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Abstract 

The present study was executed at Philips Research in the context of a broader sleep 

enhancement project that attempts to improve sleep through technica! solutions. The 

purpose of the present research was to tind out which aspects of sleep determine how 

people experience their sleep and how people perform and feel during the day. Future 

sleep enhancement interventions can then be directed towards these specitic aspects. 

Twenty-four participants took part in the study which lasted one week. Each 

morning the participants tilled in a sleep diary. During the night participants wore a so 

called sensewear device which also assessed sleep. Eight times a day a mood survey was 

tilled in on a PDA which the participants took with them during the day. After awakening 

participants also did a short memory task assessing their cognitive performance. 

The independent variables were overall subjective sleep quality and several sleep 

variables (like total sleep time, number and duration of awakenings and sleep onset 

latency), each measured in two ways: by means of the sleep diary (subjective measures) 

and by means of the sensewear (objective measures). The dependent variables were 

performance, social interestand six bipolar mood items (tired-awake, content-discontent, 

agitated-calm, full of energy-without energy, unwell-well and relaxed-tense), which were 

averagedover the day. Also the relationship between the sleep variables and overall sleep 

quality is examined. The Mixed Linear Model procedure was used to analyze between

,and within-subjects effects at the same time. 

No between-subjects relationships were found between the sleep variables and 

overall sleep quality. Within-subjects analyses showed that all of the subjective sleep 

measures were related to sleep quality and these subjective measures were more 

important than their objective counterparts. When looking at the influence of sleep on 

mood, several relationships were found between the sleep variables and mood, between

subjects as well as within-subjects. Subjective sleep measures had the largest effects and 

the most effects were found within-subjects. However, the independent contribution of 

the sleep variables and the way in which they may interact is not clear yet. Further, no 

relationships were found between sleep and social interest and between sleep and 

performance. 
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1. Introduetion 

The current project investigates the relation between sleep quality and quantity on 

the one hand and experienced mood and performance on the other. It is executed at 

Philips Research in the context of a broader sleep enhancement project that attempts to 

understand and improve sleep through technica! solutions. 

In order to know what aspects of sleep should be improved, it should be examined 

what the consequences of the different aspects are for the evaluation of sleep and daytime 

experiences. In fact it is known from literature that sleep deficiency ( quantity as well as 

quality) has a number of negative daytime consequences. It has an impact on cognitive 

functioning, physical activities, social interest and mood and emotions. The focus of the 

current study will mainly be on the relationship between sleep and mood and to a lesser 

extent on the relationship between sleep and cognitive performance. If it is known which 

aspects of sleep determine how people experience their sleep and how people feel during 

the day, interventions can be directed towards these specific aspects. 

First, existing research about the relationship between sleep and mood and the 

relationship between sleep and performance is described. It is also explained how sleep, 

mood and performance are measured. In the next chapter the rationale and opportunities 

for the present research are discussed, and the research questions and hypotheses are 

given. Subsequently, the metbod and results of the present study will be presented. 

1.1 The relationship between sleep and mood 

In the next paragraphs, the relationship between sleep and mood is explored. There is no 

focus on specific aspects of sleep or of mood. Instead, a broad overview of possible 

relationships is given. 

1.1.1 A short introduetion to mood 

Before the relationship between sleep and mood is explored, we will frrst briefly explain 

what is meant by mood. 

According to Gray and Watson (2007) affect is a more general label to indicate 

how people feel mentally, including mood and emotions. They distinguish trait affect 
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(how someone generally feels, the tendency to experience particular affective states) from 

state affect (how someone feels at the moment, the experience of moods and emotions 

which fluctuate ). Within state affect, emotions can be distinguished from moods, with 

moods being more stabie than emotions. Moods can last as long as hours, or even days; 

emotions on the other hand, last for seconds or minutes at most. Real emotions only 

occur very rarely. Additionally, an emotion bas a direct cause: a specif!c event or moment 

that triggers the emotion. In the case of mood, there is no such direct reference to a 

specific event or person that should have caused it. For example, a short intense state of 

anger can be experienced for a certain reason, while one may feel annoyed or bad

tempered more often and for a longer period of time. 

Not everyone uses the same definition of affect and mood. For example, McCrae 

et al. (2008) statethat affect "is the temporal (state) portion ofhuman emotionallife" and 

that it is "frequently referred to as mood" (p. 43). In the present research the more stabie 

part of state affect, which may be influenced by momentary emotions, is meant when 

talking about mood. 

1.1.2 Sleep and mood in experimental research 

In experimental sleep research, in which sleep factors are explicitly manipulated, quite 

large effects of poor sleep on mood have been found in healthy participants. For example, 

even one night of total sleep deprivation bas an effect on mood (Franzen, Siegle, & 

Buysse, 2008). In this study by Franzen et al. (2008), 29 healthy participants (between 21 

and 30 years old) took part, and they were randomly assigned to one of two conditions. 

The participants in the first condition had to stay awake for the whole night, and the 

participants in the other group were allowed to sleep. The next day, both groups were 

given self-report measures of affect and mood. Compared to participants that were 

allowed to sleep, participants that were sleep deprived had a lower score on the positive 

affect scale of the Positive and Negative Affect Schedule and a higher score on a V AS 

scale that was constructed to measure negative mood. 

Mood is also affected by partial sleep deprivation (PSD) or sleep restriction. 

Haack and Mullington (2005) let participants sleep in a sleep laboratory for 8 or 4 hours 

per night during 12 nights. During waking periods, participants' mood was assessed 
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every two hours, by means of rating 108 adjectives. Adjectives were, among others, taken 

from the Deactivation-Activation Adjective Checklist (AD-ACL) and the Profile of 

Mood States. A factor analysis revealed 4 factors: optimism-sociability, tiredness-fatigue, 

anger-aggression and bodily discomfort The daily mean mood scores were compared 

between the 4- and 8-hour sleep conditions. Sleep restricted participants scored lower on 

optimism-sociability and higher on the other scales than participants who were allowed to 

sleep 8 hours every night. These results indicate that persons who slept less, were in a 

worse mood. The differences in optimism-sociability and tiredness-fatigue were 

significant after only 1 or 2 nights of sleep restriction; the other effects took a little longer 

to become significant (3 or 4 nights). More effects of (partial) sleep deprivation can be 

found in review articles like the one by Durroer and Dinges (2005) and in meta-analyses 

as done by Pilcher and Huffcutt (1996). 

Effects of sleep disroption have been tested by Bonnet (1986). In this experiment, 

12 young adult subjects stayed in a sleep laboratory for 4 nights. After one baseline night, 

two experimental nights followed, in which the participants experienced on average 59 

brief disturbances of sleep at 10 minute intervals. Direct after a waking in the morning, 

they were given a couple of tests. One of these was the Clyde Mood Scale, which consists 

of the subscales friendly, aggressive, clear thinking, sleepy, unhappy and depressed. 

Significant differences between the baseline and experimental nights on the scales 

sleepmess and clear thinking indicated that subjective functioning was worse after sleep 

disruption. 

1.1.3 Sleep and mood in field research 

In real life, healthy people will seldom experience such serious threats to sleep as total 

sleep depri va ti on, sleep restricted to 4 hours a night, or being wo ken up every 10 minutes. 

However, they seem to experience comparable threats in milder forms. For example, 

Jean-Louis, Kripke and Ancoli-Israel (2000) describe the decline in average sleep 

duration in the last forty years, from more than 8 hours per night to just above 6. This 

amount of sleep falls between the two conditions created by Haack and Mullington 

(2005), and the question is what 6 hours of sleep will do to people's mood. So, we are 
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especially interested in the effects these and other contemporary threats tosleep (the ones 

that occur in daily life) have on mood in normal healthy people. 

Unfortunately, a large part of the field research in which the effects of sleep on 

mood are studied, does not focus on healthy people but, for example, on depressed 

persons (Mayers, van Hooff, & Baldwin, 2003) or insomniacs (Buysse, et al., 2007; 

Varkevisser, van Dongen, van Amsterdam, & Kerkhof, 2007). With respect to non

laboratory studies and healthy persons, only little literature is available. 

Oginska and Pokorski (2006) studied fatigue and mood correlates of sleep length 

and included participants from 3 age groups in their study: school children, university 

students and young adult employees (30-45 year old). They asked them several questions 

about their sleep need and general sleep duration. A sleep index was computed by 

dividing the sleep duration by the sleep need. In this way, individual differences in sleep 

need are taken into account. Furthermore, participants were asked to indicate, on a 4-

option scale, how often they experienced 15 symptoms of fatigue. Four negative mood 

items were included in this list. These were apathy, irritability, tension, and nervousness. 

For adult employees, no significant relationships were found between the sleep measures 

and negative mood. For both children and students the sleep index was negatively 

correlated with negative mood, indicating that sleep need fulfilment relates to a better 

mood during the day. 

A drawback of this study by Oginska and Pokorski (2006) is, that they only 

included ratings of general sleep and mood at one moment of measurement, and they did 

not take possible day to day within-subject variability in sleep and mood into account. 

The National Sleep Foundation (NSF, 2002) conducted similar research by means of the 

2002 "Sleep in Am erica" poll. More than 1000 persons were interviewed regarding their 

sleep habits, their daytime performance, activities and mood and the likelihood of certain 

behaviours after inadequate sleep. The majority of respondents ( 64 %) indicate that they 

are more likely to be impatient after inadequate sleep and 44 % indicate that they are 

more likely to have difficulty getting along with others. Furthermore, mood and attitudes 

on a general day were rated onseven 5-point scales. The scales were: prefer to be alone

seeking social interaction; stressed - relaxed; tired - full of energy; pessimistic -

optimistic; dissatisfied with life - satisfied with life; sad - happy; and angry - peaceful. 
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Strangely enough the social interest scale was not included in any further analyses. The 

answers to the other six scales are described in relation to sleep duration, daytime 

sleepmess and sleep disorders. It is concluded that the Jonger people sleep on weekdays, 

the more likely they are to have a very positive or positive mood score. Next, people who 

in general sleep less than six hours on weekdays are more likely to be tired, sad, stressed 

or angry. People that get more that 8 hours of sleep on a weekday are more likely to be 

optimistic and satisfied with life. A drawback of this study is that insomniacs and healthy 

people are included in the same sample. It may be the case that people that sleep less are 

also the ones that suffer from insomnia or other (sleep related) disorders. Just like 

Oginska and Pokerski (2006), the National Sleep Foundation measures only at one 

moment in time and people are asked to indicate their general sleep habits and overall 

moods. 

All in all, these results only tell us that people who in general are better ( or 

Jonger) sleepers, also generally feel better. It does not tell anything about the day-to-day 

variatien in sleep and a probable relationship to mood, within a single person. In that 

case, no averaged or long-term, but short-term measurements of sleep and mood are 

needed. Sleep of a specific night then can be related to mood during the next day. When 

data is collected for more than one night and day combination, individual differences (for 

example in sleep need) are taken into account. In this way it can be studied whether a 

person feels better during a day that follows a better night of sleep. 

Daily associations between sleep and mood 

Only a few studies examine such daily associations between sleep and mood. One of the 

earliest was done by Berry and Webb (1985), who studied older women (56-66 years 

old). This was not really a field study, because these women had to sleep in a sleep 

laboratory for four nights, on which electroencephalographic (EEG) recordings were 

made. At 10:30 PM subjects rated their mood by means of the Lorr Mood Test and at 

11:00 PM they were putto bed. During the day they were allowed to retain their normal 

working schedule. From the EEG recordings, 18 sleep variables were derived. Some of 

these variables were: sleep efficiency (% bedtime asleep ); ·sleep onset latency; the 

number of minutes spent awake after sleep onset; number of awakenings; longest 
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awakening and total sleep minutes. The other variables involved sleep stages, which are 

only measurable by means of advanced measures like EEG. The correlations between 

these 18 variables and the eight factors of the mood scale ( cheerful, energetic, angry, 

anxious, depressed, inert-fatigued, thoughtful and composed) were computed. Berry and 

Webb (1985) found 22 relations between mood and previous nights sleep. However, 

when they introduced the additional demand that correlations should he significant for 

more than one night, only two sleep variables remained. Sleep efficiency was related to 

anxiety and latency to first rapid eye movement (REM) period was related to 

cheerfulness, anxiety and energy. 

Totterdell, Reynolds, Parkinson and Briner (1994) also studied daily associations 

between sleep and mood, but in a slightly different way. Their subjects (14 rnales and 16 

females, aged between 20 and 59) were tested at home for two weeks. In contrast to 

Berry and Webb (1985), Totterdell et al. (1994) only used a sleep diary for measuring 

sleep. Participants answered questions about their previous night's sleep each morning. 

The researchers derived the following measures from this diary: sleep onset latency, 

number of awakenings, sleep quality, sleep onset, sleep offset and sleep duration. During 

wake time, subjects rated their mood every two hours by means of a visual analog scale. 

Four scales were used, each existing oftwo unipolar items: energetic arousal (alert, tired), 

hedonic tone ( cheerful, depressed), tense arousal ( calm, tense) and engagement (involved, 

disinterested). Also a list of symptoms and two questions about the social interaction 

experience were included. The mood scores were averagedover the day, in order to get 

one data point per participant per day. Subsequently, each of the sleep variables was 

regressed on each of the dependent variables separately, tagether with some control 

variables (like alcohol consumption and day of the week). This was done because the 

sleep parameters were non-independent. McCrae et al. (2008) also encountered this 

problem in their research. Because they only included 3 sleep variables into their 

analyses, it was relatively easy for them to isolate the unique components of these 

variables, so they included all of them tagether in their analyses. Totterdell et al. (1994) 

did not do this and they found that cheerfulness, alertness, involvement and need for 

more time alone were all related to sleep of the prior night. Especially subjective sleep 

quality, sleep onset time and frequency of awakenings were important, each being 
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associated with at least three of the dependent variables. McCrae et al. (2008) studied 116 

older adults for 14 nights, and they found that positive affect as well as negative affect 

(both measured in the moming by means of the Positive Affect and Negative Affect 

Schedule (PANAS)) were related to the subjective rating of 'total unwanted awake time 

in bed' ofthe prior night and, toa lesser extent, toa general sleep quality rating. 

Summary 

All in all, several sleep-mood researches exist: experimental research and field research. 

In experimental research, quite strong relationships between sleep duration or sleep 

fragmentation and mood have been found. In field research also effects of sleep on mood 

have been found. Most of the research had a between-subjects design, so no causal 

relationships between sleep and mood could be established. The most important 

independent variabie was general total sleep time. Some researchers investigated the 

more interesting within-subjects day-to-day associations between sleep and mood. 

General subjective sleep quality and frequency and duration of awakenings seem to be 

important independent variables in this last relationship. 

1.2 Assessment of sleep 

In the study by McCrae et al. (2008) the 'total unwanted awake time in bed' was not only 

assessed subjectively, but also objectively, by means of 'actigraphic measurements'. An 

actigraph is a watch-like device, which contains an accelerometer. Estimations of sleep 

and wake states are based on activity levels measured by this actigraph (Sadeh & Acebo, 

2002). It is hard to say sarnething with respect to validity of actigraphy in general, 

because a lot of different actigraphs are available, and those all have different sensitivities 

and all use their own scoring algorithm (Sadeh & Acebo, 2002). Besides, most validation 

studies are conducted under controlled circumstances in laboratories, while most research 

is conducted in participants' homes. Especially if one is interested in the precise timing of 

sleep and wake cycles or precise durations to sleep onsets, actigraphy is probably not the 

best metbod to use (Sadeh & Acebo, 2002). Also when sleep efficiency and the number 

and duration of nightly awakenings are to be measured, the specific device that is used 

should be chosen carefully. All in all, actigraphy is somewhat less accurate when 
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compared to polysomnography (PSG), but on the other hand, it is far less expensive as 

wen (Tryon, 2004). So, if it is not possible to use PGS measures, actigraphy may be a 

suitable altemative, depending on the design and the needs of the study. Though, in an 

cases, logs should be used to register bedtimes and rise times (Sadeh & Acebo, 2002; 

Try on, 2004 ). 

