socioeconomic 

status. In our study, we observed a difference in employment status between the two 

groups. We have not observed a peculiar time pattern in one of the sleep variables that was 

significant for a group. This could be due to the fact that participants were aware of 

participating in a sleep study and therefore tried to have consistent bedtimes. It is possible 

that including students maybe have shown some time-patterns more dynamic than the one 

observed for the age range of 40 and 65 years old, as they may have too stable (daily) 

routines.  

 

This explorative study is the first study that performed a clustering analysis based on 

longitudinal data considering objective as well as subjective sleep measures in normal 

sleepers. Fifty participants were included for the cluster analysis but for a more reliable 

result, a bigger sample is needed in order to be able to cluster the sample based on more 

sleep variables. The results in this study only apply to the age range of 40 and 65 years old. 

Moreover, other factors such as sociodemographic and personality traits should be taken 

into account in future clustering studies.   

 

Our data lend support for defining the normal sleepers group into two groups: a group with 

a consistently low average perceived sleep quality and a group with an average perceived 

sleep quality over time. These two groups differ on some of the sleep variables, such as 

wake time after sleep onset, sleep onset latency, total sleep time and sleep efficiency, but 
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no peculiar time-patterns could be distinguished. Future studies that perform cluster 

analyses within the normal sleepers’ group could provide more insight in the variation of 

sleep for normal sleepers. Moreover, future alarm symptoms could be identified for 

prevention of developing a sleep disorder or other health problems.    
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Perceived sleep quality in a personal health monitoring context 
 

Summary 
 
Sleep is essential for our well-being. However, the number of people that experience sleep 

problems is considerably high (Léger, Poursain, Neubauer, & Uchiyama, 2008). People have 

problems with initiating sleep, sleep maintenance, or waking up sooner than desired. As a 

consequence of these sleeping problems, problems can arise in daytime functioning such 

as feeling tired and less energized. Previous studies have shown that sleep is related to 

many other health outcomes. As a result, sleep problems can serve as a first signal for other 

health issues. However, sleep problems will manifest themselves in general first 

subjectively. Therefore, more insight in what determines a good night sleep is needed. In 

addition, with the current proliferation in devices and applications for sleep monitoring, 

persons are now able to monitor their sleep at home for a prolonged time. However, the 

possible effects these consumer sleep trackers may have to the user is not known. In this 

thesis, we studied these research questions from different perspectives and by employing 

various methodological approaches. 

 
In chapter 2, we performed two small-scale studies to investigate the effect of wearing a 

sleep tracker or filling in a diary as such upon sleep behavior and perceptions of sleep 

quality. For both studies, no goal or intervention was implemented and the participants did 

not receive sleep information about their last night sleep. Based on the principle of 

reactivity, changes in sleep behavior and sleep awareness were expected. The first study 

examined the effects of wearing a sleep tracker during sleep. Participants filled in a sleep 

diary for three weeks during which the last two weeks a sleep tracker was worn. During 

these three weeks, three interviews were held to monitor the progress of any alterations in 

sleep awareness and sleep behavior. No adjustments in sleep behavior occurred, however, 

participants became more aware of their sleeping habits. Moreover, participants had 

become motivated to improve their sleep but did not succeed because of other priorities. 

More important, participants indicated that the increased awareness regarding good sleep 

habits was probably due to filling in the diary and not because of wearing a sleep tracker. 

This result prompted our second study, where we explored possible effects of filling in a 

diary on sleep behavior and sleep awareness. In the previous study the diary was 

implemented as a baseline in the first week, but in the second study, only the diary was 

filled in during the second week of the three weeks of home monitoring. We expected to 

find differences between week 1 and week 2, and week 2 and week 3 in the actigraphy 

measures. The differences in total sleep time and bedtimes which we observed were too 

small to be able to conclude that this was caused by filling in the diary in the second week. 

However, we could not rule out such influences. When conducting field studies it is 
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challenging to differentiate among the multitude of factors that influence sleep. In a 

controlled environment the factor under study could be better isolated thus allowing firmer 

conclusions to be drawn, although these could be less representative of real life situations. 

Nevertheless, participants indicated again that they became more aware of their sleeping 

habits, but due to other obligations, it had not been possible to modify their sleep behavior.  

 

Whether the above results would be different if participants were able to receive their sleep 

information about last night sleep was investigated in chapter 3. The study design consisted 

in three weeks home monitoring during which one group wore two sleep trackers and 

received information through a sleep tracking application daily regarding their sleep the 

night before (experimental group) and a group that wore the same two sleep trackers but 

could not access their sleep information (control group) which is quite similar to how 

participants experienced tracking in the studies described in chapter 2. The final stage of 

the study comprised of a structured interview during which participants completed 

questionnaires and open questions aimed at identifying sleep behavior alterations and 

raised sleep awareness. We expected that in the experimental group each sleep outcome 

would improve towards ‘better sleep’ in week 3 compared to week 1. In the control group 

we foresaw no sleep behavior changes and, as a result, differences in the sleep parameters 

will be visible between the groups. Lastly, we expected that especially in the experimental 

group a raised awareness about sleep would occur. In the interviews both groups reported 

sleep behavior modifications and a raised awareness about their sleep. Examples of 

reported behavior changes included: trying to get at least around 7 or 8 hours sleep, going 

to bed earlier, or having more consistent bedtimes. However, the sleep tracking data 

(objective) did not portray any of these modifications in sleep behavior. We concluded that 

receiving sleep information about last night’s sleep did not lead to additional changes. In 

addition, several participants in each group became, in fact, more worried about their sleep. 

Therefore, we concluded that using sleep tracking technology makes people more aware 

about their sleep and to some extent induces the intention for sleep behavior change of 

people. 

 

In the previous chapters we examined the effects of wearing a sleep tracker and receiving 

sleep information about last night sleep on sleep behavior and sleep awareness. However, 

whether people change their sleep behavior or awareness depends also heavily on whether 

they perceive their sleep quality as satisfying. Most sleep questionnaires and diaries are 

based on preclinical conceptions of a good night sleep, but it is unknown what exactly 

determines a good night sleep for a normal sleeper. The aim of chapter 4 was to study the 

conceptions of sleep experience of lay people. Following a phenomenological approach in 

which the researcher sets aside preconceived or theoretically informed notions of the 

phenomenon study, we set out to understand and faithfully portray the experiences of 
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participants in the study. The data was collected with a sentence completion questionnaire 

to be able to inquire all aspects of a sleep experience in a positive and negative manner. 

‘Daytime functioning’, ‘awakenings during the night’ and ‘mind state before bed’ were the 

most prominently used themes that described the sleep experiences in lay-persons. The 

broadly used sleep quality questionnaire PSQI does not address all these topics, and when 

it does, it is more in the extremes of, for instance, daytime functioning. This study showed 

that perceived sleep quality is very diverse among persons and more research is needed to 

develop subjective sleep quality measures that capture this variety of facets and individual 

differences.   

 

Moreover, next to the effects of sleep monitoring, previous studies have observed a 

moderate relationship between objective sleep measures and perceived sleep quality. 