Next a comparison can be made between these objective measures of sleep ( either 

PSG or actigraphy) and subjective measures of sleep (a sleep log or sleep diary kept by 

the participant). Some researchers indicate that subjective estimates of sleep length 

correlate highly with PSG measurements (Totterden, et al., 1994). However, others state 

that subjective and objective measurements are often poorly correlated within individuals 

(as cited in McCrae, et al., 2008; van den Berg, et al., 2008). 

As a result of these differences between objective and subjective indicators of 

sleep, the relationships that were found between sleep and mood may depend on the 

metbod that is used to measure sleep. For example, Berry and Webb (1985) only included 

objective measurements and did not find a lot of significant relationships. Totterden et al. 

(1994) only included subjective measurements and they did find a lot more associations 

between sleep and mood. Of course there were more differences between their studies 

and these may have caused this difference in results as wen, but at least it is remarkable. 

It is even more remarkable because McCrae et al. (2008) included both a subjective and 

an objective measure, and only found effects of the subjective one. So it seems that the 

subjective experience of certain sleep measures is more related to mood on the 

subsequent day than objectively measured sleep factors. 

Besides subjective and objective measures of the sleep pattem, often a subjective 

rating of overan sleep quality is included in the analyses. This self-rated sleep quality 

appears to be related significantly to mood as wen (McCrae, et al., 2008; Totterden, et 

al., 1994). At the sametime it is not very clear what subjective sleep quality reany means. 

It is negatively correlated with 'total unwanted awake time in bed' (McCrae, et al., 2008) 

and with activity during sleep (Dirkx & Verhaegen, 1990, as cited in Totterden, et al., 

1994). In other research, subjective sleep evaluation is found to be related to objective 

(PSG) measures of depth of sleep (Keklund & Akerstadt, 1997; Riedel & Lichstein, 

1998). Other results are not consistent. In some research, effects are found of sleep onset 
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latency, but not of sleep efficiency and wake time after sleep onset (Riedel & Lichstein, 

1998). However, other researchers did find effects of sleep continuity, but did not find 

effects of sleep onset latency (Keklund & Akerstadt, 1997). More research on this topic 

seems to be needed, to campare the contribution of the different subjective and objective 

sleep measures. 

Van den Berg et al. (2008) advise to use multiple measures, toperfarm analyses 

with both and to examine the consistency of the results. This is exactly what McCrae et 

al. (2008) did, but a drawback of their study is that bes i des overall sleep quality, only one 

sleep measure (total unwanted awake time in bed) is included. 

1.3 Assessment of mood 

Not only the assessment of sleep varies widely between the different studies, also the 

assessment of mood is done in several ways. From paragraph 1.1 it is has become clear 

that a lot of mood scales and mood questionnaires are available. Also differences exist in 

the number of measurements per day and the moment of measurement. 

1.3 .1 How to measure 

A great variety of self-report measures of affect exist. For several scales it can be 

determined whether state or trait affect is measured, by changing the formulation of the 

questions ('indicate how you feel right now' or 'indicate how you feel generally'). 

Three scales have been used in research which relates mood to sleep (in paragraph 

1.1) and are listed in an overview ofmood scales by Gray and Watson (2007). The first 

one is the Profile of Moods States (POMS). It consists of 65 adjectives that must be rated 

on a 5-point scale. The POMS consists of 6 factors: anger-hostility, vigor-activity, 

fatigue-inertia, confusion-bewilderment, tension-anxiety and depression-dejection. 

The second one is a shorter scale that focuses on dimensions instead of on 

distinctive factors. The Activation-Deactivation Adjective Checklist, AD-ACL, (Thayer, 

1978a, 1978b, 1989) consists of 20 items which measure four factors which in turn can 

be reduced to 2 higher order dimensions. The first dimension is energy-tiredness, and the 

factors that make up this dimension are general activation (energy) and deactivation

sleep. The second dimension is tension-inactivation which is comprised of high activation 
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and general deactivation ( calmness ). These dimensions come together with the 

dimensions of positive and negative affect respectively, as measured by the third scale, 

the Positive and Negative Affect Schedule, P ANAS (Yik, Russen, & Feldman Barrett, 

1999). Just like the Activation-Deactivation Adjective Checklist, the Positive and 

Negative Affect Schedule consists of 20 items. Pure positive affect is measured by 10 

items like active and enthusiastic. Pure negative affect is also measured by 10 items, for 

example upset and afraid. Also see Figure 1, which is adapted from Yik et al. (1999), 

figure 5. 

Custom made scales 

In some cases, even relatively short scales like PANAS and AD-ACL take too much time 

to be fined in. Examples are studies in which an electronic device (like a pocket pc) is 

used to measure mood several times a day, in non-laboratory settings (Parkinson, Briner, 

Reynolds, & Totterden, 1995; Totterden, et al., 1994; Wilhelm & Schoebi, 2007). 
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In these studies, only a limited number of mood items should he used, to minimize the 

effort that is needed from participants (Hektner, Schmidt, & Csikszentmihalyi, 2007), and 

therefore researchers often construct shorter scales themselves. 

Totterden et al. (1994) selected a positive and a negative item from the three 

dimensions of mood identified in the University of Wales Institutue of Science and 

Technology Mood Adjective Checklist (UMACL). The items were alert and tired from 

the dimension energetic arousal, cheerful and depressed from the dimension hedonic tone 

and calm and tense from the dimension tense arousal. They also added an extra 

dimension: engagement. So 8 unipolar items were used to measure mood, and all were 

rated along a 20-pont visual analog scale (V AS). 

Also Parkinson et al. (1995) used 8 unipolar items and a 20-point VAS to measure 

mood. They chose four positive affect adjectives ( cheerful, alert, calm, involved) and four 

negative affect adjectives ( depressed, tired, tense, disinterested) and referred to their 

scales as positive affect and negative affect. In their choice for items, they 'tried to cover 

a relatively broad range ofrecently suggested mood dimensions' (p.333). In both studies, 

no validated questionnaire was used, but items were selected from larger scales. 

More recently, Wilhelm and Schoebi (2007) recognized a need for a sensitive and 

reliable measure to use with electronic experience sampling. In their article, they refer to 

the three dimensions that are also mentioned by Totterdell et al. (1994), although 

Wilhelm and Schoebi (2007) call them energetic arousal, valenee and calrnness. They 

mention some scales that can be used to measure these dimensions, like the UMACL 

(called UWIST Mood Adjective Checklist intheir paper) and a German-language scale 

called Multidimensional Mood Questionnaire. It is the last scale from which they chose 

the items to include in their study. They chose six bipolar items to represent the three 

dimensions. The 6 items were: tired-awake, full of energy-without energy, content

discontent, unwell-well, agitated-calm and relaxed-tense. 

During one week, almost 100 participants rated their mood four times a day. 

Basedon the collected data, Wilhelmand Schoebi (2007) conclude that reliability oftheir 

scale is quite good, but that criterion validity should still be demonstrated. 

All in all, these three studies focus on a limited number of items that still represent 

some basic dimensions of mood. At least the dimensions that are measured by well-
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known scales like the P ANAS and AD-A CL are included. In two studies an extra 

'valence' dimension is included. 

Experience Sampling Methad 

One metbod that can be used to measure mood several times a day, is called the 

Experience Sampling Method. This metbod is used to study the naturallife of people, and 

participants are asked to respond to repeated assessments over the course of the day, 

while they areintheir natural environment (Scollon, Kim-Prieto, & Diener, 2003). In this 

way a lot of information can be collected about the context and the content of the 

experiences people have (Hektner, et al., 2007). At random time intervals, participants 

are prompted to complete a self-report measure. When random moments are used instead 

of pre-defined time intervals, participants are not able to anticipate the prompts, so no 

expectancy effects will occur (Hektner, et al., 2007; Scollon, et al., 2003). 

Nowadays ESM is often implemented on electronic devices, like Personal Digital 

Assistants (Hektner, et al., 2007), although it is still possible to use paper and pencil 

versions. When electronic devices are used, the timing of answers is better controlled. 

Time stamps are given to the data, so it is exactly known when the responses are entered. 

Different Experience Sampling software is freely available to the public. The 

Experience Sampling Program by Feldman Barrett and Barrett (Feldman Barrett & 

Barrett, 2001) is probably the best known. It is implemented on palmtop computers. Only 

recently other programs have become available. An example is MyExperience, which is 

Windows based and developed to run on mobile pbones (Froehlich, Chen, Consolvo, 

Harrison, & Landay, 2007). It can be used for collecting subjective and objective data 

and the options for data colleetien are quite exhaustive. Though, it is possible and quite 

easy to just use the functions that are needed for simple ESM, like prompting participants 

at random intervals to fill in a survey. The software can be easily adapted toone's needs 

by changing an XML file. 

1.3.2 When to measure 

As mentioned briefly before, mood is not always measured at the same time. Sametimes 

only one moment per day is chosen, for example in the moming (at awakening) (McCrae, 
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et al., 2008) or in the evening (Berry & Webb, 1985) and participants are asked how they 

feel at that moment. Instead of one measurement on a specific moment, it is also possible 

to assess the mood of a whole day. Parkinson et al. (1995) explain that in this case, often 

participants are asked to rate their mood of the entire day at one moment in the evening, 

by a question like 'How have you been feeling today, in general?'. It is also possible to 

use multiple measurement each day and ask a question like 'How are you feeling at this 

moment' (see also Feldman Barrett, 1997; Hedges, Jandorf, & Stone, 1985). 

So, mood can be measured in several ways: once a day, for that specific moment; 

once a day for the entire day; and more times a day for specific moments. In the next 

paragraphs, several methods are discussed .. 

Diurnal variations of mood 

Mood is not necessarily stabie for the course of the day. Especially energy and tiredness 

related ratings change (Buysse, et al., 2007; Haack & Mullington, 2005; Scott, 

McNaughton, & Polman, 2006; Wilhelm & Schoebi, 2007). Tiredness is highest at 

awakening and at the end of the day, for energy the opposite is true. Also for optimism

sociability diumal variation is found. The lowest values are found at awakening and at 

the end of the day (Haack & Mullington, 2005). Buysse et al. (2007) also found 

variations in positive mood and negative mood, but the pattem was not consistent with 

what Haack and Mullington (2005) found. Good sleepers reported the most positive 

mood at the beginning and at the end of the day. During the day their negative mood 

became less negative. For people that suffered from primary insomnia, the pattem for 

positive and negative mood was just the opposite. Thus, researchers agree that mood 

changes over the course of the day, but the direction of these changes is less consistent. 

Besides this diumal variation, mood can also change depending on the situation people 

are in, for exampling after conflict situations or activities with friends (Wilhelm & 

Schoebi, 2007). So especially in case mood is measured in people's natural environment, 

fluctuations are to be expected. Because of this, it is the question whether one assessment 

of current mood is the right measure, when one wantstorelate sleep to daily mood (also 

see Hedges, et al., 1985). In this case it might be better to use one or multiple mood 

measurements to assess mood ofthe entire day. Then a next question arises: is it better to 
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use one retrospective questionnaire at the end of the day or to ask for momentary mood 

ratings several times during the day (and derive insome way a daily score from these)? 

Retrospective or momentary assessment 

One drawback of retrospective mood assessment is that participants have to rely on their 

memory (Parkinson, et al., 1995; Scollon, et al., 2003) and should reconstruct their 

moods ofthat day to give a correct response to the mood items (Feldman Barrett, 1997). 

This process may be distorted in a couple of ways. First, if people do not remember their 

mood very well at the end of the day, they may give more positive answers, because it 

makes them feel better or because of social desirability (Parkinson, et al., 1995). Further, 

more intense and longer lasting moods may be remembered better, and these moods are 

reflected in the daily mood ratings (Feldman Barrett, 1997; Parkinson, et al., 1995). Also 

the most recent moods play a significant role in daily mood ratings. The results of the 

study by Parkinson et al. (1995) indicate that peak mood and current affective state both 

influence retrospective mood summaries and that daily reports are more positive than the 

averaged momentary ratings over the same period. However, Parkinson et al. (1995) also . 
conclude that their results suggest that accuracy of memory for affect is better than bas 

been thought before. Also daily mood ratings are closely related to averaged momentary 

mood. So, if momentary ratings are averaged over the day, one mood rating for that day 

could have been used instead. 

An advantage of momentary ratings is that a lot more information is available. 

Also the peaks and most recent moods are known. Standard deviations can be computed 

as well, and mood during certain parts of the day (moming, evening for example) can be 

averaged and compared. Totterdell et al. (1994) both look at the effects of sleep on 

within- day standard deviation (variability of well-being) and at time of day effects of 

sleep onset time on cheerfulness, alertness and the need for more time alone. These kinds 

of analyses are not possible when only one retrospective measurement score is available. 

1.4 The relationship between sleep and cognitive performance 

Not only mood is often related to several sleep factors. Beyond mood, a lot of researchers 

also try to associate sleep with performance (Pilcher & Huffcutt, 1996). For an overview 
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of the research that has been done in this field, see the review artiele by Dunner and 

Dinges (2005) and the meta-analysis done by Pilcher and Huffcutt (1996). 

1.4.1 Sleep and cognitive performance in experimental research 

Virtually all of the sleep and performance research is conducted in a laboratory setting 

and the largest part of the existing literature focuses on the effects of sleep deprivation on 

cognitive performance (Bonnet, 1986; Dunner & Dinges, 2005; Pilcher & Huffcutt, 

1996; Scott, et al., 2006; Taylor & McFatter, 2003). A lot of different cognitive 

performance measures have been used. Dunner and Dinges (2005) reviewed the literature 

on this topic and summarize the effects of sleep deprivation on cognitive performance. A 

few of the effects that they mentioned are: response time slows; both short-term reeall 

and working memory performances decline; reduced leaming (acquisition) of cognitive 

tasks; performance requiring divergent thinking deteriorates; increased compensatory 

effort is required to remain behaviarally effective; and tasks may he begun well, but 

performance deteriorates as task duration increases. A couple of articles also report 

effects of sleep restrietion (Banks & Dinges, 2007) and of sleep fragrnentation (Bonnet, 

1986) on cognitive performance, also measured in laboratory settings only. 

1.4.2 Sleep and cognitive performance in field research: a working memory task 

What was true for most ofthe sleepand mood research is valid for almost all ofthe 'sleep 

and performance' research: the effects are found after large violations of good sleep. 

Only one study has been found in which adult participants' performance is tested under 

daily life circumstances (Varkevisser, et al., 2007). In this study, insornniacs are tested 2 

times a day aftera poor, a moderate and a good night of sleep and also compared to a 

sample of healthy controls. A self constructed performance test battery (V arkevisser & 

Kerkhof, 2003) is used. It is especially developed for use on a palmtop computer and 

consists of three performance tasks. These tasks are used to measure perceptual, 

cognitive, and motor processes and consist of a vigilance test, a working memory test, 

and a choice-reaction time test respectively. As appears from the review by Dunner and 

Dinges (2005), working memory performance declines after sleep deprivation. 
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In the studies by Varkevisser and Kerkhof (2003, 2005) and Varkevisser et al. 

(2007) working memory performance was assessed by a 2-back memory task (Cohen, et 

al. , 1997). In a 2-back memory task 100 letters (Cohen, et al. , 1997) or digits 

(Varkevisser & Kerkhof, 2003 , 2005; Varkevisser, et al. , 2007) are presented. Each letter 

or digit is presented for 500 ms, foliowed by a response interval of 2500 ms. The target 

(ofwhich there are 30) is any digit or letter that is identical to the one that was presented 

two trials back (see Figure 2). The participant has to respond to each letter or digit with 

'yes' or 'no ' , as fast as possible. It takes five minutes to complete the task. This task is 

said to be sensitive to sleep loss (Smith, McEvoy & Gevins, 2002, as cited in Durroer & 

Dinges, 2005). Steenariet al. (2003) used a similar task (their stimuli were reetangles that 

were located in one of the four corners of the screen, insteadof letters or digits) with 6-13 

year old schoolchildren and found effects of sleep efficiency and sleep onset latency on 

the number of items answered correctly. 

In contrast with this research and in contrast with their expectations, V arkevisser 

et al. (2007) did not find any statistically significant differences between the insomniacs 

(regardless of sleep quality) and the controls. This was true for accuracy as well as for 

reaction times. A few explanations are given for this. One explanation is that in their 

daily life, insomniacs are able to mask the effects of sleep on their performance, for 

example by exerting additional compensatory effort. In addition, the participants were 

allowed to choose their own measurement moment within quite a large time span ( once 

between 9.00 AM and 12.00 PM and once between 2.00 and 5.00 PM). In this way, they 

might have chosen the moment at which they felt at their best. 

2-Back target 

Figure 2: an example ofthe 2-back task 
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2. Research questions and hypotheses 

As mentioned in the introduction, it should be known which aspects of sleep are 

important factors for the evaluation of sleep and for daytime experiences, so directed 

interventions can be developed. The effects found in laboratory studies are different from 

the effects found in practice. A field study is needed to examine whether also small 

differences in sleep that occur in daily life affect how persons feel during the day. 

However, most of the field studies focus on a general relationship between sleep and 

mood: a person who in general is a better sleeper, also generally feels better. One 

problem is that no causal relationship is established in this way. It is not known whether 

sleep influences feelings during the day, feelings during the day influence sleep, or a third 

variabie may influence both sleep and feelings. To examine this causality in a field study, 

a within-subjects design is needed, in which day-to-day associations between sleep and 

mood are assessed. In this way, also individual differences in sleep needs are taken into 

account: one person will feel sleepy after three hours of sleep and awake after five, while 

another person may need eight hours and is not rested at all after five hours of sleep. In 

contrast, some aspects of sleep may have the same relationship with mood for everyone. 

Between-subjects analyses can be used to find this kind of relationships, but no causality 

can be established. 

An intervention should be aimed at improving how a person feels during the 

whole day, not only how he or she feels at awakening. Therefore, mood of the entire day 

needs to be taken into account. 

Further, it is not really known what is most important in affecting mood: 

subjective sleep experience or objective sleep measures. When a device should be 

developed to improve sleep and the effects of sleep, it should be known whether the focus 

needs to be on improving the subjective experience of sleep or on improving 'real sleep', 

independent ofhow people experience this sleep. 

In past research only relationships have been found between a limited number of sleep 

factors and mood andlor cognitive performance and most of the time the effect of 

objective measurements was not compared to the effect of subjective measurements. So, 
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from the literature which is described in chapter 1 and from the previous paragraph, 

several opportunities for the present research appear. First, daily associations between 

sleep and mood and sleep and performance should be included in the research. In this 

way, within-subjects camparisans can be made and individual differences in sleep need 

are taken into account. 

Several sleep measures should be included, especially the ones that were 

significantly related to mood in previous research. Examples are frequency and duration 

of awakenings, total sleep time, sleep onset time and sleep onset latency. These sleep 

measures should be assessed objectively and subjectively, enabling a comparison of the 

contribution of both. The relationship of these sleep measures to self-rated subjective 

sleep quality should also be assessed. In this way it is possible to get a more complete 

overview of the unique con tribution of certain subjective as well as objective measures to 

mood. 

Mood should be measured several times a day and not only at the moment of 

awakening or going to bed. When mood is measured during the day, daily mood scores 

can be computed. 

Besides, it would be very interesting if by improving some aspects of sleep, performance 

could also be improved. Th ere is a lack of research that examines the role of sleep in this 

in daily life, so it is nat known whether this would be possible. Only one study bas been 

found and in this study no significant associations between sleep and performance are 

present. So there is a gap to be filled bere. Furthermore, V arkevisser et al. (2007, p. 294) 

hypothesize that 'insornniacs, in their daily routine, may be able to successfully exert 

additional compensatory effort or apply other coping strategies ... ' . This probably applies 

to healthy people who are tested in their daily life as well. So in the present research, the 

amount of exerted effort should be taken into account. In case no direct relationship 

between sleep and cognitive performance is found, it can be examined whether after poor 

sleep, participants exert an additional amount of effort, that subsequently causes the lack 

of performance deterioration. Finally, it might be wise to limit the time span in which 

testing may take place. 
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2.1 Research questions 

The general research question of this research is the following: Is better sleep related to 

better mood and cognitive performance? This question can he formulated at the within

subjects and the between-subjects level. The former investigates differences over time 

and the latter differences between people. The general question also can he divided into 

more specific sub questions. A secondary question, that should be answered fi.rst, 

concentrates on the meaning of subjective sleep quality. 

2.1.1 Subjective sleep quality 

Question I 

a) Which specific sleep factors are related to a self-reported overall sleep-quality rating? 

b) How is the contribution of objective measures related to the contribution of subjective 

measures? 

2.1.2 Sleepand mood 

Question 2 

a) After nights of above average sleep, does a person also report a better mood during 

the next day? 

b) Which specific sleep factors are the most important ones in this relationship between 

sleep and mood? 

c) How is the contribution of objective measures related to the contribution of subjective 

measures? 

Question 3 

a) Do persons whose scores on sleep are generally better, also report better moods? 

b) Which specific sleep factors are the most important on es in this relationship between 

sleep and mood? 

c) How is the contribution of objective measures related to the con tribution of subjective 

measures? 
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2.1.3 Sleep and cognitive performance 

Question 4 

a) After nights of above average sleep, does a person also perform better the next day? 

b) Which specific sleep factors are the most important on es in this relationship between 

sleep and performance? 

c) How is the contribution of objective measures related to the contribution of subjective 

measures? 

d) Does exerted effort moderate the relationship between sleep and performance? 

Question 5 

a) Do persons whose scores on sleep are generally better, also perform better overall? 

b) Which specific sleep factors are the most important on es in this relationship between 

sleep and performance? 

c) How is the contribution of objective measures related to the contribution of subjective 

measures? 

d) Does exerted effort moderate the relationship between sleep and performance? 

2.2 Hypotheses 

As a consequence of the existing literature, a couple of hypotheses are formulated. Most 

of these are mainly of an explorative sort. 

2.2.1 Subjective sleep guality 

The results from previous research on the relationship between sleep factors and 

subjective sleep quality are not very consistent, so it is not clear yet what relationships 

can be expected. However, it seems to be that subjective sleep quality at least has a 

relationship with frequency and length of awakenings during the night. Also depth of 

sleepand activity during sleep are related concepts. 
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2.2.2 Sleep and mood 

Within-subjects and between-subjects effects of sleep on mood are expected. No clarity 

exists about the subjective or objective sleep factors that play the most important role in 

this relationship, and what aspects of mood are the most sensitive to changes in sleep. 

2.2.3 Sleep and cognitive performance 

The performance results of laboratory research in which people are sleep-deprived are 

quite consistent, but effects of sleep on cognitive performance in daily life are less clear. 

Based on the field research by Varkevisser et al. (2007), actually no performance 

differences are expected due to sleep alone. However, their research contained some 

weaknesses. It may be the case that when their research is replicated with a few 

adaptations (with respect to the moment of testing and taking the amount of effort into 

account), effects of sleep on cognitive performance can be found. 
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3. Metbod 

3.1 Participants 

For confidentiality and liability reasons, participants were recruited within Royal Philips 

Electronics B.V., in 2 ways. First a reeruitment message was posted on an electronic 

bulletin board and the same message was also sent by email to persons who earlier had 

indicated that they were interested in taking part in Philips research projects. 

The following conditions were listed in the message: participants are between 30 

and 55 years old; participants have a full-time job, or a part-time job giving that they 

work at least every day in the moming; participants are not shift-workers; and 

participants do not experience a sleep problem (like sleep apnea, severe insomnia, use of 

sleeping pills et cetera). Participants were given a 50 Euro "VVV Irischeque" for their 

participation, but this was not mentioned in this first message 

A total of 27 people were interested in taking part in the study. One interested 

person did not meet the requirements and 2 other persons withdrew because it was not 

possible to schedule them. In the end 24 persons took part in the study, 15 men and 9 

women, all aged between 30 and 54. The characteristics of the participants are described 

more extensively in the results section, in paragraph 4.1. 

3.2 Apparatus and materials 

In this paragraph, the apparatus and materials that were used for the measurement of 

sleep and daily functioning are described. 

3 .2.1 Control variables 

Although participants selected themselves as healthy and not having senous sleep 

problems, they filled in a few questionnaires in advance, to check whether this really was 

the case. Participants were not excluded based on their scores, but the results could be 

used as control variables or as an explanation for outlier scores. 
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Sleep disorders 

To assess overall sleep quality, participants tilled in the Pittsburgh Sleep Quality Index 

(PSQI) (Buysse, Reynolds III, Monk, Berman, & Kupfer, 1989). This is probably the best 

known self-rated sleep questionnaire, which assesses sleep quality over an 1-month time 

interval. The questionnaire consists of 7 components (subjective sleep quality, sleep onset 

latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping 

medication, and daytime dysfunction). From these 7 components, a global score is 

computed, which can range from 0 to 21. A global PSQI score larger than 5 realizes a 

diagnostic sensitivity of 89.6% and specificity of 86.5% in distinguishing good and poor 

sleepers. For the present research, the PSQI is translated into Dutch and this version can 

be found in appendix 1. 

Depression 

Depression is said to influence sleep as well as mood (Hamilton, Nelson, Stevens, & 

Kitzman, 2007) and results may differ between healthy and depressed subjects. It is not 

very plausible for persons who volunteer in research to be depressed but if someone is, it 

is better to know that in advance and then it is possible to control for this. 

The Edinburgh Depression scale is used to measure depression in this research. 

The scale was originally called the Edinburgh Postnatal Depression scale (Cox, Holden, 

& Sagovsky, 1987), but the questionnaire has been validated on men and non-postnatal 

women as welland it has been renamed (see Spek, Nyklicek, Cuijpers, & Pop, 2008). 

The highest score that can be obtained is 30. A score between 10 and 12 indicates 

presence of symptoms of distress that may be discomforting. Scores of 13 or more need 

further evaluation (Murray & Cox, 1990). The Dutch version of the Edinburgh 

Depression Scale is presented in the Teleac course "Beter Slapen" (which can be found 

on http://www.teleac.nl/beterslapen) and this version is used in the present research. It 

can be found in appendix 2. 

Morningness - Eveningness 

It was explored whether the participants of this study are evening- or moming oriented. 

When analyzing the other data, a distinction can be made between evening and moming 
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types, if large differences exist between participants. To measure mornmgness -

eveningness, the VOA (''Nederlandse vragenlijst voor de selectie van ochtend- en 

avondmensen") was used, which is a Dutch questionnaire to distinguish morningness and 

eveningness (Kerkhof, 1984). It places a person in one of five categories, ranging from 

extreme evening type to extreme morning type. The VOA can be found in appendix 3. 

3.2.2. Assessment of sleep 

Sensewear armband 

For the objective measurement of sleep, aso-called SenseWear Pro3 Armband was used. 

This armband is part of the Body Monitoring System by BodyMedia, Inc. The main part 

is a plastic measurement unit that contains some sensors. This part can be attached to the 

back of the upper arm by means of a Velcro strap. Special software is available for 

downtoading and analyzing the data that the armband collected 

The Sensewear armband is not really an actigraph as described in paragraph 1.2. It 

does not rely on activity measures only, but it contains 5 sensors to measure the following 

variables: a 2-axis accelerometer, heat flux, skin temperature, near body temperature and 

galvanic skin response. These measurements are taken once a minute and they are used to 

estimate sleep/wake behavior. For every minute that the armband is worn, the software 

indicated whether the participant is lying down or not lying down and whether the 

participant is asleep or not asleep. The specific algorithm that is used by the Sensewear 

software to convert raw sensor data to sleep/awake data was not available to us, neither 

were reliability and validity measures. However, it was decided to use this device fora 

couple of reasons. First, the purebase of actigraphs was not really an option while the 

Sensewear devices were freely available to us. The Sensewear does not only measure 

activity, but also uses other measures to estimate sleep. At first sight this seems to be 

better than only rely on activity measurements. 

A custom made algorithm was used to derive useful measures from the values per 

minute that are given by the Sensewear software. If single rninutes are indicated as 

'awake' while they are surrounded by sleep periods, the measurements were considered 

to be influenced by noise and these minutes were therefore counted as sleep (A. 

Denissen, personal communication, April 15, 2008). Furthermore, the moments that a 
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person went to bed, tried to sleep or got out of bed were taken from the sleep diary (as 

advised in McCrae, 2008; Tryon, 2004; Sadeh, 2002) which is described in the next 

paragraph. 

Sleep diary 

Sleep was also assessed by means of a paper version of a sleep diary. The contents of the 

sleep diary are mainly based on the contents of two often-used sleep diaries: the 

Pittsburgh Sleep Diary (Monk, et al., 1994) and the Karolinska Diary (Keklund & 

Akerstadt, 1997). 

In the evening, questions were asked about the preceding day. Answers to these 

questions were not used to answer the research questions in this thesis, but they may give 

explanations when outliers in the sleep data are detected. 

In the moming, questions were asked about the sleep of the preceding night. 

Among other questions, participants were asked to rate their subjective sleep quality on a 

7-point Likert scale, which ranges from very bad to very good. Further, open questions 

were asked about the sleep pattem of the participant. The following variables were 

included: bedtime, light out time, sleep onset latency from that moment, number of 

awakenings during the night, duration of awakenings, a wake time, out of bed time, sleep 

disturbances. The moming part of the sleep diary (including questions which were not 

discussed in this paragraph because they are not used to answer the research questions) 

can be found in appendix 4. 

3.2.3. Assessment ofmood and social interest 

Personaf Digital Assistent 

The Experience Sampling Method was implemented electronically on Personal Digital 

Assistants (PDA). Due to availability, two kinds of PDAs were used. The first one was a 

Dell Axim X51v and the second one was a HP iPAQ hx2100. The PDAs were equipped 

with a Secure Digital memory card. On default, a PDA is tumed off automatically if it is 

not used for 3 minutes, when it is working on battery power. This is not desirabie because 

the participant will not receive notifications anymore when the device is tumed off, so 

this setting was changed. 
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All PDAs had Microsoft Windows Mobile Version 5.0 installed. Additional 

programs that were needed for the experiment were installed on each PDA. 

MyExperience (experience sampling software) 

As explained in paragraph 1.3 .1, different experience sampling programs are available. In 

this research MyExperience was used. The main reason for this is that the software runs 

on Windows Mobile Operating System (which is installed on the available PDAs), while 

the Experience Sampling Program needs Palm Operating System (which is not 

compatible with the available PDAs). 

The MyExperience software was downloaded from the MyExperience website1 

and installed on the PDAs. The software was adapted to fulfil the needs of the experiment 

by changing the MyExperience XML file (see appendix 5 for the file). The software was 

programmed in such a way that it prompted 8 times between 9.00 and 21.00, with a 

minimum time between prompts of 30 minutes. The prompts were evenly distributed 

over the timeframe. This means that there was one prompt in every 1 ,5 hour. At every 

prompt, a sound was played and a notification was displayed on the screen ofthe PDA. It 

is possible to set the use of vibration next to sound, but the PDAs we used were not able 

to vibrate, so this option was not used. The notification says that it is time to fill out the 

questionnaire, and that the participant has to press OK to start the questionnaire. The 

notification was displayed for 5 minutes and then dismissed itself. The participant was 

not able to snooze or dismiss the notification manually. If the participant pressed OK 

within these 5 minutes, the first question of the survey was displayed. Participants had to 

click next to go to the next question after they selected their answer. As a MyExperience 

default, a back and a next button are available. Por this questionnaire, the back button was 

disabled. 