Understanding this relationship better could lead to future psychometric measures of 

perceived sleep quality. In addition, as a result, differences between these two methods 

could be better explained. Therefore we decided to explore variations in the approach to 

analyzing the relationship between objective and subjective measures of sleep quality in 

order to gain more insight into the aforementioned relationship. In chapter 5 we studied 

the association between objective sleep measures and subjective sleep quality. Moreover, 

we explored whether we could enhance this relationship by taking into account the 

differences between consecutive nights. An existing dataset containing two nights of 

polysomnography recordings and a subjective sleep and awakening questionnaire was used 

to explore both research questions. The sub score Sleep Quality was strongest correlated 

with sleep efficiency and wake time after sleep onset. However, the found correlations were 

low to moderate and slightly higher correlations were observed when taking into account 

the variability between nights. It was concluded that the relationship between objective 

sleep measures and perceived sleep quality is moderate. In addition, to gain more insight in 

the above mentioned relationship more research is needed that includes multiple nights.  

 

Based on the results in chapter 5 and because previous studies examining the relationship 

between objective sleep measures and perceived sleep quality were mostly cross-sectional 

studies, in chapter 6 we investigated the determinants of perceived sleep quality with a 

longitudinal sleep study. For two weeks participants wore an actigraph and filled in a sleep 

and wake diary. First, we investigated whether the actigraphy-based sleep measures or the 

self-reported sleep measures (diary) were more indicative of the perceived sleep quality. In 

addition, the self-reported sleep model from the first step was elaborated with other 

parameters that could influence the perceived sleep quality, such as, stress during the day 

and before bedtime, well-being during the day, naps and sleep measures from the 

preceding night. The results show that perceived sleep quality is mainly determined by self-

reported sleep parameters and not actigraphy-based sleep variables. In addition, the 
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number of awakenings during the night and the total sleep time of the preceding night were 

the strongest predictors of the perceived sleep quality for the last night (all self-reported). 

Lastly, it was observed that the within subject variability was higher as compared to the 

between subjects variability, indicating that the variance in explaining perceived sleep 

quality is mainly determined by the variation between nights of a single person.  

 

Certain questions remained regarding the relationship between objective sleep measures 

and perceived sleep quality, for instance, whether the heterogeneity of the ‘normal 

sleepers’ could be reduced. Chapter 7 investigates with an explorative cluster analysis 

whether subtypes of normal sleepers could be determined based on the time evolution of 

perceived sleep quality. Data from chapter 6 were utilized. Two groups within the normal 

sleepers could be identified, a group with a normal average perceived sleep quality and a 

group with a consistently low average perceived sleep quality. When the groups were 

checked on differences on the sleep variables we clearly found differences between the 

following sleep parameters: SE and WASO objectively, and TST, WASO, SOL and number of 

awakenings of the self-reported sleep measures, but no peculiar time-patterns could be 

distinguished. Low perceived sleep quality could serve as a future alarm symptom for 

prevention of developing a sleep disorder or other health problems. De lage gepercipieerde 

slaapkwaliteit zou kunnen dienen als een toekomstig alarmsymbool voor preventie van het 

ontwikkelen van een slaapstoornis of andere gezondheidsproblemen.  

 

Contributions 

 

This thesis has led to several contributions (discussed below).  

- This thesis provides new insights into the effects of purely self-monitoring sleep; our 

research can serve as a first basis from which other studies can investigate possible 

other facets of sleep monitoring (chapter 2 and 3).  

Our results provide insight in the reactivity effects of purely self-monitoring sleep. 

Knowing that people already adjust their sleep behaviors just based on the 

knowledge of being monitored could help to interpret future differences in 

objective and subjective sleep outcomes. Also, future interventions for improving 

sleep quality via sleep monitoring could benefit from this knowledge as the 

reactivity effects of self-monitoring sleep are now clearer. (For further explanation 

of this contribution please see also the section on ‘sleep monitoring’, page 155.) 

 

- We have gained insights into various aspects of longitudinal sleep monitoring; its 

user acceptance (chapter 2 and 3) and variability of sleep measures over time 

(chapter 6 and chapter 7). 
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Our results show that in general people had no problems with wearing a sleep 

tracker during sleep. At first people are very curious about their sleep but they lose 

interest when the options and sleep information are too simple and nothing new 

is added. Other research groups are investigating unobtrusive ways to measure 

sleep as such that going to a sleep lab will not be needed anymore. As a result, 

monitoring people for a longer period of time will be more common. Also, this is 

an important aspect, as in one of our other studies it was observed that the intra-

individual variability of the sleep measures was high (Please see also sections ‘sleep 

monitoring’ and ‘determinants of perceived sleep quality’ below.) 

 

- A better understanding of suitable psychometric sleep measures for normal 

sleepers (chapter 4, 5, and 6).  

Conceptualization of perceived sleep quality has been formed mainly based on 

clinical considerations of sleep disorders. With our studies we were able to present 

factors that are substantial when measuring perceived sleep quality. Having a 

better understanding of the suitable psychometric sleep measures of normal 

sleepers could help to interpret future differences between perceived sleep quality 

and objective sleep measures. (Please see also section ‘determinants of perceived 

sleep quality’, page 159.) 

 

- We propose factors that should be incorporated in a future description of perceived 

sleep quality (all chapters).  

A clear shared definition of perceived sleep quality would enhance comparisons 

between studies on perceived sleep quality. Studies differ in whether they, for 

instance, consider sleep duration as part of the overall perceived sleep quality 

‘score’. Therefore one definition of perceived sleep quality is needed for the field 

of sleep research. (Please see also section ‘towards a new description of sleep’, 

page 161.) 

 

Sleep monitoring  

 

Our results showed that because of self-monitoring (either filling in a diary or wearing a 

sleep tracker) participants became more aware of their sleep. Todd and Mulan (2014) also 

reported that participants experienced an increase in sleep awareness due to filling in a 

sleep diary. These results suggest that being actively involved in the sleep tracking process 

either by filling in a sleep diary or using a sleep tracking device will lead to more sleep 

awareness. Moreover, not only a raised awareness about sleep was observed, but also an 

effect that applied to the intention of the behavior change was found. Some participants 

went to bed earlier or tried to have at least 7 or 8 hours of sleep (chapter 3).  This is the first 
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study on reactivity effects of wearing a sleep tracker on sleep awareness without  

implementing an intervention to improve sleep quality. Other studies examined the 

possible effects when extensive feedback is displayed and more options for evaluations are 

presented  (Choe, Lee, Kay, Pratt, & Kientz, 2015; Daskalova et al., 2016; Kay et al., 2012). 

Daskalova et al. (2016) investigated the possible effects of sleep monitoring with 

individually-tailored recommendations and feedback. They concluded, using single-case 

experiments, that as a result of the tailored messages the sleep quality improved. These 

results indicate that self-monitoring with sleep trackers could be a powerful instrument for 

improvements in sleep. However, the usage of a wearable or whether behavior change 

occurs depends significantly on the way in which people are confronted and engage with 

the visualized personal data (Ruckenstein, 2014). Also, more research is required on 

whether a fully automated self-tracker is desired or that a human intervention is still needed 

for the effectiveness of self-monitoring.   