Mood 

Participants were prompted 8 times a day to rate their mood on the PDA. Mood 

measurement was based on the procedure proposed by Wilhelm and Schoebi (2007). 

They used six items that are said to measure the three dimensions Valence, Calmness and 

Energy. The original items are in German. Por the present research, these terms were 

1 http: //myexperience.sourceforge.net/ 
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compared with the English translation (given by Wilhelmand Schoebi) and subsequently 

translated into Dutch. 

Reliability of the German scale was quite good (Wilhelm & Schoebi, 2007), but 

criterion validity had not been established. The Dutch translations had not been used 

before, so reliability and validity statistics could not be given in advance. 

The sentence "At the moment I feel" was foliowed by a bipolar 7-point Likert 

scale. Only the endpoints of the scale were labeled and each of the labels was preceded 

by the word 'very'. The six items were presented one at a time, in the following order: 

tired-awake; content-discontent; agitated-calm; full of energy-without energy; unwell

well; and relaxed-tense. The German and Dutch translations can be found in appendix 6. 

Social interest 

One question was taken from the National Sleep Foundation's 2002 Sleep in America 

poll (NSF, 2002). In this poll, participants were asked to rate their social interest on a 

bipolar five-point Likert scale. In the present research, a 7-point scale was used, in 

congruence with the mood items. The question sounded: "To what extent are you open to 

social interaction at the moment?" and the answering scale ranged from 1 (I am seeking 

social interaction) to 7 (I prefer to be alone ). 

3.2.4 Assessment of cognitive performance 

A 2-back working memory task (that is described in paragraph 1.4.2) was chosen to 

measure cognitive performance. The task was implemented on the PDA. A series of 100 

letters, of which 30 targets, was generated. A letter was shown for 500 ms and then 

disappeared. At that moment two buttons (yes and no) appeared at the bottorn of the 

screen. These buttons were shown for 2500 ms., even though a response was given. Thus 

each triallasted for 3000 ms and 100 trials were presented. Immediately after the last trial 

the following question was asked: How much effort did it take you to perform this task? 

The 7-point answering scale ranged from 'no effort at all' to 'maximum effort' . 
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3.3 Measurements 

During the experiment lots of data were registered. In this paragraph, the measurements 

that are relevant to the present research are mentioned. 

3.3.1 Sleep 

Five variables were taken from the Sensewear output generated by the algorithm: sleep 

onset time, number of awakenings, duration of awakenings, wake up time, total sleep 

time. From the sleep diary six variables were relevant: go to bed time, try to sleep time, 

sleep onset latency from that moment, number of awakenings, duration of awakenings 

and wake up time. These variables were used to compute six independent sleep 

variables2
, which are objectively as wellas subjectively measured. They were: 

- Sleep onset time (SOT) 

-Sleep onset latency from the moment that a person goes to bed, in minutes (LatB)3 

- Sleep onset latency from the moment that a person starts trying to sleep, in minutes 

(LatS)3 

- Number of awakenings after sleep onset (W ASO) 

- Total duration of awakenings during the night, in minutes (WMIN) 

- Total sleep time, in minutes (TST) 

The following variabie was taken from the sleep diary only: 

- Overall subjective sleep quality (SQ) 

2 All of these variables have been used in previous research. Although sleep efficiency is often mentioned 
in literature as well, in the present research it is not taken into account. I think sleep efficiency is neither a 
valid nor a valuable measure if people go to bed early to spend some time watching TV in their bed, or stay 
in bed in the moming during the weekend, even if they are already well-rested. I think that in these cases 
sleep efficiency is artificially low. Besides, the exact time that participants spent in bed is not known, 
because it is not asked whether they got of out bed during the night, so sleep efficiency as it is defined in 
the literature cannot be computed. 

3 Sleep onset latency is defined here by the difference between the 'start-sleep' time on the one hand and 
the 'go to bed' and the 'try to sleep' time on the other. These last two measures cannot be derived from the 
Sensewear data, so to compute sleeponset latency for the Sensewear, the momentsof going to bed and of 
trying to sleep were taken from the sleep diary (as instructed by McCrae, et al., 2008; Sadeh & Acebo, 
2002; Tryon, 2004) and the moment offalling asleep was taken from the Sensewear. 
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3.3 .2 Mood and social interest 

Relevant to this research are the answers to the six mood items and the social interest 

item and the amount of surveys that each participant answered on a specific day. 

3.3.3 Cognitive performance 

The relevant measures are the number of items answered correctly and the self-rated 

amount of effort spent on the task. 

3.4 Procedure 

After participants indicated that they were interested to take part in the research, an 

envelope was send to them by intemal mail. This envelop contained an informed consent 

form, an information letter, questionnaires that should be tilled in and retumed and 

extensive instructions for the research (because no experimenter would be present during 

the execution ofthe test). 

All experimental trials started at a Wednesday aftemoon. Participants who were 

located at the High Tech Campus in Eindhoven came to the experimenter's office to 

collect the sleep diary, the Sensewear device and the PDA, including a charger. If 

participants were located somewhere else or were not able to come to the campus, the 

experimenter went to their office tobring the materials. The PDA was tumed on, and 

MyExperience was already running as well. It was asked whether the instructions were 

all clear and any remaining questions were answered. An explanation of the working of 

the PDA and Sensewear armband was given and participants were instructed to practice 

the memory task and the surveys. If everything was clear, participants were explicitly 

told to contact the experimenter whenever they had any questions or doubts about the 

experiment. 

The experiment lasted for 8 days. On the first day the materials were collected (as 

described above) and in the evening participants put the Sensewear armband on before 

getting into bed. They also tilled in the first part of the sleep diary. Days 2 until 7 

(Thursday until Tuesday) were all the same: in the moming, after getting out of bed, 

partic i pants tilled in the moming part of the sleep diary and took the Sensewear armband 

of. Within an hourafter getting up, they started the memorytaskon the PDA. Participants 

29 



were not reminded ofthis each day. Between 9.00 AM and 9.00 PM participantstook the 

PDA with them. Eight times a day they were prompted to fill in the questionnaire. 

Whenever they heard the sound, they started the questionnaire and answered all of the 

questions (which took no more than 1,5 minutes). Before going to bed, they put on the 

Sensewear armband again and filled in the sleep diary. During the night, they charged the 

PDA. At the eighth day (Wednesday), participants filled in the sleep diary in the 

moming, took the armband of and did the memory task. Afterwards all materials were 

retumed. The participants were thanked for their participation and a gift voucher worth 

50 Euros was given to them. 

3.5 Data-analysis4 

Descriptives 

The negatively formulated mood items and the social interest item were recoded, in such 

a way that for all items a higher score indicated a better mood or more social interest. 

Also, the sleep measures that were not asked for directly were computed. 

For each participant, the number of completed surveys on a specific day could 

range from zero through eight. The survey scores were to be averaged over the day 

(because a daily item score is needed for the remainder ofthe analyses). However, if only 

very few surveys are completed, the mean score will be less representative for the entire 

day. So, a lower limit of the amount of completed surveys was established. This limit was 

set as high as possible, while considering the amount of resulting data loss. If fewer 

surveys were completedon a specific day, no average was computed for that day but a 

missing value was assigned. Descriptive statistics of these data and of the sleep data are 

displayed. 

Correlations 

Within- and between-subjects correlations between the mood and the sleep variables 

were computed. The procedure was adapted from McCrae et al. (2008, p. 47) and 

4 SPSS 14.0 is used for all ofthe analyses, unless stated otherwise. 
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described below. Not all variables were included in the analysis at once5
. Instead, the 

following correlations were computed: 

Mood items 

Objective sleep factors and subjective sleep quality 

Subjective sleep factors and subjective sleep quality 

Subjective and objective sleep factors (in pairs) 

Subjective sleep factors and mood (separately for each mood and social interest item) 

Objective sleep factors and mood (separately for each mood and social interest item) 

Subjective sleep factors and performance 

Objective sleep factors and performance 

The correlations between the mood items give some idea about the underlying 

factor structure. The found structure was compared with the proposed structure. 

The mutual correlations between the sleep variables teil sarnething about the risk 

for multicollinearity or nonindependence of the variables (McCrae, et al. , 2008; 

Totterdell, et al., 1994). 

The following steps were taken: 

• Step 1: The independent and dependent variables were restructured from variables 

(columns) into cases (rows). In this way only four columns were left: subject number, 

day, variabie (the narnes of the variables) and value. So per person per day a row of 

data was created for each variable. 

5 Preliminary analyses showed that each iteration took a very long time (sometimes 10 minutes or more) 
when a lot of variables (for example all sleep variables) were included at once. Besides this, SPSS 
displayed some warnings that convergence could not be reached or that the Hessian matrix was not positive 
definite. Increasing the scoring steps or increasing the maximum of step halving did lead to convergence in 
most cases, but it did not solve the problem with the Hessian matrix. Subsequent SPSS output showed that 
a lot of the covariance parameters were redundant and the test statistic could not be computed. This output 
needed to be considered invalid and should not have been interpreted (Landau-Everitt) . The problem was 
solved by analyzing fewer variables at a time. In this way convergence was reached and the Hessian matrix 
was positive defmite. 
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• Step 2: The subject and repeated variables were specified in the Mixed Linear Model. 

Subject number and day ( or night) were specified as subjects, variabie was specified 

as repeated. As repeated covariance type 'unstructured' was chosen. 

• Step 3: In the next step, vaiue was chosen as dependent variabie and variabie as 

factor. Fixed and random effects were estimated for variabie. With respect to random 

effects, the covariance type was unstructured and for subject groupings subject 

number was used. 

• Step 4: Two covariance matrices were produced: between-subjects (G) and within

subjects (R). The corresponding correlations were computed in Microsoft Office 

Excel 2003 by using the following equation: correlationx,y = covariancex,y I 

(.V(variancex) * .V(variancey)). In the 'estimates of covariance parameters' table 

(SPSS) it was found whether the covariances (and thus the correlations) were 

significant by looking at the p-value ofthe Wald Z test statistic. 

Hypotheses testing 

Hypotheses were tested using the SPSS Mixed Linear Model (MLM) procedure. By 

means of MLM both within-and between-subjects effects can be analyzed at the same 

time. McCrae et al. (2008, pp. 45-47) controlled for multicollinearity in their research, 

but in this research we chose to analyze each sleep variabie separately, as done by 

Totterden et al. (1994). The reason for this is that it is hard to isolate the unique 

component of a variabie that is independent of the other variables, due to the large 

number of sleep variables in the present research and the expected correlations between 

these variables. In this way the results could tell whether each of the sleep variables is 

important regarding mood or performance, but a real predietien model that includes 

several sleep variables could not be established. 

The procedure is described below. It was repeated for each of the independent 

variables (mood items, social interestand cognitive performance scores). 
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• Step 1: To be able totest between-subjects effects, each independent (sleep) variabie 

was averaged over the week, for each participant. To test within-subjects effects, a 

centered daily score was computed for each independent variabie for each participant 

by subtracting a person's mean from the daily score. This is a procedure that is 

customary prior to MLM (Garson, n.d.). 

• Step 2: A null model was determined. The subject variabie was specified in the 

Mixed Linear Model. Subject number was specified as subjects. In the current model, 

no predietors were present, so as to establish a baseline. However, in the random 

effects dialog, the covariance type was set to varianee components, the intercept was 

included and subject number was used for subject groupings. Further, it was specified 

that a Maximum Likelibood model is tested. 

• Step 3: In this step the null model was expanded. Now the relationship between the 

independent and the dependent variables was tested. The mean as well as the centered 

independent variabie were included as covariates. These variables were both 

introduced as fixed effects. Only main effects were studied. So, estimates were given 

of the associations between participants' mean sleep score and their level of the 

specific dependent variabie (between-subjects test). Also the association between the 

day-to-day variation in centered scores and the day-to-day variation in the specific 

dependent variabie was tested (within-subjects test)6
. Estimates ofthe effect size were 

given, tagether with the t- and the p-values. 

• Step 5 

Finally also three model statistics were determined: 

6 McCrae et al. (2008) also tested whether significant between-subject dif.ferences in the association 
between sleep and mood exist, by including the centered scores as a random factor as well. In the present 
research this step was left out because quite a lot of the preliminary analyses of this kind resulted in a 
nonpositive defmite Hessian matrix. Increasing the scoring steps did not help to overcome this, so the 
problem was probably caused by negative varianee estimates or redundant effects (Landau & Everitt, 
2004). In fact only the average within-subjects day to day association between sleep and mood was 
necessary to answer the research questions and not the individual differences in this association. Therefore, 
it was not a problem when these random effects were not included in the analyses. 
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The difference in -2 Restricted Log Likelibood (-2LL) between the null model 

and the new model was computed. The difference can he tested as a ebi-square 

test with degrees of freedom given by the difference in the number of parameters 

in the two models (Landau & Everitt, 2004), by means of the 

SIG.CHISQ(quant,df) function in SPSS. 

The intraclass correlation coefficient (ICC) of a specific model, which is the 

between-persons varianee (intercept varianee) divided by the total varianee 

(intercept varianee plus residual varianee ). This coefficient was multiplied by 100 

in order to show the percentage ofthe between-subjects variability. 

A pseudo R-squared (between and within), which is an estimate of the amount of 

varianee explained by the predietors (McCrae, et al., 2008). These were computed 

by use of the following equations: 

~ Between-person R-squared (r2
between) = (null intercept vanance - current 

model intercept varianee) I null intercept variance. 

~ Within-person R-squared (r2 
within) = (null residual varianee - current model 

residual varianee) I null residual variance. 



4. Results 

In this section the results of data-analysis are discussed. Data was analyzed according to 

the procedure that is described in the previous paragraph. 

4.1 Descriptives 

A total of 24 participants took part in this research: 9 women and 15 men. Mean age of 

the total group of respondentsis 42.00 years (SD = 7,576; range 30-54). A Chi-Squared 

test shows that the ages of men and women did not significantly differ (X2 (17, N = 24) = 

21.867, ns.). 

4.1.1 Control variables 

The control variables were included to check whether participants indeed were healthy 

and did not suffer from serious sleep disorders, as they indicated by selecting themselves 

for the research. All participants answered all of the questionnaires, so no data were 

m1ssmg. 

Sleep disorders 

The PSQI global scores of the participants ranged from 2 to 9 (M = 4,92; SD = 1,840). 

Seven participants had a global score above 5. Buysse et al. (1989) say that a global score 

above 5 yields a diagnostic sensitivity of 89.6% and specificity of 86.5% m 

distinguishing good and poor sleepers. So, 7 participants would be indicated as poor 

sleepers by the PSQI. However, their scores are within the range of scores that Buysse et 

al. (1989) found in their healthy control group. The mean scores of the participants 

mostly resembie the mean scores of healthy controls. The obtained scores did not give 

reason to exclude any of the participants from further research. 

Depression 

Quite some variability existed in depression scores. These ranged from 0 to 11 (M = 5,75; 

SD = 3,110). Two persons' score is 10 and one persons score is 11, but no one reaches 
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the limit of 13. Based on this information it was not needed to exclude any of the 

participants from the research or to control for depression. 

Morningness-Eveningness 

Bleven participants were characterized as 'neither evening nor moming type', another 11 

as 'moderate moming type' and 2 as 'extreme moming type'. Thus the sample of 

participants was quite homogeneaus with respect to momingness - eveningness and no 

distinction could and needed to be made between moming and evening types. 

4.1.2 Compliance 

Sleep measures 

Overall, compliance with the sleep measures was very good. Two participants forgot to 

wear the Sensewear armband during one night. Due to technica! problems, Sensewear 

data of two nights (out of seven) are missing foranother participant. 

Most of the sleep diaries were tilled in completely. Participants only sporadically 

missed single questions. One participant forgot to take the sleep diary when sleeping 

elsewhere, resulting in one night of missing data. 

Memory task 

Compliance with the memory task was quite good. Only one person failed to do the 

memory task six out of seven momings. This participant was excluded from the sleep

performance analyses. 

Two persons forgot to do the task on the last day. Data of another seven tasks 

could not be used because the task was interrupted by MyExperience asking the 

participant to complete a survey; this appeared to be possible when the memory task was 

started after 9.00 AM. In advance we had looked fora salution to this problem, but we 

did not fmd any. We thought that this would not be a large problem because we expected 

that this interruption only would occur very rarely, if at all. This thought tumed out to be 

incorrect, unfortunately. 
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Surveys 

Tab ie I : Frequency distribution ofthe numbers of surveys that are 
answered on a day 

Surveys answered on 
a day 

Total 

0 
I 
2 
3 
4 
5 
6 
7 
8 

Numberof 
days* 

5 

5 
13 
I6 
23 
27 
29 
23 
3 

I44 

Percentage of total 
3,47 
3,47 
9,03 

II' II 
I5,97 
I8,75 
20,I4 
I5,97 
2,08 

IOO 

* Days are summed over all parhctpants, so I44 days (24 
participants x 6 days ) are taken into account 

Each person could have answered a maximum of 48 surveys during the 6-day testing 

period. The total number of surveys that actually is answered varies heavily between 

persons and ranged from 8 to 40 (M = 27,71; SD = 7,467). The number of surveys that 

were answered on a specific day ranged from 0 to 8 (M = 4,62; SD = 1,930). Table 1 

shows the frequency dis tribution of these numbers. 

Surveys were missed due to several reasons. In most cases of missed notifications, 

participants just did not notice the signal due to background noise. There were also 

certain situations in which participants did not respond to the notifications ( or did not 

even bring the PDA with them), for example while in a meeting, doing sports, or driving 

a car. In these cases, often a remark was made in the sleep diary. Some missing data is 

caused by MyExperience being stopped by an unexpected error. Participants had to reset 

the PDA to receive notifications again. 

Based on the numbers in Table 1 it is decided that a minimum of three answered 

surveys on a day is needed to include that specific day in the mood analyses. In this way 

a mean and standard deviation per day can still be computed and the number of excluded 

cases is minimized. 
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a e T bi 2 d f h escnptlve statistles o t e average d moo d d 
0 

1' an socta mterest scores 

N=116 Minimum Maximum Mean Std. Dev. Skewness 
Statistic Statistic Statistic Statistic Statistic Std. Error 

A wake 1,000 6,667 4,633 0,987 -0,475 0,225 
Energy 2,000 6,333 4,768 0,842 -0,804 0,225 

Calm 1,000 6,750 4,762 0,964 -0,639 0,225 

Relaxed 1,167 6,667 4,827 0,916 -0,696 0,225 

Weil 2,000 7,000 5,224 0,965 -0,508 0,225 

Content 1,000 6,667 5,146 0,858 -1 ,3 18 0,225 

Social 1,000 6,714 4,527 1,007 -0,363 0,225 

Only three persons had to be removed from the data, because there were just one 

or two days at which they answered three or more surveys. Thus, to examine the 

relationship between sleep and mood, the data of 21 participants are available. Of their 

data a total of 10 (out of 126} days are missing, so 116 days remain to include in the 

analyses. The number of surveys that are answered on a specific day now ranges from 3 

to 8 (M = 5,28; SD = 1 ,382). 

4.1.3 Mood scores 

For each of the 21 participants the mood scores are averaged over the day. This mean 

score represents the mood of the whole day. Descriptive statistics of these day scores are 

given in Table 2. 

4.1.4 Sleep variables 

The subjective sleep variables that cannot be taken directly from the sleep diary are 

computed. The objective sleep variables are derived and computed from the Sensewear 

output data. 

Descriptive statistics of the following variables are shown in Table 3: sleep 

quality (SQ), number of awakenings after sleep onset (W ASO), duration of awakenings 

after sleep onset (WMIN), latency from the moment that a person goes to bed (LatB), 

sleep onset latency from the moment that a person starts trying to sleep (LatS), total sleep 

time (TST) and sleep onset time (SOT). 0 and S stand for objective data (from the 

sensewear device) and subjective data (from the diary) respectively. All values are shown 

in minutes. A negative SOT value indicates that the person started tosleep before 12.00 
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Table 3: Descriptive statistics ofthe sleep variables 

Std. 

N Minimum Maximum Mean Deviation 

SQ 162 7 4,86 1,42 

WAS05 167 0 8 1,98 1,50 

WAS00 163 0 15 5,75 3,40 

WMIN5 166 0 180 22,69 31,26 

WMINo 163 0 256 56,10 42,98 

LatB5 167 0 124 28,62 24,14 

LatB0 164 -15 131 28,66 25,74 

Lat Ss 167 0 120 13 ,70 14,87 

LatS0 164 -48 131 13,74 22,16 

TST5 166 180 605 402,33 72,07 

TST0 163 165 516 372,56 63,96 

SOT5 167 -95 305 -2,87 58,53 

SOT0 164 -97 306 -2,40 59,79 

midnight and a positive value indicates that the person started to sleep past 12.00 

midnight, for example -95 is 10:25 PM and 305 is 5:05AM. 

The negative sleep onset latency values for the Sensewear measurements attract 

attention. They occur if the Sensewear armband indicates that a person is asleep, while 

according to the diary the participant (1) has not gone to bed and/or (2) has not started to 

try to sleep yet. In both cases the differences may result from the fact that a person does 

not remember the exact time of going to bed or trying to sleep, or that a person rounds the 

diary time registration. However, if a participant is lying very quiet, then the Sensewear 

may misinterpret this as sleep, while the person is still awake and not really trying to 

sleep yet. On the other hand, the person may be in a sleepy state while watching TV (so 

in fact is as leep), but only the time at which the TV is turned off, is remembered and 

re gistered as 'moment I start trying to sleep' . 

Because it is not known which measurements are 'right', these negative numbers 

are not corrected. Besides, in the mixed model analyses, mean scores and scores centered 

around this mean are used so the raw negative scores will not be present anymore. 
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4.2 Correlations 

The correlations between sleep and mood and between sleep and performance are 

computed in two ways: between-subjects and within-subjects. These correlations should 

be interpreted differently. A positive between-subjects correlation of sleep time and 

energy level (for example) indicates that persons who on average sleep more, also have 

higher energy levels than persons who sleep less. A positive within-subjects correlation 

of sleep time and energy level indicates that after a night of above average sleep duration, 

a person feels more energetic during the day than after a night of below average sleep 

duration. 

4.2.1 Mood items 

Data of 21 participants were used to deterrnine the correlations between the mood items. 

Each participant provided five or six data points per mood item. The correlations can be 

found in Table 4. When looking at within-subjects correlations, it can be concluded that 

the six items are highly correlated. However, the exact factor structure that was proposed 

by Wilhelm and Schoebi (2007) is not found. Within subjects the items can be roughly 

categorized into three categories: Awake-Energy, Content-Calm-Relaxed and Well. This 

categorization partly supports the structure that Wilhelm and Schoebi (2007) found. 

Though, since the relationships between other items are highly significant as well and no 

factors are really confirrned, the items are further analyzed separately. Between-subjects 

correlations show that a person who in general feels more awake, also feels more 

energetic and relaxed. Further, a persons who feels more relaxed, also feels more 

calmness and is more content. 

In most cases the values of the between-subjects correlations are higher than those 

of the within-subjects correlations. Nonetheless most of the correlations do not reach 

significanee or at least they are not as highly significant as within-subjects correlations. 

This may be due to the smaller number of between-subjects observations (around 20) 

compared to the number of within-subjects observations (around 100). All correlations 

(although some of them are not significant) are in the expected direction: a more positive 

score at one item goes together with a more positive score on the other items. 
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Table 4 : correlations between the mood items: within subjects (below diagonal) and between subjects 

A wake 
Calm 
Content 
Energy 
Relaxed 
Weil 

0,55*** 

0,75*** 
0,53*** 

* Correlation is significant at the 0.05 level 
** Correlation is significant at the 0.01 level 
*** Correlation is significant at the 0.001 level 

4.2.2 Sleep measurements 

52*** 

Relaxed 
0,68* 
0,91* 

Within- and between-subjects correlations between subjective sleep quality and 

subjective sleep measures and between subjective sleep quality and objective sleep 

measures are computed. At the same time mutual correlations between the six subjective 

sleep measures and between the six objective sleep measures are determined. In separate 

analyses the paired within-subjects correlations between objective and subjective sleep 

measures are computed. 

Only one significant between-subjects correlation is present. Objectively 

measured number of awakenings after sleep onset (WASO) is correlated with objectively 

measured duration of the awakenings (WMIN) (r = .85, p <.001). More significant 

correlations are found within-subjects. These are presented in Table 5. 

Subjective sleep quality is significantly correlated with total sleep time (TST) and 

the duration of awakenings (WMIN), independent of the way of measurement. However, 

stronger correlations are found for the subjectively measured variables. Besides TST and 

WMIN, also diary measurements of sleep onset latency and the number of awakenings 

(W ASO) are significantly correlated with sleep quality (see bold numbers in Table 5). 

The fairly high correlations between several sleep measures that are shown in 

Table 5 indicate that these sleep measures are not independent. Therefore the variables 

are analyzed separately when the effect of sleep on mood and performance is studied. 
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Table 5: Within-subjects correlations between sleep quality and sleep measures, measured by the 
Sensewear device (below diagonal) and the sleep diary (above diagonal). On the diagonal the paired 

. h' b' I . f b' . d b' . . wit m su >Jects corre atwns o su >JeCtiVe an o >Jective measurements are giVen. 

LatBs LatS 5 SOTs TST 5 WAS05 WMINs 

- - 0,30** -0,41*** - 0,01 0,50*** - 0,53*** - 0,58*** SQ 
LatB 0 0,06 

" 
,0;44*** 0,56*** 0,09 - 0,39*** 0,14 0,27** LatB 5 

LatS 0 0,07 0,72*** .(),29** 0,~9 - 0,46*** 0,23** 0,39*** LatS 5 

SOT 0 0,12 0,22** 0,26** {) 91 *** .·. 
" ·x ·' - 0,27** - 0,11 0,01 SOT 5 

TST 0 0,28** -0,08 - 0,20* - 0,21 * 0,61*** - 0,12 - 0,49*** TSTs 
WAS00 0,03 - 0,18* - 0,28** - 0,17 0,13 0,08 0,49*** WASOs 
WMIN0 - 0,26** - 0,17* -0,13 - 0,14 - 0,24** 0,55*** '() 35*** 

SQ LatB 0 LatS 0 SOT0 TST 0 WAS00 

* Correlation is significant at the 0.05 level 
** Correlation is significant at the 0 .01 level 
*** Correlation is significant at the 0.001 level 

4.2.3 Sleep, mood and performance 

Also the between- and within-subjects correlations of the sleep variables and mood and 

the sleep variables and performance are computed. 

Although some of the between-subjects correlations of sleep and mood and sleep 

and performance are quite high (0.50 or higher), significanee is almost never reached. 

Only the correlation between objectively measured duration of awakenings (WMINs) and 

content is significant (r = - 0.67, p < .05). Even very large correlations, like the one 

between overall sleep quality (SQ) and awake, only approaches significanee (r = 0.83, p 

= .070). Again this may be due to the smaller number of between-subjects observations. 

The between-subjects correlations can be found in appendix 7. 

The within-subjects correlations are lower, but they do reach significanee in more 

cases. These within-subjects correlations are given in Table 6. None of the sleep 

measurements are significantly correlated with performance, social interest or energy 

level. On the other hand, content, calm and relaxed are correlated with three to five sleep 

variables. The most important sleep factors seem to besleep quality and total sleep time, 

but also minutes spent awake during the night and sleep onset latency play a role. Also 

quite a strong correlation is found between content, calm, relaxed on the one hand and 

'day off' on the other. 
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Table 6: Within-sub·ects correlations between slee and mood, social interest and errorrnanee 
A wake Energy Weil Content Calm Relaxed Social Perfor-

interest rnanee 
SQ 0,22* 0,13 0;27* 0,26* 0,37** 0,03 0,06 
LatBs 0,05 O,I2 - O,OI -0;29* - 0,33* -0,20 0,02 -0,02 
LatSs 0,02 O,I5 -0,07 - O,I7 -0,20 - O,I4 0,13 -0,11 
SOTs -0,13 -0,06 -0,03 -0,02 -0,02 O,I9 -0,09 -0,08 
TSTs 0,22* 0,04 0,12 0,32** 0,32** -0,03 -0,02 
WASOs 0,00 0,11 0,00 -0,04 -0,11 -0,18 - O,OI -0,08 
WMINs -0,17 - O,II - O,I4 - O,I6 - O,I9 - 0,20* 0,02 -0,09 
LatB 0 0,00 -0,08 -0,03 -0,09 -0,12 -0,06 O,OI -0,02 
LatS 0 -0,03 -0,08 -0,07 -0,09 0,07 0,04 0,06 -0,06 
SOT 0 - O,I4 - O,I4 O,ül 0,05 -0,08 -0,06 
TST 0 0,20 O,I2 0,08 O,I9 0,02 -0,11 
WAS00 0,00 0,06 0,06 0,09 0,03 O, I3 - O,OI 0,00 
WMINo -0,12 - O,I4 - O,I2 -0,02 0,00 0,07 O,OI 
Day off 0,07 -0,01 0,09 -0,06 0,09 
I) 

* Correlation is significant at the 0.05 level 
** Correlation is significant at the O.OI level 
*** Correlations is significant at the 0.000 level 

I) Day off is coded as a dummy variable: 0 = working day; I =weekend or holiday (Whit Monday) 

4.3 Mixed Linear Models 
In the next paragraphs only the models are discussed in which the independent variables 

have a significant within- or between-subjects effect on the dependent variable. If a 

variabie has a significant effect only at one level (between or within), results are 

displayed for both levels because also both levels are included in the estimation of the 

model parameters. To be clear, significant effects are shaded. The dependent variables 

are discussed one by one. 

First the relationship between the sleep variables and overall sleep quality is 

assessed, to get an idea of what people take into account (unconsciously or consciously) 

when rating their sleep quality. Next the relationships between sleepand mood and sleep 

and performance are discussed. 

The results are described first while the numbers can be found m the 

accompanying tables. 

4.3.1 Sleep quality 

The six objective and six subjective sleep variables are analyzed in relationship to overall 

subjective sleep quality. No between-subjects effects are found. So there are no absolute 
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values forthesleep variables that imply better sleep quality. A person who (for example) 

sleeps longer or awakes less than another person, does not necessarily report better sleep 

quality as well. 

Within subjects, all subjective sleep measures except sleep onset time (SOT) are 

related to sleep quality, just like objectively measured minutes of awakening after sleep 

onset (WMINo) and total sleep time (TST o). All relationships are in the expected 

direction: nights of more sleep go together with higher self-reported sleep quality. 

The roodels that include the number of awakenings (W ASO), duration of 

awakenings (WMIN) or total sleep time (TST) roughly show the best model fit and these 

variables explain quite a large part of the within-subjects varianee in sleep quality: at 

least 28 percent. The time that a person is still awake while trying to sleep (LatS) also 

explains almost 17 percent of this variance. 