 

In our studies, we did not observe a sleep behavior change objectively as a result of using a 

sleep monitoring device. This could be due to four reasons. Firstly, we used actigraphy as 

the objective sleep measure, however, it could be that this measurement was not accurate 

enough to detect alterations in the sleep parameters within three weeks. Secondly, as 

indicated above, we did not set any goal for a sleep behavior change in our study designs. 

Thirdly, it could be because people are generally poor in self-reporting own behavior (well 

known in behavior psychology), especially when reporting sleep of which they are not 

necessarily cognizant. Lastly, despite that sleep wearables become more seamlessly 

incorporated into people’s life, it is difficult for people to change their sleep, as sleep 

patterns are embedded in the overall life style of a person and are therefore easily overruled 

by other obligations. This was clearly seen in our studies where a considerable amount of 

participants wanted to improve their sleep but failed due to other commitments (chapters 

2 and 3).  

 

However, it became clear that persons who were upfront willing to improve their sleep were 

more prone to sleep behavior alterations. This result suggests that it is not purely the device 

that caused sleep behavior changes as was indicated by the participants (subjectively), but 

a great factor was also the initial motivation of the person to change sleep behavior that 

caused above-found results. This does not come as a surprise, since people who have the 

intention to change are more likely to modify a (sleep) behavior than those who had no 

intention for behavior change. Still, we did not ask them to change or improve their sleep 

behavior, and therefore the sleep tracker could empower or trigger people to effect a 

change. There are users who could still benefit from using sleep trackers for behavior 

change. This was also supported by Fritz et al. (2014) who suggested that it could be that 

the device was more a support or agent for the user  to achieve a behavior change.   
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As seen in the behavior change theories, behavior modifications do not just occur but 

depend on a lot of other factors, such as intrinsic motivation and social factors (Conner & 

Sparks, 2005). As we were not interested in initiating behavior change but wanted to see 

whether self-monitoring sleep leads to sleep behavior change caused by reactivity, we did 

not dwell upon these theories. A prominent component behavior change theories is that of 

self-efficacy; the degree of one's belief in one's own ability to complete tasks and reach 

goals (Bandura, 1991). Self-efficacy will probably be a great factor in sleep behavior change, 

as one should believe in one’s own ability to restrain social influences or to turn off the 

lights on time. However, in a study about behavior change in a health promotion context, 

motivation was an important intervening variable for the prediction of behavior change and 

to a lesser extent health beliefs (perceived risk of the behavior change and benefit of the 

behavior change), social support and self-efficacy (Kelly, Zyzanski, & Alemagno, 1991). In 

our studies, it was observed that motivation was also an important factor for sleep behavior 

change. Additionally, information that was often missed from the sleep wearables were 

sleep education and coaching on how to achieve a better sleep. In general, there is a gap 

between the intention or motivation of a person to modify a health behavior and the actual 

action of the behavior (Schwarzer, 2008). Future studies should focus on this gap to 

empower behavior change (Schwarzer, 2008). With sleep monitoring, using wearables 

sensors, we were able to raise the awareness about sleep and to some extent adjustments 

in sleep behavior. To achieve a sustained sleep behavior change one should investigate the 

possible effects of wearing a sleep tracker when other factors are also considered, such as 

intrinsic motivation, social factors and personality traits.  

 

Future for sleep trackers  

 

The development in the wearable industry has led to new studies that examined various 

aspects of the feedback that is given to the user by the device. For instance, unknown is 

how the data should be presented to the user, in which amount, and the degree of difficulty 

(known or unknown to the user) of the feedback. Apart from the numeric direct feedback, 

also aspects of the field of motivational feedback are being investigated to improve user 

engagement, such as gamification of activity with contests and challenges or 

reinforcements in the form of virtual rewards for achievements (Ewais & Alluhaidan, 2015; 

Helf & Hlavacs, 2016; Ilhan, Sener, & Hacihabiboğlu, 2016).  

 

Another way to improve user engagement is to develop apps that are more evidence based. 

In this way, factors could be implemented which take into account the usability of a sleep 

tracker so that the device is used according to the intent of the developer of the wearable 

and more importantly the accuracy of the sleep measures is enhanced (Helf & Hlavacs, 

2016). Additionally, combining the scientific knowledge with personalized features would 
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contribute to more tailored advice to the user, as persons have different reasons for using 

a sleep tracker (Williams, Coveney, & Meadows, 2015). However, with regards to the 

trustworthiness of the sleep trackers, also issues regarding privacy and data protection 

should be solved as this is not always considered by the development of a mobile health 

app (Kshetri, 2013; Martínez-Pérez, Torre-Díez, & López-Coronado, 2015), partly because of 

the uncertainty and knowledge gap among app developers (Balebako, Marsh, Lin, Hong, & 

Cranor, 2014).  

 

What we can learn from diet programs for changing sleep behavior is that the adherence to 

self-monitoring is by far more important than the method utilized to self-monitor (Burke 

e.a., 2012). In addition, a daily feedback message delivered remotely enhanced adherence 

and improved weight loss (Burke et al., 2012). Moreover, in a longitudinal study about 

activity tracking devices for fitness, it was observed that it was mainly the numeric feedback 

that motivated people to reach each day the same or a higher number of steps (Fritz et al., 

2014). In our study adding sleep information about last night sleep resulted in sleep 

behavior change only to a limited extent. This A point of criticism about self-trackers is the 

short-term use of most users. In an activity tracking study among students, it was observed 

that after two weeks 50% of the participants stopped using the device (Shih, Han, Poole, 

Rosson, & Carroll, 2015). In a population of older adults it was observed that some people 

stopped wearing the trackers after 1 day, some after 8 days and others after 2 weeks 

(Fausset et al., 2013). The reasons for withdrawing were the perception that the tracking 

was inaccurate and that the device was found uncomfortable to wear. These reasons have 

also been observed in our studies (chapter 2, 3 and 6). In addition, related research has 

found that when a sleep tracker is worn as part of a health program, the number of hours 

of sleep gradually increased over 9 months (Crowley, Pugliese, & Kachnowski, 2016). An 

explanation for this result could be that at some point the changed behavior became 

ingrained in the person’s life or the device served as a reminder during the 9 months to 

maintain earlier bedtimes. Whether other behavior strategies could contribute to 

improving certain sleep habits should be further investigated. Since the interest in wearable 

devices is still rising and there are sufficient opportunities for improving wearable devices, 

wearables will remain a part of our life, if issues regarding sustainability and privacy are 

addressed sufficiently. Moreover, concerns regarding accuracy, comprehensibility and 

comfort of the sleep trackers also need to be addressed.  

 

Since objective sleep parameters and perceived sleep quality are low to medium correlated 

this implies that for future designs of sleep monitoring devices more emphasis should be 

placed on the relative effect than the absolute effect of sleep monitoring. A raised 

awareness about sleep could occur when monitoring the sleep. Also, changes in the sleep 

pattern over time or in the perceived sleep quality could be indicators for changes in sleep. 



159 

Therefore, when the sleep is monitored for a longer period of time the information can be 

tailored to the user and as a result, more valuable and personalized conclusions could be 

drawn. New sleep monitoring devices should be developed in such a way that they are 

attractive to be used for a longer period of time.  