The following model characteristics are found: 

-2LL !1. -2LL* Sig rL within 

Null model 571 ,317 

+ Day off 560,433 10,884 0,001 0,074 
+WASOs 523,328 47,989 0,000 0,284 
+WMINs 505,441 65,876 0,000 0,360 . 
+ LatBs 558,169 13,148 0,000 0,085 
+ LatSs 546,035 25,282 0,000 0,169 
+TSTs 522,024 49,293 0,000 0,286 
+WMINo 545,255 26,062 0,000 0,096 
+TSTo 544,622 26,695 0,000 0,100 

* compared to null model 

The corresponding predietors are: 

Between-subjects Within-subjects 
B dj p B dj 

Day off -0,744 139,835 
WASOs -0,193 23,810 -1,431 0,165 -0,593 137,797 
WMINs -0,011 22,799 -1,660 0,111 :..0,030 135,648 
La tBs -0,004 22,472 -0,541 0,594 -0,022 137,768 ' 
Lat Ss 0,004 24,297 0,241 0,811 -0,042 139,536 
TSTs 0,004 23,325 1,142 0,265 0,011 136,493 ' 
WMINo -0,001 22,169 -0,172 0,865 ,, -6;{)11 133;450' 
TSTo -0,001 22,618 -0,202 0,842 0,007 133;307 
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rLbetween 

-0,093 
-0,249 
-0,454 
-0,045 
-0,289 
-0,490 
-0,334 
-0,320 

ICC 

8,563 

9,955 
14,034 
17,551 
9,660 

12,680 
16,337 
12,148 
12,073 

p 

0,001 
0,000 
0,000 
0;000 \ 
'();(}00 j 

. 00 



With this picture of sleep quality in mind, we can further explain the effects of the sleep 

variables, including sleep quality, on mood and on performance. 

4.3.2 Energy 

The first dependent mood variabie that was analyzed in relation to sleep was the self 

reported energy level. The six objective sleep variables, the six subjective sleep variables, 

sleep quality and day off were the independent variables. 

Only one significant effect of sleep on energy is found. This is a between-subjects 

effect of sleep quality. Persons that report a higher sleep quality, also feel more energetic 

during the day. Other effects are not significant. The model in which sleep quality is 

added is a better model than the null model and sleep quality accounts for 31 percent of 

the between-subject varianee in energy. 

The following model characteristics are found: 

-2LL !J. -2LL * Sig rL within 

Null model 
+SQ 

264,582 
252,381 

* compared to null model 

The corresponding predietors are: 

Between subjects 
B dj 

SQ 0,461 

4.3.3 Awake 

12,201 0,000 0,022 

Within subjects 
p B dj 

2,569 0,06897 95,268 

rLbetween 

0,310 

1,362 

ICC 

37,988 
30,179 

p 

0,177 

The second dependent mood variabie is 'awake'. It also is related to the individual 

objective and subjective sleep variables, sleep quality and day off. 

A between-subjects effect of sleep quality and within-subjects effects of sleep 

quality and total sleep time (subjective and objective) are found. So persons who sleep 

better, also feel more awake during the day. Further, aftera night of better sleepand after 

a night of longer sleep, a person feels more awake during the day. The values for TST B 

45 



seem to be very low, but one should remember that this total sleep time is measured in 

minutes. All three models are better compared to the null model, but r2 remains very low, 

except forsleep quality. 

The following model characteristics are found: 

-2LL ~ -2LL* 

Nul! model 294,143 
+SQ 270,826 23,317 
+TSTs 286,543 7,600 
+TSTo 281,857 12,286 

* compared to nul! model 

The corresponding predietors are: 

SQ 
TSTs 
TSTo 

4.3.4 Well 

Between-subjects 
B dj 

0,002 
-0,002 

21 ,676 
20,899 
20,904 

2,865 
0,416 

-0,624 

Sig rL within 

0,000 0,112 
0,006 0,053 
0,000 0,021 

Within-subjects 
p B dj 

0,009 
0,682 
0,539 

. :0,151 
{),003 
0,003 

~ between 

0,347 
-0,010 
0,034 

2,798 
2,414 
2 ,052 

ICC 

42,799 
35,502 
44,400 
42,460 

p 

0,006 
0,018 
0,043 

Next the effect of the sleep variables and day off on wellness was examined. The result is 

that only sleep quality has a significant (within-subjects) effect on wellness. Aftera night 

of better sleep, a person feels better during the next day. The effect size is modest, just 

like the explained variance. However, in predicting wellness, the model in which sleep 

quality is included is better than the null model. 

The following model characteristics are found: 

Null model 
+SQ 

-2LL 

275,617 
263,996 

* compared to null model 
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~ -2LL* 

11,621 

Sig ~ within 

0,001 0,075 

rL between 

-0,012 

ICC 

51,443 
53,689 



The corresponding predietors are: 

Between-subjects Within-subjects 
B dj p B dj p 

SQ 0,184 21,442 0,710 0,486 '0,128 '94.381 ·. 2 ;5'72 0,012 

4.3.5 Content 

The fourth mood variabie is contentedness. The effects of the sleep variables and day off 

on this variabie are described next. 

Three between-subjects relationships are found. Persons who report better sleep 

quality, less awakenings during the night and a shorter duration of awakenings (all 

measured by means of the diary) in general feel more content during the day. The 

explained varianee is moderately high. 

When looking at the (within-subjects) day-to-day association between sleep and 

contentedness, more significant relationships occur. Sleep quality, subjective sleep onset 

latency from the moment a person went to bed and both subjective and objective total 

sleep time are related to the level of contentedness, in such a way that better or more 

sleep goes together with being more content. Awakenings during the night are not 

significantly related to the measurement of content. The model in which subjective total 

sleep time is included is better than the model in which objective total sleep time is 

included. The explained within-person varianee is low in both cases, but slightly higher 

for the objective measurement. However, whether a day is a working day or not explains 

more varianee in contentedness than any of the sleep variables. SPSS has set day off as 

reference, so from the table below, it can be concluded that on working days participants' 

ratingsoftheir level of contentedness on average are reduced by almost 0,5. 
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The following model characteristics are found: 

-2LL t:. -2LL* 

Nul! model 275,342 
+ Day off 263,916 11,426 
+SQ 258,841 16,501 
+WASOs 269,037 6,305 
+WMINs 261 ,647 13,695 
+ LatBs 265,997 9,345 
+ TSTs 257,359 17,983 
+TSTo 262,373 12,969 

* compared to nul! model 

The corresponding predietors are: 

Between-subjects 
B dj 

Day off 
SQ ,375 21,654 2,094 
WASOs ·,182 20,491 -2,679 
WMINs / ... ~0,016 21,846 -3,344 
La tBs -0,007 20,656 -0,97 
TSTs 0,004 20,937 1,448 
TSTo -0,002 20,502 -0,72 

4.3.6 Calm 

Sig rL within r
2 

between 

0,001 0,117 -0,071 
0,000 0,076 0,243 
0,012 0,000 0,357 
0,000 0,020 0,498 
0,002 0,070 0,126 
0,000 0,025 0,108 
0,000 0,038 0,004 

Within-subjects 
p B dj 

0,048 
0,014 
0;003 
0,343 
0,162 
0,480 

-0,019 
-0,004 
-o;oB . 
0,004 
0,003 

96,657 
96,401 

' '99,393;;>''' 
95,155 
91,873 

ICC 

32,127 
36,467 
27,939 
23,348 
19,527 
30,773 
30,209 
32,879 

p 

0,001 
0,004 
0,731 
0,100 
'0,004 
0,000 
0;023 

Next the effect of the subjective and objective sleep variables, sleep quality and day off 

on calmness was examined. 

A large part of the between-subject varianee in calmness is explained by the self

reported duration of nightly awakenings. Persons who spent more time awake during the 

night, also feelless calm during the day. It can not be said that these feelings are caused 

by the nightly awakenings, the opposite may be true as well: persons that are less calm 

during the day also spent more time awake during the night. 

At the within-subject level, the duration of awakening is not significantly related 

to calmness, although significanee is almest reached. Sleep quality, self-reported sleep 

onset latency and total sleep time do reach significanee and the effects are in the same 

direction (better sleep is related to more calmness). For all of these variables, the effect 

size and explained varianee is rather low. It can be seen that, just like before, the 
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subjective measures are better predietors and these result in better models than the 

objective measures. Also, on working days less calmness is reported than on free days. 

The following model characteristics are found: 

-2LL ~ -2LL* Sig r• within ? between ICC 

Nul! model 302,354 - - - - 31,306 
+ Dayoff 295,206 7,148 0,008 0,077 -0,063 34,417 
+SQ 289,580 12,774 0,000 0,058 0,118 29,904 
+WMINs 285,644 16,710 0,000 0,029 0,577 16,561 
+ LatBs 291,063 11,291 0,001 0,102 0,033 32,916 
+ LatSs 297,906 4,448 0,035 0,037 0,044 31,137 
+TSTs 286,069 16,285 0,000 0,104 0,170 29,677 
+TSTo 289,937 12,417 0,000 0,034 -0,072 33,571 

* compared to null model 

The corresponding predietors are: 

Between-subjects Within-subjects 
B dj p B dj p 

Day off -0,412 .... 96,569 -:2,733 
SQ 0,333 21,829 1,581 0,128 0,157 95,·902 . 2,628 
WMINs -0,018 21,683 -3,640 0,001 -0,006 96,446 -1,959 
La tBs 0,002 20,975 0,294 0,772 -0,017 99,360 -3,449 
Lat Ss -0,011 20,397 -0,580 0,568 .!0;013 96,433 -2,040 
TSTs 0,005 20,880 1,630 0,118 0,004 95,212 3.,525 
TSTo -0,001 20,501 -0,252 0,803 0,003 91,845 1,999 

4.3.7 Relaxed 

The last of the six mood items was 'relaxed'. The effect of the objective and subjective 

sleep variables, including sleep quality, and day off on this variabie was examined as 

well. The results are described bere. 

The relationship between sleep and feeling relaxed is similar to the relationship 

between sleep and calmness. Between-subjects differences in sleep are only related to 

differences in the duration of awakenings. Langer awakenings indicate more tension. 

Within subjects, better sleep quality, shorter sleep onset latency and Jonger total sleep 

time are related to more relaxed feelings. Also the moment at which a person falls asleep 

prediets how relaxed a person feels during the day. lf a person goes to bed later, he or she 

feels more relaxed the next day. More then twenty percent of the within-persons varianee 
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is explained by day off. On werking days persons score on average more then six tenth 

lower than of free days. 

The following model characteristics are found: 

-2LL L\ -2LL* 

Null model 283 ,1 03 
+ Day off 260,648 22,455 
+SQ 262,379 20,724 
+WMINs 272,949 10,154 
+ LatBs 278,592 4,511 
+TSTs 269,753 13,350 
+ SOTs 277,801 5,302 
+ TSTo 271 ,105 11 ,998 

* compared to null model 

The corresponding predietors are: 

Day off 
SQ 
WMINs 
La tBs 
TSTs 
SOTs 
TSTo 

Between-subjects 
B dj 

4.3.8 Social interest 

Sig ? within 

0,000 0,217 
0,000 0,144 
0,001 0,043 
0,034 0,040 
0,000 0,106 
0,021 0,055 
0,001 0,014 

Within-subjects 
p B dj 

96,095 . 
95,171 
95,343 
0,005 

94,869 
96,656 
91 

r
1

between ICC 

37,961 
-0,118 46,634 
0,053 40,372 
0,198 33,889 
0,029 38,224 

-0,005 40,766 
-0,019 39,745 
0,076 36,455 

p 

Besides mood, also social interest was expected to he influenced by the sleep variables. 

However, there are no sleep variables that are significantly related to the social interest 

measure. Also 'day off does not influence this variable. A couple of models are 

significantly better in predicting social interest than the null model, but the effects of the 

specific variables do not even approach significance, neither within- nor between

subjects. 

4.3.9 Performance 

Finally, the effect of the sleep variables, sleep quality and day off on performance was 

examined. Also the role of exerted effort is taken into account. 
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A between-subjects effect on performance is found for self-reported number of 

awakenings. A person who sleeps worse also has a lower performance level. 

Within-subjects no relationship between sleep and performance is found. All the 

same two other effects are found. People perform slightly better at working days 

compared to free days. Also, on days that a person exerts more effort, the performance is 

a little worse. Persons who in general exert more effort, perform worse than persons who 

exert less effort. 

The following model characteristics are found: 

-2LL ~ -2LL* 

Nul! model 873,694 
+ Day off 869,209 4,485 
+WASOs 866,724 6,97 
+ Effort 860,990 12,704 

* compared to nul! model 

The corresponding predietors are: 

Day off 
WASOs 
Effort 

Between-subjects 
B dj 

Sig rL within 

0,034 0,031 
0,008 0,007 
0,000 0,059 

Within-subjects 
p B dj 

1,262 
-0,242 

fi/ 2(}~'800 

l30~608 
129,977 
130;081 

rLbetween 

0,018 
0,245 
0,193 

2,134 

ICC 

72,996 
73,258 
67,264 
69,869 

p 

:o;<BS 

When looking at the within-subjects effects, it becomes clear that none of the sleep 

variables is a significant predictor. Therefore, effort is taken into account. The 

relationships between effort and memory and between sleepand effort are examined7
. As 

is displayed in the table above, a significant negative relationship exists between effort 

and memory, indicating that more self-reported effort goes tagether with a worse 

memory. Regarding the within-subjects relationship between sleep and effort only one 

(positive) significant effect is found, namely ofLatS0 : t(128,318) = 2.056, p =.042. So if 

it takes more timetofall asleep, next day's effort rating is higher. As mentioned above, a 

7 It is not possible totest the relationship between sleep, effort and memory at once by means ofthe MLM 
procedure. No other procedures are known that are suitable for use with within-subjects effects. Therefore, 
the relationship are examined separately to visualize the possible effects. 
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higher effort rating goes together with a lower performance. In this way, a negative 

relationship between LatS0 and memory would be expected, but this relationship is not 

significant (t(127,506) = -.625, p = .533). 

Except for LatSo, no significant relationships are found between any of the sleep 

variables and effort, no relationships are found between the sleep variables and memory 

and a negative relationship is found between effort and memory .. 

4.4 Mixed Linear Models repeated: control for day off 

Paragraph 4.3 .1 shows that sleep quality is significantly better during nights that preeede 

a day offthan during nights that preeede a working day. Paragraphs 4.3.5, 4.3.6 and 4.3.7 

show that scores at the scales 'calm', 'relaxed' and 'content' are significantly higherafter 

nights of better sleep quality, but even more during a day off. It may be the case that 

people sleep better during the weekend and therefore feel more calm, relaxed and 

content. Another option is that people feel more calm, relaxed and content just because it 

is weekend, not because of their better sleep. To disentangle these effects, the Mixed 

Model analyses were repeated with 'day off included in all ofthe analyses, to control for 

the influence of this variable. Table 7 gives an overview of the between-subjects results 

ofthese analyses and Table 8 ofthe within-subjects results. These tables can be found on 

page 55 and 56 respectively. 

4.4.1 Changes in between-subjects results 

With respect to between-subjects results, only one difference between the old and new 

analyses was present. The duration of awakenings had a slightly significant effect on 

relaxed feelings (p=.047). After cantrolling for day off, the effect was not significant 

anymore (p=.051). In fact, between-subjects effects are not expected to be essentially 

different befare and after cantrolling for day off. However, the within-subjects effects are 

estimated together in the same model and changes in these effects may also cause small 

changes in the between-subjects effects. 
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4.4.2 Changes in within-subjects results 

Day off had a large effect on sleep quality, contentedness, calmness and relaxed feelings. 

After controlling for day off, the effects of several sleep variables on these dependent 

variables were changed. In some cases only the effect size and explained varianee 

decreased but in other cases effects that had been significant before, were not present 

anymore. The effects of sleep on energy, awake, well, social interest and performance 

remained practically unchanged. Sleep quality tumed out to be no longer significantly 

influenced by objectively measured total sleep time. Larger differences can be found in 

the relationships between the sleep variables and content, calm and relaxed. 

Content 

The time that passes between going to bed and falling asleep, as indicated by the 

participant (LatBs) and the subjective measurement of total sleep time (TST s) both 

influence how content a person feels the next day. The shorter it takes to fall asleep and 

the longer a person sleeps, the more content he or she will feel the next day. The effect 

size of sleep onset latency is larger than the effect size of total sleep time, but the latter 

explains a larger part of the varianee in contentedness. Sleep quality and objectively 

measured total sleep time no longer are significant predictors. 

Calm 

The time that passes between going to bed and falling asleep, as indicated by the 

participant (LatBs) and the subjective measurement of total sleep time (TST s) also 

influence the level of calmness. The effects are in the expected direction: longer sleep 

causes more calmness. The variables that explained less than ten percent of the within

subjects varianee of calmness in the frrst analyses were not significant predietors any 

more when the effects were controlled for the influence of day off. 

Relaxed 

Whether a day is a working day or not explains the largest part of the within-subjects 

varianee in how relaxed a person feels during the day. Sleep quality is the only sleep 

variabie that remains a significant predietor when controlling for day off in the analyses. 
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It roughly explains another six percent of the variance, bes i des the 21,7 percent that is 

explained by day off. 

All in all, after controlling for day off, sleep quality and the subjective assessment of total 

sleep time seem to be the most important variables in relationship to mood. Sleep quality 

is significantly related to how awake, well and relaxed people feel during the day. Total 

sleep time is related to how awake, content and calm a person feels. The last two moods 

are also related to the time that passes between going to bed and falling asleep. Within

subjects differences in energy level, social interestand performance cannot be explained 

by differences in any ofthe sleep variables. 
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Table 7: overview ofbetween-subjects effects of sleep and day off on mood and performance, after 
for off 

Sleep Energy A wake Calm Relaxed Social Perfor-
quality rnanee 

SQ 
B 0,184 0,341 
? 

0,28 0,168 - 1,682 

WASOs 
B - 0,214 - 0,120 - 0,03 0,084 - 0,190 - 0,256 -0,020 
? 

WMINs 
B - 0,011 - 0,007 -0,006 -0,005 - 0,013 0,003 - 0,037 
? 0,525 1) 

LatBs 
B -0,004 - 0,013 -0,001 0,006 -0,007 0,002 -0,003 -0,010 -0,073 
? 

LatSs 
B 0,005 - 0,003 0,011 -0,011 - 0,017 -0,01 - 0,016 -0,004 - 0,134 
? 

TSTs 
B 0,004 0,003 0,002 0,002 0,004 0,005 0,003 - 0,001 -0,008 
? 

SOTs 
B 0,006 0,002 0,002 0,003 
? 

0 -0,002 - 0,001 0,001 0,023 

WAS00 

B 0,011 -0,032 0,007 0,077 
? 

-0,031 0,011 -0,058 0,003 - 0,355 

WMIN0 
B -0,002 -0,002 0,001 0,009 -0,002 -0,005 -0,004 0,004 - 0,018 
? 

LatB0 

B -0,003 - 0,007 0 0,009 
? 

0,003 0,012 0,01 -0,003 - 0,012 

LatS0 
B 0,005 0,008 0,006 0 0,016 0,018 0,021 0,012 0,088 
? 

TST0 

B - 0,001 0 - 0,002 -0,006 -0,002 -0,001 - 0,003 - 0,005 -0,017 
? 

SOT0 
B 0,007 0,004 0,002 -0,002 0,003 0 0,002 0,002 0,034 
? 

Effort 
B 
? 

* p<.05 
** p<.Ol 
*** p<.OOI 

/ = between subjects varianee explained by day off and the specific sleep variable, compared to null model. Only 
displayed in case the sleep variabie has a significant effect on the specific dependent variabie 

I) = the effect was significant in the first analysis; it is not significant anymore after controlling for day off (t(21 ,203) 
= -2,068, p = .051) 
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Table 8: overview ofwithin-subjects effects of sleepand day off on mood and performance, after 
controllin for 'day off' 

Sleep Energy A wake Weil Content Calm Relaxed Social Perfor-
quality interest rnanee 

Day off 
B -0,744** 0,067 - 0,080 0,122 -0,458** - 0,412** -0,635*** 0,047 
? 0,074 0,117 0,077 0,217 

SQ 
B 0,087 0,104 0,112 0,048 0,292 
? 1) 1) 

WASOs 
B - 0,583*** 0,041 0,003 0,023 0,005 - 0,047 -0,069 -0,020 - 0,270 
? 0,348 

WMIN 5 

B ~0,030*** -0,004 -0,005 -0,003 -0,004 -0,005 -0,004 0,001 - 0,012 
? 0,420 

LatBs 
B -0,020** 0,005 0,004 0,001 ' -0;009* - 0,014** - 0,003 0,004 - 0,010 
? 0,142 0,142 0,135 1) 

Lat Ss 
B -0,038*** 0,005 0,002 -0,002 -0,006 - 0,010 0 0,008 -0,048 
? 0,206 1) 

TSTs 
B 0,010*** 0,002 0,003* 0,001 0,003** 0,003* 0,002 0 0,004 
? 0,287 0,056 0,164 0,122 1) 

SOTs 
B -0,004 - 0,001 -0,003 0 -0,002 - 0,002 0,001 - 0,001 0 
? 1) 

WAS00 
B -0,009 0,021 - 0,003 0,010 0,013 -0,005 0,013 0 0,053 
? 

WMIN0 
B -0,012** -0,003 - 0,003 -0,003 0 0 0 0,002 0,002 
? 0.178 

LatB0 

B 0,005 - 0,003 0 - 0,001 - 0,001 - 0,003 - 0,001 0,001 - 0,002 
? 

LatS0 

B 0,006 -0,004 -0,002 -0,003 0,002 0,001 0,001 0,002 -0,009 
? 

TST0 
B 0,005 0,003 0,001 0,001 0,001 0 0,001 -0,002 
? 1) 1) 1) 1) 

SOT0 

B 0 - 0,002 -0,003 - 0,001 - 0,001 - 0,001 0,001 - 0,001 0,002 
? 1) 

Effort 
B :0,785~* 
? O,O!J8 

* p<.05 
** p<.Ol 
*** p<.OOl 

/ = between subjects varianee explained by day off and the specific sleep variable, compared to null model. Only 
displayed in case the sleep variabie bas a significant effect on the specific dependent variabie 

1) = the effect was significant in the first analysis; it is not significant anymore after controlling for day off 

56 



5. Discussion 

In this paragraph, the results are discussed. The limitations of the research are exposed 

and recommendations for further research and implications for technological 

interventions are given. Last, a final condusion is drawn. 

5.1 Discussion of results 

In the present research several objective and subjective sleep variables were related to 

measures of subjective sleep quality, mood and performance, in order to find out which 

measures contribute most to the dependent variables. Next to between-subjects analyses, 

which look at differences between persons, also within-subjects analyses have been 

performed to look at the day-to-day association between sleep and mood and sleep and 

performance. In this way a statement can be made about the causal relationship between 

these variables. After we found out that a significant difference existed between working 

days and days off on several mood measurements, the analyses were repeated and the 

effects of the sleep variables were controlled for the influence of day off. 

First we tried to define the self-reported sleep quality rating that is included as an 

independent variabie in the other analyses. No between-subjects effects were found, so it 

cannot be said that persons who in general sleep longer or better also rate their sleep 

quality higher. Individual needs may play a role in the evaluation of sleep. Indeed, 

within-subjects analyses showed that sleep quality was related to all of the subjective 

sleep variables, except for sleep onset time. In literature unwanted awake time (McCrae, 

et al., 2008), activity during sleep (Dirkx & Verhaegen, 1990, as cited in Totterdell, et al., 

1994) and sleep depth (Keklund & Akerstadt, 1997; Riedel & Lichstein, 1998) are 

mentioned in relation to sleep quality. In the present research these relationships are 

largely confirmed. The main (subjective) variables that related to sleep quality were 

duration of awakenings, total sleep time, number of awakenings and sleep onset latency 

from the moment that a person starts trying to sleep. The subjective measures had more 

predictive power than the objective ones. So for the subjective evaluation of sleep, 

subjective sleep experience seems to be more important than objectively measured 

variables. This might partly be explained by the fact that the sleep diary was tilled in 
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directly after awaking in the moming. It may be the case that people partly inferred the 

estimation of sleep onset latency and number and duration of awakenings (and therefore 

also the total sleep time, which is computed from these numbers) from the subjective 

evaluation of sleep. If a person in reality awoke 7 times during the night, this might have 

been remembered as either (for example) 5 or 9 times, depending on the feeling at 

awakening. 

The relationship between sleep and mood was not the same for all of the included 

mood items. Also different relationships were found for between-subjects and within

subjects analyses. Between-subjects analyses are discussed first. Persons who in general 

reported better sleep quality were more energetic and also felt more awake during the 

day. Also the level of contentedness was positively related to sleep quality. Persons who 

reported less and shorter awakenings during the night, also felt more content during the 

day. A smaller duration of awakenings also went tagether with more calmness. So it 

could be concluded that persons who experience calmer sleep at night, also feel more 

calm and content during the day. The direction of this relationship is not clear. It could be 

the case that calmer sleep leads to calmer feelings, but the relationship could also be the 

other way around: persons who feel more content and calm during the day also feel more 

content and calm during the night and therefore sleep better. Day-to-day within-subjects 

associations between sleep and mood give a better picture of the direction of this kind of 

relationships. 

Several relationships between the sleep variables and contentedness, calmness and 

relaxed feelings were found. Sleep quality was related to relaxed feelings, and total sleep 

time and sleep onset latency were related to calmness and contentedness, in such a way 

that better sleep went with a better mood. No significant within-subjects relationships 

were found between number and duration of awakenings and mood, while between

subjects analyses showed that number and duration of awakenings were the only sleep 

variables that had an effect on mood (besides overall sleep quality). This implies that 

either no direct influence of awakenings on mood is present, or that long awakenings 

have to occur on several nights to have an effect on mood. 

A strong relationship was present between day off on the one hand and calmness, 

contentedness and relaxed feelings on the other. On free days people were more relaxed, 

58 



calm and content. Because of the differences in the analyses that did not control for day 

off and the analyses that did, it can he concluded that on free days persons feel better 

partly because it is a free day and partly because of their better sleep during this period. 

With respect to energy, awake and we11, a few significant relationships are found. 

After a night of better sleep quality, a person also reports more we11ness and feels more 

awake. Sleep duration alone also contributes to the feeling ofbeing awake during the day. 

No within-subjects effects of sleep on energy level are found. So within-subjects 

variatien in energy levels seems to be influenced by other factors than sleep. An example 

could be that persons remove feelings of tiredness by drinking more caffeinated drinks. 

AU in aU, energy level, wellness and feelings of being awake were only little 

influenced by sleep. It is also found that calm, relaxed and content were related to slightly 

more of the sleep variables. In general, self-reported sleep quality was the most important 

sleep variabie in relation to mood, fo11owed by total sleep time. Except for sleep onset 

time, the other variables were at least related tosome ofthe mood items, either within- or 

between-subjects. In most of the analyses only the subjective sleep variables were 

significantly related to mood and the objective ones were not. The same was true for 

overa11 sleep quality. In the two cases that the objective and subjective measure of the 

same variabie both had a significant effect on a dependent variable, the subjective one 

was a better predietor in terms of explained varianee and significanee level of the effect. 

When cernparing the between- and within-subjects effects, it can be concluded that day

to-day variatien in sleep is a more important predietor of mood than sleep in generaL 

We also related sleep to a measure of social interest. None of the sleep variables 

were significantly related to the social interest measure, neither within- nor between

subjects. Totterden et al. (1994) only found effect on social interest from sleep onset time 

and they had operationalised the concept in a way that is different from the one used in 

the present research. In the present research the question was taken from the National 

Sleep Foundation, but we also could not confirm their findings. Maybe the situation in 

which a person finds bimself or herself at the moment of the survey played a role in 

answering this question. It looks like participants have been inclined to indicate that they 

actually wanted to be alone when they were alone and the opposite occurred when being 

in a social situation. This might be explained by the subsequent reasoning. Some social 
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situations are not easily avoidabie because presence is needed, for example at work, or 

because presence is expected, for example at an appointment with friends. It may be the 

case that when being alone a person does not look forward to these kind of social 

encounters, but when finally being in that specific situation, it may not be that bad at all 

and the social interaction may even be appreciated. In this way the social interest measure 

is influenced by the situation. 

The last relationship that was examined was the relationship between sleep and 

performance. Although in laboratory research quite a strong relationship between some 

sleep variables and performance was demonstrated, in the only field study that was 

found, no significant results were present. In the present research we tried to fmd results 

by restricting the time period in which participants were allowed to do the task and by 

taking effort into account. Unfortunately, the results were not very convincing. Between

subjects differences were only found for subjectively measured number of awakenings. 

Within-subjects no relationship between sleep and memory was present. Quite a strong 

relationship between effort and memory existed, but effort itself was not related to sleep, 

except for objectively measured sleep onset latency. If it took more time to fall asleep, 

next day's effort rating was higher. Also, a higher effort rating went tagether with a lower 

performance. In this way, a negative relationship between sleep onset latency and 

memory would be expected, but this relationship was not significant. All in all, it is hard 

to interpret these relationships together. 

Overall, sleep quality and total sleep time seem to have the strongest relationship to 

mood. If sleep quality and total sleep time are improved, persons may feel better during 

the day as well. To imprave sleep quality, the number and duration of awakenings should 

be minimized just like the time people spend awake before falling asleep, and the total 

sleep time should be increased. There is no evidence that improving sleep will also lead 

to improved performance. 

Further, the subjective measures seem to be more important than the objective 

ones, in relation to sleep quality but also in relation to mood. The experience of sleep 

better prediets how people feel than 'real' sleep. 
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5.2 Limitations 

A number of significant results are found in the present research. However, some of the 

results that are significant are open to several interpretations. This may be due to different 

limitations of this study. First some methodological issues arise. Quite some ESM data 

were missing, so the daily mood score is based on a different number of trials for each 

person. Even as few as three trials are used to define mood of a certain day and this 

number may be too small to represent the whole day. Further, only five PDAs and 

sensewear armbands were available at the same time, thus it took a long time to execute 

the experiment. Therefore the number of participants was initially restricted already. It 

was limited even more as a consequence of the large amount of missing data. This limited 

number of participants may have caused the absence of significant results despite the 

large absolute values with respect to between-subjects analyses. Also the measurement 

period might have been too short. Now only four working days and the weekend were 

included. Besides, persons probably keep a rather steady sleep-wake rhythm during the 

working week, and in this way the variation in sleep measures will be too small to display 

and effect on mood. Last, maybe more nights of bad sleep are needed to see an effect of 

sleep on mood. In this research, only day-to-day associations are examined. Further 

research may include more long term effects. 

Another drawback is that not a real prediction model could be established. This 

was due to the high correlation between the sleep variables. In particular it is complicated 

that sleep quality may be significant and another variabie that is included in sleep quality 

as well. Now it is only displayed what variables may influence mood, but the exact 

independent influence of all of them is not known yet. 

Finally, the relationship between sleep and performance remains unclear. It might 

have been better to measure performance using a larger test battery (instead of using just 

one test) that was given several times a day. However, in practice it will be hard for the 

participants to find some time to do the test while they are engaged in work or other 

tasks. 
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5.3 Recommendations 

Based on the limitations described in the previous paragraph, some recommendations for 

further research can be made. First, some practical suggestions are given. 