 

Actigraphy versus self-reported measures 

 

It is suggested by Van den Berg et al. (2008) that actigraphy or diary methods of sleep 

assessment may not measure exactly the same phenomenon. Also, other studies have 

observed great disagreements between actigraphy and self-reported sleep measurements 

(Girschik, Fritschi, Heyworth, & Waters, 2012; Lauderdale, Knutson, Yan, Liu, & Rathouz, 

2008; Lockley, Skene, & Arendt, 1999; Short, Gradisar, Lack, Wright, & Carskadon, 2012; 

Werner, Molinari, Guyer, & Jenni, 2008). For instance, Lauderdale et al. (2008) have found 

a consistent overestimating of self-reported total sleep time compared to actigraphy-based 

total sleep time. These results have been reported for different age groups, divergent 

sample populations and both for males and females. In our study, we have also observed a 

great discrepancy between actigraphy sleep measures and self-reported sleep measures 

(chapter 6). In addition, it was actually the self-reported sleep measures that determined 

perceived sleep quality and less the actigraphy-based sleep measures. The same results 

were found when polysomnography (PSG) was compared with actigraphy, however, the 

discrepancies were less prominent compared to the differences between self-reported 

sleep measures and polysomnography (McCall & McCall, 2012). Besides the difference 

between objective sleep measurements and diary sleep assessment, for a reliable indication 

of someone’s sleep quality, it is also important to know how long someone should be 

monitored to achieve such a result. To obtain a reliable measure of actigraphy-based total 

sleep time, recent research conducted in parallel to the studies reported in this thesis has 

found that more than 7 nights of sleep monitoring are required and at least 6 nights of sleep 

monitoring are needed for self-reported total sleep time before reliable data can be 

obtained (Aili, Åström-Paulsson, Stoetzer, Svartengren, & Hillert, 2016). Since there are 

clear differences in the sleep measuring methods that one applies, one should be aware of 

these differences when drawing conclusions. To gain more in-depth knowledge from self-

reported sleep measures a possibility would be to inquire the reasoning behind the answer 

of, for instance, total sleep time, on how this was calculated and perceived by this particular 

person, just as we know the computation behind an objective sleep measurement.   

 

Determinants of perceived sleep quality 

 

Over the past three decades, a reasonable number of studies have investigated the 

association between objective sleep measurements and perceived sleep quality in normal 
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sleepers (Åkerstedt et al., 2012; Keklund & Åkerstedt, 1997; Riedel & Lichstein, 1998). In 

chapter 5 we explored abovementioned association with polysomnography measures. A 

small improvement in the correlations between polysomnography-based sleep measures 

and perceived sleep quality was observed when taking the difference between nights. 

Because of the lack of longitudinal studies in the sleep research field, we performed a two 

weeks home monitoring study to establish the determinants of perceived sleep quality 

(chapter 6). The main conclusion drawn from this study was that primarily the self-reported 

sleep parameters predicted perceived sleep quality and actually the explained variance of 

perceived sleep quality with actigraphy-based sleep measures was low. Most previous 

studies have chosen to either use actigraphy-based sleep measures or self-reported sleep 

measures in their study designs, arguing this by referring to studies that have found 

moderate correlations between these two methods (Åkerstedt et al., 2012). We would 

prefer to at least include the subjective sleep parameters and if possible during several 

nights. Secondly, the number of awakenings and the total sleep time of the preceding night 

were the strongest predictors to determine perceived sleep quality. Lastly, we observed 

that the within variability was higher compared to the between-variability, meaning that 

most of the perceived sleep quality could be explained by differences between nights of a 

single person. Lemola et al. (2013) also reported a great within variability in their study. In 

addition, night-to-night variability of total sleep time was an important predictor of 

perceived sleep quality (Lemola et al., 2013). Åkerstedt et al. (1994) introduced a new sleep 

quality index based on covariation over time: sleep quality, calmness of sleep, ease of falling 

asleep and ability to sleep throughout the allotted time. Some of these variables were 

consistent with the factors that Harvey et al. (2008) suggested. Based on structured 

interviews Harvey et al. (2008) determined the factors that are most mentioned when 

judging subjective sleep quality the next morning: sufficient sleep duration, feeling of 

tiredness throughout the day, feeling of rested when waking up, feeling restored on waking 

and feeling alerted throughout the day. More recently, another study that combined a 

qualitative and a quantitative approach to determine perceived sleep quality has found that 

refreshing sleep and sleep continuity determine perceived sleep quality (Libman et al., 

2016).  

 

There are some similarities and differences between studies that determine on the basis of 

quantitative or qualitative studies the perceived sleep quality. Sleep continuity is an 

important aspect for predicting perceived sleep quality within quantitative studies. 

However, in qualitative studies aspects relating to daytime functioning such as feeling 

refreshed when waking up and energized during the day are often more decisive factors. 

The main aspect that all these studies and ours have in common is that perceived sleep 

quality is primarily formed by the perception of the person and not by objective sleep 

measurements.  Additionally, because of the high variability within a person, the process of 
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determining perceived sleep quality depends on factors that are considered as most 

influential for determining perceived sleep quality by that person and even more so, 

depending on the day.   

 

Almost a decade ago, Krystal and Edinger (2008) proposed other methods to examine the 

association between objective sleep parameters and perceived sleep quality. These were 

mainly methods that comprised of more complex analyses of the polysomnography data, 

such as Cyclic Alternating Pattern (CAP) computations (Parrino, Ferri, Bruni, & Terzano, 

2012; Terzano et al., 1985). We have also examined whether the association between other 

biometric measures collected during sleep and perceived sleep quality was more evident, 

such as heart rate and respiration. Unfortunately, perceived sleep quality was low to 

moderately correlated with heart rate variability measures (based on data collected in the 

study described in chapter 6). In addition, one of the approaches also described by Krystal 

and Edinger (2008) is to cluster the population and examine whether the association is more 

clear within a certain group.  We performed a first preliminary cluster analysis based on the 

subjective sleep parameters and found a distinction between good and bad sleepers 

(chapter 7). However, the group bad sleepers was too small to perform further analysis. 

Described in the introduction chapter, there is currently no definition in the literature of 

perceived sleep quality. Therefore, Krystal and Edinger (2008) proposed the following single 

question, often used in diary studies, as the definition of perceived sleep quality: ‘How well 

did you sleep?’, rated on a 5-point likert scale. We think this is probably too limited, as, 

observed in our studies and other studies, other factors such as daytime functioning and 

total sleep time of the preceding night are important as well.  

 

Towards a new description of perceived sleep quality 

 

Four main conclusions can be drawn from our research on perceived sleep quality. 1) 

Perceived sleep quality is an indeterminate phenomenon and interpreted by each individual 

differently. 2) The determinants of perceived sleep quality differ over time within an 

individual. 3) Based on quantitative research, perceived sleep quality can be described as 

sleep continuity and total sleep time of the preceding night. 4) Next day functioning, wake 

time after sleep onset and state before bed were frequently mentioned as most decisive 

factors in conceptualizing sleep quality according to our qualitative research. We propose 

therefore that the following factors should be incorporated in a description of perceived 

sleep quality, aiming to be used in the research field for normal sleepers: ‘perceived sleep 

quality´ is a phenomenon that is for each person different, even between nights, but 

typically the following factors determine perceived sleep quality in general; sleep continuity 

during the night, being stressed before bedtime and feeling refreshed and energized the 

following day. Whether these factors are all-embracing for a definition for perceived sleep 
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quality should be examined in future studies. In addition, whether the proposed factors are 

also applicable for non-normal sleepers should be investigated.  

 

A benchmark that could distinguish perceived sleep quality on different levels, for instance, 

between persons or different nights within a single person, would make comparisons 

between studies and persons more attainable. For the development of such a benchmark a 

combination of quantitative and qualitative facets of perceived sleep quality would be 

required. Currently, to compare between persons, a personal benchmark should be 

calculated for each person separately, as some persons have in general a more negative or 

positive mindset compared to others. Calculated in this way would mean  that some of the 

subjectivity is eliminated and comparisons between persons are more comprehensible and 

trustworthy.  

 

Future perspectives 

 

Whether consumer sleep trackers can serve as an additional tool for diagnostic purposes 

for the medical practice can only be seriously considered if the devices are validated and as 

a result of this become more accurate and reliable for sleep classification (Russo, Goparaju, 

& Bianchi, 2015). General practitioners are already confronted with the data of these 

devices and accordingly, it would be more beneficial if this data could be interpreted in a 

safe way and used as an additional tool for diagnostic purposes. In addition, it should be 

investigated whether sleep trackers can serve as an intervention for sleep treatment. If the 

aim is to improve the sleep quality with a sleep hygiene intervention, sleep trackers could 

serve as a tool to raise awareness about sleep patterns and sleep hygiene. In general, less 

is required from persons themselves, although, they need to wear the tracker or turn it on 

compared to keeping a sleep diary. As outlined above, whether an intervention of, for 

instance, a sleep hygiene program will work, depends on many other factors. In the study 

of Choe et al. (2011), it was observed that 62.6% (n= 144) of the participants would be 

interested in using a sleep technology to improve their sleep. A note of caution is necessary 

here as the willingness to wear a device during sleep was mostly among persons who had 

experienced previous sleep problems before (Choe et al., 2011).      

  

Besides the validity and reliability of a sleep tracking device, there are still many other 

unanswered questions that require investigation, such as the design of the device, 

incorporated functionalities of the device and the feedback that is fed back to the user. Yet, 

simultaneously, these domains depend on the goal of the sleep treatment and/or device. 

The purpose of self-monitoring sleep could be: sleep diagnostics, sleep treatment, sleep 

monitoring, waking someone up or for inducing sleep (Choe et al., 2011). More importantly, 

the device should be designed in such a way that the user can wear the device comfortably 
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and for a long time and that the data is comprehensible to the user. Designers should 

consider the user experience holistically, as the user experience interacts with their sleep 

experience and hygiene and their overall lifestyle. In this sense, rather than just designing 

suitable visualizations of sleep data, designers need to help people find value and 

motivation to use the sleep device. Moreover, the feedback that de sleep tracker provides 

should be designed and tested to avoid adverse reactivity affects and even more to provide 

the users with effective means to improve their sleep and feel better. In addition, with the 

rapid growth of consumer sleep trackers, the companies that sell sleep trackers are able to 

accumulate health data from numerous people also referred to as big data. Big data leads 

to issues regarding the invasion of privacy of the user and the question of who owns the 

data. Further work is required in all these areas, which is as important as relevant when 

developing a sleep tracker device.   

 

Future research should be undertaken to explore the normal sleeper group in more detail. 

As we have observed it was difficult to find a relationship between objective sleep 

parameters and perceived sleep quality. Persons differ in their interpretation of the 

questions and have their own framework when rating their sleep quality. However, a 

significant number of participants mentioned during the interviews that they wanted to 

improve their sleep. As mentioned in the introduction it has been found that 40% of the 

persons reported that they felt thay had slept too little or felt tired during the day for 3-4 

days per week (Kroese, De Ridder, Evers, & Adriaanse, 2014). Based on these findings we 

think there is a certain amount of people among the so called normal sleepers who do 

periodically experience sleep disturbances either with consequences in daytime functioning 

or not and others who seem to always sleep without sleep problems. It is likely that the first 

group does not fall in the diagnostic range of a sleep disorder. While it is not necessary for 

the former group to be labeled with a sleep disorder, they could benefit from sleep advice 

when available to reduce their uncertainties or to improve their sleep. To be able to 

phenotype this certain group more research is needed in the characterization of normal 

sleepers, as such that when performing research on a subtype of normal sleepers 

homogeneity is more guaranteed and the insights about perceived sleep quality become 

clearer.  

 

To develop a full picture of perceived sleep quality additional studies will be needed that, 

for instance, investigate whether the rating of perceived sleep quality differs in the evening 

compared to the rating given in the morning. When taking into account the perceived sleep 

quality in the evening, daytime measures, such as well-being during the day and energy-

level during the day can be included in the decision of the quality of the sleep. However, a 

disadvantage could be that the rating is assessed hours after sleep, so it could be more a 

rating of how the day went instead of a representative sleep quality measure. Still, to have 
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an indication of whether the perceived sleep quality differs between the morning and 

evening could be insightful in how the perceived sleep quality is formed by a person and 

more specifically which cognitive processes are involved in determining perceived sleep 

quality.    

 

Concluding remarks 

 

The work presented in this thesis has led to new insights with regards to sleep monitoring. 

Self-monitoring your sleep with sleep trackers can lead to raised sleep awareness and to 

some extent sleep behavior alterations. Moreover, perceived sleep quality is better 

explained by taking the sleep variables of various nights of a person. Lastly, sleep continuity 

(quantitative) and being stressed before bedtime and feeling energized during the day 

(qualitative) were the strongest factors that determined perceived sleep quality. However, 

perceived sleep quality is a variable phenomenon and should, therefore, be interpreted 

with caution. Moreover, when sleep trackers are more accurate and tailored to the user 

other possibilities for using the device could be foreseen, as for example to support 

intervention aimed at improving sleep quality.   

 

This thesis started with a scenario about a woman in her 20s, who was concerned about her 

sleep as she experienced daytime fatigue. She started wearing a sleep tracker to find out 

more about her sleep, but in the end, it made her even worry more. In our studies, it became 

clear that the sleep trackers actually raise the awareness about sleep but the consequences 

of getting worried was less obvious. Moreover, we gained insights in the effects of wearing 

a sleep tracker during sleep and the areas for improvement. In addition, we gained a better 

understanding of the psychometric measures of perceived sleep quality. These insights will 

lead to better advice to persons who experience sleep problems as the discrepancy 

between objective and perceived sleep quality can be better explained.  
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Appendix A  

Feedback study 

Self-made questionnaire 

Slaapsituatie voordat met de studie werd begonnen 

Neem bij het beantwoorden van de volgende stellingen het volgende in gedachte; 
Voordat u met de studie begon: 

 
 
 Helemaal 

mee oneens 
oneens een 

beetje 
oneens 

Een 
beetje 
eens 

eens Helemaal 
mee eens 

Dacht ik veel na 
over mijn slaap 

      

Maakte ik mij 
zorgen om mijn 
slaap 

      

Wilde ik mijn 
slaap verbeteren 

      

Ging ik te laat 
naar bed 

      

Stond ik te laat 
op 

      

Was een 
slaaproutine 
moeilijk te 
vatten 

      

 
Vragen over de onderzoeksperiode 

Heeft u meer over uw slaap nagedacht dan voor de studie? 
o nee 
o ja; ik ben meer over mijn slaap gaan denken omdat ik mee doe aan een slaap 

onderzoek. 
o ja; ik ben meer over mijn slaap gaan nadenken omdat ik twee slaaptrackers 

droeg. 
o anders  ____________________ 
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Hoe vaak heeft u nagedacht over uw slaapgewoontes de afgelopen 3 weken? 
o helemaal niet 
o paar keer per week 
o elke dag 
o meerdere keren per dag 

 
Het dragen van de slaap trackers heeft mij: 

o bewuster gemaakt, en ik ben in staat geweest om bepaalde gewoontes aan te 
passen 

o bewuster gemaakt, maar ik wilde zelf niets veranderen 
o bewuster gemaakt, en ik wilde wel slaapgewoontes veranderen, maar dat is mij 

niet gelukt 
o ik ben niet bewuster geworden van mijn slaapgewoontes en dat vind ik ook niet 

nodig 
o ik ben niet bewuster geworden maar zou het eigenlijk wel willen 

 
Het dragen van de slaaptrackers heeft gemaakt dat ik mij meer zorgen maak om mijn 
slaap: 

o Helemaal mee oneens 
o oneens 
o een beetje oneens 
o een beetje eens 
o eens 
o Helemaal mee eens 

 
Hebt u het idee gehad dat het indrukken van de markerknop op de Actiwatch u al dan niet 
geforceerd bewust heeft gemaakt van uw slaap? 

o ja 
o nee 

 
Vragen over uw slaapgedrag tijdens de onderzoeksperiode 

onderstaande vragen gaan over DOORDEWEEKSE dagen 

Tijdens de studie periode: 
o Is de tijd dat ik naar bed ga hetzelfde gebleven 
o Is de tijd dat ik naar bed ga later geworden 
o Is de tijd dat ik naar bed ga eerder geworden 

 
Als ik het einde van de studie vergelijk met het begin van de studie dan: 

o Duurt het nu langer totdat ik in slaap val nadat het licht uit gaat 
o Duurt het nu korter totdat ik in slaap val nadat het licht uit gaat 
o Duurt het inslapen even lang 
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als ik het einde van de studie vergelijk met het begin van de studie dan: 
o Lig ik minder lang wakker gedurende de nacht 
o Lig ik langer wakker gedurende de nacht 
o Lig ik even lang wakker gedurende de nacht 

 
Als ik het einde van de studie vergelijk met het begin van de studie dan: 

o slaap ik nu langer 
o slaap ik nu korter 
o slaap ik even lang 

 
Als ik het einde van de studie vergelijk met het begin van de studie dan: 

o Sta ik nu eerder op uit bed 
o Sta ik nu later op om uit bed te gaan 
o Ga ik even laat mijn bed uit 

 
 
Als ik het einde van de studie vergelijk met het begin van de studie dan: 

o Slaap ik nu beter dan eerst 
o Slaap ik nu slechter dan eerst 
o Slaap ik hetzelfde als eerst 

 
Slaapsituatie nu de studie geëindigd is 

Neem bij het beantwoorden van de volgende stellingen het volgende in gedachte; 
Nu de studie voorbij is: 
 
 

 Helemaal 
mee 
oneens 

oneens een 
beetje 
oneens 

een 
beetje 
eens 

eens helemaal 
mee eens 

Denk ik veel na 
over mijn slaap 

      

Maakte ik mij 
zorgen over mijn 
slaap 

      

Wil ik mijn slaap 
(blijven) 
verbeteren 

      

Ga ik nog steeds te 
laat naar bed 

      

Sta ik te laat op       

Is een slaaproutine 
nog steeds moeilijk 
te vatten 
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Appendix B  
 
Sleep Sentence Completion Questionnaire 
 
The questionnaire is presented below in Dutch, together with its English translation.  

 
Normaal gezien voel ik me na het 
slapen .......... * 

Normally after sleeping I feel………* 

Na een nacht slecht slapen voel ik mij.......... * After a bad night’s sleep I feel……… * 

Ik ontwaak graag.......... * I like to wake up………* 

Een slechte nachtslaap is.......... * A poor night sleep is.......... * 

Ik slaap graag.......... * I like to sleep.......... * 

Ik slaap slecht wanneer.......... * I sleep poorly when.......... * 

Ik ervaar mijn slaap als.......... * I experience my sleep as.......... * 

Het belangrijkste aan slapen vind ik.......... * 
I think the most important thing about 
sleeping is.......... * 

Een goede nachtslaap is.......... * A good night sleep is.......... * 

Ik denk dat het moeilijk is om te slapen 
wanneer.......... * 

I think it is difficult to sleep when.......... * 

Na een nacht slecht slapen..........  * After a poor night’s sleep..........  * 

Ik voel me het best wanneer mijn slaap... * I feel best when my sleep... * 

Ik slaap goed wanneer ik..........ben * I sleep well when I am.......... * 

Hetgeen mijn slaap het meest 
beïnvloed.......... * 

The thing that my sleep the most 
influences.......... * 

Slaap is voor mij.......... * Sleep is for me.......... * 

Mijn slaap is slecht als.......... * My sleep is poor when.......... * 

Na een nacht goed slapen.......... * After a night of sleeping well.......... * 

Hetgeen mijn slaap onderbreekt is/zijn.......... * What my sleep interrupts is/are.......... * 
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Voor het slapen gaan wil ik graag.......... * Before bedtime I would like.......... * 

Ik slaap slecht wanneer ik..........ben * I sleep badly when I am..........* 

Ik kan niet slapen zonder.......... * I cannot sleep without.......... * 

Mijn slaap vannacht was.......... * My sleep tonight was.......... * 

Mijn slaap is goed als.......... * My sleep is good when.......... * 

Ik ontwaak (vaak) gedurende de 
nacht  omdat.......... * 

I wake up (often) during the night 
because......... * 

Ik kan niet slapen zonder eerst.......... * I cannot sleep without first.......... * 

Na een nacht goed slapen voel ik mij.......... * After a good night’s sleep I feel.......... * 

Wat ik nodig heb om goed te slapen 
is/zijn.......... * 

What I need to sleep good is/are.......... * 

Wat me (soms) s'nachts wakker houdt 
is/zijn.......... * 

The thing(s) that (sometimes) keep me awake 
at night is/are......... * 

Ik slaap goed wanneer.......... * I sleep well when.......... * 

Mijn ideale slaap…. My ideal sleep…. 
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Samenvatting 
 

Slaap is essentieel voor ons welzijn. Het aantal mensen met slaapproblemen is echter 

aanzienlijk. Mensen ervaren problemen met in slaap vallen, doorslapen, of worden eerder 

wakker dan gewenst.  Als gevolg van deze slaapproblemen kunnen er problemen ontstaan 

in het functioneren overdag zoals zich moe en minder energiek voelen. Uit eerdere 

onderzoeken is gebleken dat slaap is gerelateerd aan vele andere gezondheidsuitkomsten. 

Zodoende kunnen slaapproblemen dienen als een eerste signaal voor andere 

gezondheidsproblemen. Slaapproblemen zullen zich echter in eerste instantie vooral 

subjectief manifesteren. Daarom is meer inzicht nodig in wat een goede nachtrust bepaald 

voor normale slapers. Tevens is het nu mogelijk om thuis de slaap langdurig te monitoren 

door de snelle ontwikkeling in apparaten en applicaties voor slaapmonitoring. De mogelijke 

effecten die deze slaaptrackers hebben op de gebruiker is echter onduidelijk. Dit 

proefschrift bestudeert deze onderzoeksvragen vanuit verschillende perspectieven waarbij 

verschillende methodologische benaderingen zijn gebruikt. 

 

In hoofdstuk 2 worden twee kleinschalige onderzoeken beschreven die het effect 

onderzoeken van het dragen van een slaaptracker en het invullen van een slaapdagboek op 

het slaapgedrag en opvattingen over de slaapkwaliteit. Voor beide studies werd vooraf geen 

doel of interventie opgesteld en ontvingen de deelnemers ook geen slaapinformatie over 

hun laatst geslapen nacht. Op basis van het reactiviteitsprincipe werden veranderingen in 

het slaapgedrag en slaapbewustzijn verwacht. De eerste studie onderzocht de effecten van 

het dragen van een slaaptracker tijdens de nachtelijke slaap. Deelnemers vulden drie weken 

lang een slaapdagboek in waarvan de laatste twee weken ook een slaaptracker werd 

gedragen. Tijdens deze drie weken werden drie interviews afgenomen om de voortgang van 

eventuele veranderingen in slaapbewustzijn en slaapgedrag te volgen. Er vonden geen 

veranderingen plaats met betrekking tot het slaapgedrag, maar deelnemers werden zich 

meer bewust van hun slaapgewoonten. Bovendien waren de deelnemers gemotiveerd om 

hun slaap te verbeteren, maar bereikten geen veranderingen door andere prioriteiten. 

Daarnaast gaven de deelnemers aan dat het toegenomen bewustzijn over hun 

slaapgewoonten waarschijnlijk te wijten is aan het invullen van het slaapdagboek en niet 

aan het dragen van een slaaptracker. Dit resultaat was aanleiding voor onze tweede studie 

waarin de mogelijke effecten van het invullen van een slaapdagboek op het slaapgedrag en 

slaapbewustzijn werden onderzocht. In het voorgaande onderzoek werd het dagboek in de 

eerste week als baseline gebruikt. In het tweede onderzoek werd het dagboek alleen tijdens 

de tweede week van de drie weken thuismonitoring ingevuld. De verwachting was 

verschillen te vinden in de actigrafie data tussen week 1 en week 2 enerzijds, en week 2 en 
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week 3 anderzijds. Er werden verschillen gevonden in de totale slaaptijd en bedtijden, maar 

deze verschillen waren te klein om te kunnen concluderen dat deze veroorzaakt werden 

door het invullen van het slaapdagboek in de tweede week. Dergelijke invloeden kunnen 

we echter ook niet uitsluiten. Bij het uitvoeren van veldonderzoek is het een uitdaging om 

onderscheid te maken tussen de vele factoren die de slaap kunnen beïnvloeden. In een 

gecontroleerde omgeving zou de onderzochte factor, zoals het effect van het invullen van 

een slaapdagboek, beter kunnen worden geïsoleerd zodat er robuustere conclusies kunnen 

worden getrokken. Tegelijkertijd kunnen deze resultaten echter minder representatief zijn 

voor werkelijke levenssituaties. Toch gaven de deelnemers opnieuw aan dat ze zich 

bewuster werden van hun slaapgewoonten maar dat door andere verplichtingen het niet 

mogelijk was om hun slaapgedrag te wijzigen. 

 

Of bovenstaande resultaten wijzigen wanneer de deelnemers slaapinformatie over hun 

voorgaande nacht zouden ontvangen, werd in hoofdstuk 3 onderzocht. De opzet van de 

studie bestond uit drie weken thuismonitoring waarbij één groep twee slaaptrackers droeg 

en dagelijks via een slaapapplicatie informatie ontving over hun afgelopen nacht 

(experimentele groep) en een tweede groep die dezelfde twee slaaptrackers droeg maar 

geen toegang had tot hun slaapinformatie (controlegroep). Deze studieopzet is 

vergelijkbaar met het onderzoek beschreven in hoofdstuk 2. De laatste fase van het 

onderzoek bestond uit een gestructureerd interview waarbij deelnemers vragenlijsten 

invulden en open vragen beantwoorden die gericht waren op het identificeren van 

slaapgedragsveranderingen en wijzigingen in het slaapbewustzijn. De verwachting was dat 

in de experimentele groep elke slaapvariabele, zoals bijvoorbeeld totale slaap tijd, zou 

verbeteren naar' betere slaap' in week 3 in vergelijking met week 1. In de controlegroep 

voorzagen we geen veranderingen in het slaapgedrag en daardoor zouden er verschillen 

waarneembaar moeten zijn in de slaapparameters tussen de groepen. Tot slot was de 

verwachting dat vooral in de experimentele groep een verhoogd bewustzijn over hun slaap 

zou ontstaan. In de interviews rapporteerden beide groepen veranderingen in hun 

slaapgewoontes en een verhoogd bewustzijn over hun slaap. Voorbeelden van 

gerapporteerde gedragsveranderingen van beide groepen waren onder meer: proberen om 

minstens 7 tot 8 uur te slapen, eerder naar bed te gaan of het hebben van meer consistente 

bedtijden. De data van de slaaptracker (objectief) gaf echter geen van deze modificaties in 

slaapgedrag weer. Geconcludeerd werd dat het ontvangen van slaapinformatie over de 

nachtelijke slaap niet tot extra veranderingen leidde. Daarnaast maakten deelnemers uit 

beide groepen zich meer zorgen over hun slaap. Daarom werd verder geconcludeerd dat 

het gebruik van slaap tracking technologie mensen bewuster maakt van hun slaap en tot op 

zekere hoogte de intentie voor een slaapgedragsverandering induceert.  



179 

In de voorgaande hoofdstukken werden de effecten van het dragen van een slaaptracker 

en het ontvangen van slaapinformatie over de afgelopen nacht op slaapgedrag en 

slaapbewustzijn onderzocht. Of mensen hun slaapgedrag of slaapbewustzijn veranderen 

hangt echter ook sterk af van de vraag of ze hun slaapkwaliteit naar tevredenheid ervaren. 

De meeste slaapvragenlijsten en dagboeken zijn gebaseerd op preklinische opvattingen 

over een goede nachtrust maar het is niet bekend wat precies bepalend is voor een goede 

nachtrust van een normale slaper. Het doel van hoofdstuk 4 was om de opvattingen en 

ervaringen over de slaapbeleving van leken te bestuderen. Door middel van een 

fenomenologische benadering wilden we de slaapervaringen van deelnemers aan het 

onderzoek begrijpen en nauwgezet weergeven. Middels een zin-aanvul-test werd data over 

zowel positieve als negatieve slaapervaringen verzameld. ‘Het functioneren gedurende de 

dag’, ‘het wakker worden tijdens de nacht’ en ‘de gemoedstoestand voor het naar bed gaan’ 

waren de meest prominente thema’s die de slaapervaringen van leken beschreven. De veel 

gebruikte slaapkwaliteitsvragenlijst PSQI behandelt niet al deze onderwerpen, en wanneer 

deze wel aan bod komen, betreft het meer de de uitersten van het slaapgedrag. Deze studie 

toonde aan dat de waargenomen slaapkwaliteit zeer divers is onder personen en er meer 

onderzoek nodig is om een goede slaapkwaliteitsmaat te ontwikkelen die rekening houdt 

met verscheidende facetten van de slaapbeleving en de individuele verschillen.   

 

Bovendien hebben eerdere studies, naast de effecten van slaapmonitoring, een matige 

relatie waargenomen tussen objectieve slaapvariabelen en de waargenomen 

slaapkwaliteit. Toekomstige psychometrische maten van de waargenomen slaapkwaliteit 

kunnen pas worden opgesteld wanneer de relatie tussen objectieve slaapvariabelen en 

waargenomen slaapkwaliteit beter begrepen wordt. Als dat het geval is zouden verschillen 

tussen deze twee methoden hierdoor beter verklaard kunnen worden. Daarom is besloten 

om verschillende aanpakken in het analyseren van bovengenoemde relatie te onderzoeken. 

Hoofdstuk 5 beschrijft het onderzoek naar de associatie tussen objectieve slaapparameters 

en waargenomen slaapkwaliteit. Daarnaast hebben we onderzocht of de relatie sterker 

wordt wanneer rekening wordt gehouden met de verschillen tussen opeenvolgende 

nachten. Een bestaande dataset die onder andere polysomnografie opnames en een 

slaapervaringslijst van twee nachten bevatte, werd gebruikt om beide onderzoeksvragen te 

onderzoeken. De subscore Sleep Quality was het sterkst gecorreleerd met slaap-efficiëntie 

en de totale wakker tijd gedurende de nacht.  De gevonden correlaties waren echter laag 

tot matig en iets hogere correlaties werden waargenomen wanneer rekening wordt 

gehouden met de variabiliteit tussen de nachten. Geconcludeerd werd dat de relatie tussen 

objectieve slaapparameters en de waargenomen slaapkwaliteit matig is. Voor meer inzicht 

in bovengenoemde relatie is meer onderzoek nodig dat meerdere nachten omvat. 
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Op basis van de resultaten in hoofdstuk 5 en doordat eerdere onderzoeken naar de relatie 

tussen objectieve slaapvariabelen en waargenomen slaapkwaliteit meestal transversale 

studies waren, onderzochten we in hoofdstuk 6 de determinanten van waargenomen 

slaapkwaliteit met een longitudinale slaapstudie. Gedurende twee weken droegen 

deelnemers een actigraaf en vulden een slaap- en waakdagboek in. Eerst hebben we 

onderzocht of de slaapvariabelen op basis van actigrafie of zelfrapportage (dagboek) meer 

indicatief waren voor de waargenomen slaapkwaliteit. Als tweede is het zelf 

gerapporteerde slaapmodel uit de eerste stap verder uitgewerkt om andere parameters die 

van invloed kunnen zijn op de waargenomen slaapkwaliteit mee te kunnen nemen, zoals de 

ervaren stress overdag en voor het slapen gaan, het welbevinden overdag, aantal dutjes en 

de slaapmetingen van de voorgaande nacht. De resultaten tonen aan dat de waargenomen 

slaapkwaliteit hoofdzakelijk wordt bepaald door zelf gerapporteerde slaapparameters en 

niet actigrafie-gebaseerde slaapvariabelen. Daarnaast waren de variabelen ‘het aantal keer 

wakker worden tijdens de nacht’ en de ‘totale slaaptijd van de voorafgaande nacht’ de 

sterkste voorspellers van de waargenomen slaapkwaliteit voor afgelopen nacht (allemaal 

zelf gerapporteerd). Ten slotte werd vastgesteld dat de variabiliteit binnen een persoon 

groter was dan de variabiliteit tussen personen, wat erop wijst dat de variantie in het 

verklaren van de waargenomen slaapkwaliteit vooral bepaald wordt door de variatie tussen 

nachten van één persoon. 

 

Na het voorgaande onderzoek bleven er nog enkele vragen over wat betreft de relatie 

tussen objectieve slaapparameters en waargenomen slaapkwaliteit, bijvoorbeeld of de 

heterogeniteit van de 'normale slapers groep' kon worden verminderd. Hoofdstuk 7 

beschrijft een onderzoek waarin we met behulp van een verkennende clusteranalyse, 

subtypes van normale slapers hebben bepaald op basis van de tijdsevolutie van de 

waargenomen slaapkwaliteit. Data uit hoofdstuk 6 is opnieuw gebruikt voor dit onderzoek. 

Twee groepen binnen de normale slapers konden worden geïdentificeerd, een groep met 

een normale gemiddelde waargenomen slaapkwaliteit en een groep met een constant lage 

gemiddelde waargenomen slaapkwaliteit. De groepen verschilden duidelijk op een aantal 

slaapparameters: slaapefficiëntie en de totale wakkere tijd gedurende de nacht objectief, 

en op de zelf gerapporteerde variabelen totale slaaptijd, de totale wakkere tijd gedurende 

de nacht, de slaaplatentie en het aantal keer wakker worden gedurende de nacht, maar er 

konden geen merkwaardige tijdspatronen worden onderscheiden. In de toekomst zou een 

lage waargenomen slaapkwaliteit kunnen dienen als een signaal om een preventie te 

starten om het ontwikkelen van een slaapstoornis of een ander gezondheidsprobleem 

tegen te gaan.   
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Het werk dat in dit proefschrift is gepresenteerd heeft geleid tot nieuwe inzichten op het 

gebied van slaapmonitoring. Het zelf monitoren van de slaap met slaaptrackers kan leiden 

tot verhoogde slaapbewustzijn en tot op zekere hoogte veranderingen in het slaapgedrag. 

Bovendien wordt de waargenomen slaapkwaliteit beter verklaard door de slaapvariabelen 

over meerdere nachten van een persoon mee te nemen.  Ten slotte waren slaapcontinuïteit 

(kwantitatief), stress voor het slapen gaan en het gevoel van energie gedurende de dag 

(kwalitatief) de sterkste factoren die de slaapkwaliteit bepaalden. De waargenomen 

slaapkwaliteit is echter een specifiek verschijnsel en moet daarom met voorzichtigheid 

worden geïnterpreteerd. Wanneer slaaptrackers nauwkeuriger zijn, beter op de gebruiker 

afgestemd en van andere opties worden voorzien, kunnen de slaaptrackers ter 

ondersteuning dienen voor interventies om de slaapkwaliteit te verbeteren.  
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