To get a higher response rate, it might be helpful to use other electronic devices 

instead of the PDAs that were used in this research. Smaller devices, a better sound and 

additional vibration signals would help not to miss any notifications. lt would be wise to 

implement the questionnaire on a mobile phone instead of a PDA. In that way 

MyExperience will probably encounter fewer problems as well. Otherwise more stabie 

software should be used, if that is available. Further, if more devices are available, more 

participants can be tested for a longer time period, which will presumably help to find 

more significant results. 

Also some recommendations can be presented with regard to the data-analyses. 

Now mood is averaged over the whole day, but one might want to look at different parts 

of the day, or the variation over the day. Also the questions that are asked in the evening 

(about caffeine intake and exercising behavior for example) can be taken into account. 

Nevertheless, the analyses will become even more complicated in this way. It then may 

be an option to separate the between- and within-subjects analyses for example by using 

regression modelsas done by Totterdellet al. (1994) for within-subjects analyses. 

The effect of sleep on performance in daily life still remains unclear and this 

should be further investigated. lt may help to include another effort measurement or to 

look for other compensation mechanisms. Also other moments of testing or another test 

battery may be chosen. After all, the variation in sleep in normal living circumstances 

may be too small to noticeably effect changes in performance itself. 

5.4 lmplications for technological interventions 

At this point we will look at the implications of the results for technological 

interventions. Interventions may serve two goals. The first goal is to improve sleep and 

the second goal is to imprave mood and performance by this impravement in sleep. No 

between-subject effects of the sleep variables on sleep quality were found. This implies 

personal differences in sleep need. Technological interventions therefore should be 

personalized instead of focusing on general guidelines like 'sleep 8 hours a night'. 
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Besides, only the subjective measurements effect sleep quality ( except for duration of 

awakenings), implying that the sleep experience is more important than actual sleep. If 

we look at the effects of the sleep variables on overall sleep quality, it can be concluded 

that to improve sleep quality, the subjective experience of the number and duration of 

awakenings should be minimized just like the time people spend awake before falling 

asleep, and the experience of total sleep time should be increased. The real duration of 

nightly awakenings also should be improved. Technica! solutions that try to improve 

sleep therefore should focus on these things. They should help people to fall asleep more 

easily when they awake during the night. Besides, they should let people believe that it 

did not take a lot of time to fall asleep or that they did not stay awake for a long time. 

When people are less conscious of these awake-times, they may feel more relaxed and 

fall asleep easier, improving the experience as well as reducing the real time spent awake. 

Subsequently the total sleep time is improved as well. It may be hard to improve total 

sleep time in another way, because often possible sleep time is restricted due to 

obligations in the moming (work for example) and busy lifestyles. One example of an 

intervention may be relaxation training (for an overview of the effects, see Irwin, Cole, & 

Nicassio, 2006), which could be implemented using a technica! device. In this way 

people can train themselves to relax in order to fall asleep more easily when they go to 

bed and if they a wake during the night, which will improve their overall sleep quality as 

well. 

It would be al little harder to improve people's feelings during the day by only 

improving sleep. The reason for this is that only a couple of sleep variables affect mood 

and that the effect sizes and explained variances are small. Small improvements in mood 

might be created by improving sleep quality, sleep onset latency andlor total sleep time. 

Feelings of being awake and feeling well and relaxed are influenced by sleep quality and 

being awake also by total sleep time. As mentioned in the former paragraph, sleep quality 

might be improved by relaxation. Total sleep time may partly be improved by reducing 

the sleeponset latency (from the moment that a person goes to bed), by spending the time 

in bed sleeping instead of reading a book or watching TV. Contentedness and calmness 

arealso influenced directly by this sleeponset latency. Thus the timespent in bed before 

trying to sleep not only is valuable sleep time, the activities that are done in bed before 
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trying to sleep appear to affect sleep and thus contentedness and calmness during the next 

day as well. Watching TV or reading a hook may seem relaxing, but research shows that 

it is better to keep the bedforsleep only (for example Bootzin, Epstein, & Wood, 1991). 

So, sleep onset latency from the moment that a person goes to bed may also be reduced 

by doing other activities not in but outside the bed and directly start trying to sleep when 

getting into bed. The only technica! intervention that arises is some coaching system that 

helps a person to go to bed only when he or she really feels tired and start trying to sleep 

right away. 

Overall, because the sleep variables are correlated and the unique contribution of 

the sleep variables is not clear yet and, it is hard to predict what the effect of such 

interventions will be and which aspects of sleep really should be improved. 

5.5 Conciosion 

The present research shows between- and within-subjects relationships between sleep 

variables and mood in daily life, in spite of all kinds of events and impressions that also 

influence mood during the day. Subjective sleep measures have the largest effects and 

most of the effects are found within-subjects. This research contributed to the sleep and 

mood research by including several sleep factors and by demonstrating again the relative 

importance of subjective measures. However, in order to unravel the independent 

contribution of the sleep variables and the way in which they may interact, forther 

research is needed. 
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Appendices 

Appendix 1: Dutch version of the Pittsburgh Sleep Quality Index (self-translated) 

De volgende vragen zijn gerelateerd aan uw gebruikelijke slaapgewoonten tijdens de afgelopen maand. De 
antwoorden die u geeft, zouden de beste weergave moeten zijn voor de meerderheid van de dagen en 
nachten in de afgelopen maand. Beantwoord alstublieft alle vragen. 

1. Hoe laat bent u de afgelopen maand meestal naar bed gegaan? 
Gebruikelijke bedtijd: __ 

2. Hoe lang heeft het de afgelopen maand meestal geduurd om 's avonds in slaap te vallen? 
Aantal minuten: 

3. Hoe laat bent u de afgelopen maand's ochtends meestal opgestaan? 
Gebruikelijke tijd van opstaan: __ 

4. Hoeveel uur hebt u de afgelopen maand 's nachts daadwerkelijk geslapen? (Dit kan anders zijn dan het 
aantal uur dat u in bed doorgebracht hebt) 

Uren slaap per nacht: __ 

Bij elk van de volgende vragen kruist u het beste antwoord aan. 

5. Hoe vaak hebt u de afgelopen maand moeite gehad met slapen omdat u: 

Niet Minderdan 1 of2 keer 3 keer per 
gedurende 1 keer per perweek week of 

de afgelopen week vaker 
maand 

Niet binnen 30 minuten kon slapen 
D D D D 

Midden in de nacht of 's ochtends 
D D D D vroeg wakker werd 

Op moest staan om naar het toilet te 
D D D D gaan 

Niet comfortabel kon ademen 
D D D D 

Hard snurkte of hoestte 
D D D D 

Het te koud had 
D D D D 

Het te warm had 
D D D D 

Nare dromen had 
D D D D 

Pijn had 
D D D D 

Andere reden( en), geef alstublieft een 
beschrijving: 

D D D D 
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6. Erg goed Tamelijk Tamelijk Erg slecht 
goed slecht 

Hoe beoordeelt u over het algemeen uw 
slaapkwaliteit van de afgelopen maand D D D D 

7. + 8. Niet Minder dan 1 of2 keer 3 keer per 
gedurende 1 keer per per week week of 

de afgelopen week vaker 
maand 

Hoe vaak hebt u de afgelopen maand 
medicijnen (voorgeschreven of vrij 

D D D D verkrijgbaar) gebruikt om beter te 
slapen? 
Hoe vaak hebt u de afgelopen maand 
moeite gehad om wakker te blijven D D D D 
tijdens maaltijden, autorijden of sociale 
activiteiten? 

9. Helemaal Slechts een Enigszins Een groot 
geen heel klein een probleem 

probleem probleem probleem 
Hoe problematisch is het de afgelopen 
maand voor u geweest om genoeg 
enthousiasme op te brengen om dingen D D D D voor elkaar te krijgen? 

10. Geen Partner of Partner in Partner in 
bedpartner huisgenoot dezelfde hetzelfde 

of in een kamer, maar bed 
huisgenoot andere niet in 

kamer hetzelfde 
bed 

Hebt u een bedpartner of huisgenoot? 
D D D D 

11. Hoeveel uur slaap hebt u over het algemeen per nacht nodig om u de volgende dag niet slaperig te 
voelen? 

Minimaal benodigd aantal uren slaap: __ 
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Appendix 2: Translated version of the Edinburgh Depression Scale 

De volgende uitspraken hebben betrekking op hoe u zich de akelapen 7 dagen hebt gevoeld. Kruis het 
antwoord aan dat het beste aangeeft hoe u zich voelde. Per uitspraak is maar I antwoord mogelijk. 

I) Ik kan lachen en de leuke kant van de dingen inzien. 

0 Zoveel als ik altijd kon 

0 Nu niet zoveel als anders 

0 Zeker nu niet zoveel als anders 

0 Helemaal niet 

2) Ik kijk met plezier naar dingen uit. 

0 Zoals altijd of meer 

0 Wat minder dan ik gewend was 

0 Absoluut minder dan ik gewend was 

0 Nauwelijks 

3) Ik maak mijzelf onnodig verwijten als er iets fout gaat. 

0 Ja, heel vaak 

0 Ja, soms 

0 Niet erg vaak 

0 Neenooit 

4) Ik ben bang of bezorgd zonder dat er een aanleiding is . 

0 Nee, helemaal niet 

0 Nauwelijks 

0 Ja, soms 

0 Ja, zeer vaak 

5) Ik reageer schrikachtig of paniekerig zonder echte reden. 

0 Ja, tamelijk veel 

0 Ja, soms 

0 Nee, niet vaak 

0 Nooit 

6) De dingen groeien me boven het hoofd. 

0 Ja, meestal ben ik er niet tegen opgewassen 

0 Ja, soms ben ik minder goed tegen de dingen opgewassen dan anders 

0 Nee, meestal kan ik de dingen erg goed aan 

0 Nee, ik kan alles even goed aan als anders 

7) Ik voel me zo ongelukkig dat ik er bijna niet van kan slapen. 

0 Ja, meestal 

0 Ja, soms 

0 Niet vaak 

0 Helemaal niet 
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8) Ik voel me somber en beroerd. 

0 Ja, bijna steeds 

0 Ja, tamelijk vaak 

0 Niet erg vaak 

0 Nee, helemaal niet 

9) Ik ben zo ongelukkig dat ik heb zitten huilen. 

0 Ja, heel vaak 

0 Ja, tamelijk vaak 

0 Alleen af en toe 

0 Neenooit 

10) Ik denk er aan om mezelfiets aan te doen. 

0 Ja, tamelijk vaak 

0 Soms 

0 Nauwelijks 

0 Nooit 
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Appendix 3: Dutch-Language Questionnaire for the Selection of Morning and 
Evening Type Individuals 

Nederlandse vragenlijst voor de selectie van ochtend- en avondmensen 

Deze lijst bestaat uit vragen die betrekking hebben op uw activiteiten en activiteitsgevoel ' s morgens en 's 
avonds. Bij het beantwoorden van de vragen I t/m 4 gaat u uit van de situatie waarin u overdag 8 uren moet 
werken, op zélf te kiezen tijden. Beantwoord álle vragen. Kruis slechts één antwoordmogelijkheid aan. 
Beantwoord de vragen zo eerlijk mogelijk. 

1. Als u altijd pas om 01.00 uur naar bed zou mogen, hoeveel moeite zou u daarmee hebben? 

o zeer veel, ik zou tollen van de slaap 
o tamelijk veel, ik zou me allang slaperig voelen 
o niet zoveel, ik zou me een beetje slaperig voelen 
o nauwelijks, geen probleem 

2. Als u altijd om 06.00 uur zou moeten opstaan, hoeveel moeite zou je daarmee hebben? 

o zeer veel, ik zou nog zeer slaperig zijn 
o tamelijk veel, ik zou me nog lang slaperig voelen 
o niet zoveel, een beetje onplezierig, geen groot probleem 
o nauwelijks, geen probleem 

3. Stel: u hebt besloten iets aan conditietraining te gaan doen. Uw vriend( in) stelt voor dit twee keer per 
week één uur te doen. Voor hem (haar) schikt's morgen van 07.00 tot 08.00 uur het meest. Zou dat ook 
voor u zo zijn? 

o deze tijd vind ik optimaal 
o het zal wel gaan 
o het zou me zwaar vallen, liever wat later 
o het zou me té zwaar vallen 

4. Stel: u hebt besloten iets aan conditietraining te gaan doen. Uw vriend( in) stelt voor dit twee keer per 
week één uur te doen. Voor hem (haar) schikt's avonds van 23.00 tot 00.00 uur het meest. Zou dat ook 
voor u zo zijn? 

o deze tijd vind ik optimaal 
o het zal wel gaan 
o het zou me zwaar vallen, liever wat eerder 
o het zou me té zwaar vallen 

5. Streep aan binnen welke tijdsperiode u gewoonlijk naar bed gaat. 
Voorbeeld: 

I I I I I I I x I x I I I I I I 
20.00 21.00 22.00 23.00 00.00 01.00 02.00 03 .00 

I I I I I I I I I I I I 
20.00 21.00 22.00 23.00 00.00 01.00 02.00 03.00 

6. Streep aan binnen welke tijdsperiode u gewoonlijk opstaat. 

I I I I I I I I I I I I I 
05.00 06.00 07.00 08.00 09.00 10.00 11.00 12.00 
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7. Geef aan of u een ochtend- of avond-actief persoon bent. 

o uitgesproken ochtend-actief 
o matig ochtend- actief 
o noch het een, noch het ander 
o matig avond-actief 
o uitgesproken avond-actief 
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Appendix 4: Morning part of the Sleep Diary 

Voor mijn gevoel heb ik deze nacht in totaal zo lang geslapen: _____ uur 
(Geef een schatting; het is niet de bedoeling dat u een exacte duur gaat berekenen) 

Omcirkel voor .elke stelling het getal dat het beste de slaapervaring van deze nacht weergeeft 

Hoe hebt u geslapen? Erg slecht I 2 3 4 5 6 7 Erg goed 
Gemak van in slaap vallen Erg gemakkelijk 1 2 3 4 5 6 7 Erg moeilijk 
Rustige slaap Erg rusteloos 1 2 3 4 5 6 7 Erg kalm 
Gemak van wakker worden Erg gemakkelijk 1 2 3 4 5 6 7 Erg moeilijk 
Hoeveelheid slaap Absoluut te weinig I 2 3 4 5 6 7 Absoluut genoeg 
Gevoel bij het wakker worden Erg moe 1 2 3 4 5 6 7 Ergwakker 

Erg tevreden I 2 3 4 5 6 7 Erg ontevreden 
Erg onrustig 1 2 3 4 5 6 7 Erg rustig 
Erg futloos I 2 3 4 5 6 7 Erg energiek 
Erg onwel 1 2 3 4 5 6 7 Erg gezond 
Erg ontspannen I 2 3 4 5 6 7 Erg gespannen 

Ik ben gister- Daarna heb ik Ik heb het licht Ik ben (vanaf Ik ben zo vaak De totale tijd 
avond in bed dit gedaan: uit gedaan om: dat moment) in wakker gewor- die ik ' s 
gestapt om: (vul (vul de tijd in waar- slaap gevallen den 's nachts: nachts wakker 
de tijd in) op je p robeerde te na: ben geweest: 

gaan slapen) 

O Lezen 
0 TV kijken 
0 Direct 
proberen te 
slapen minuten keer minuten 
0 Anders: 
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Mijn slaap werd ver- Ik werd vanochtend ge- Datwas om: Daarna heb ik Ik ben uitein-
stoord door: wekt door: (vul de tijd in) dit gedaan: delijk opge-
(noem elke emotionele, menta- (1 antwoord kiezen) (geef aan wat je staan om: 
Ie. fys ieke of omgeving~:factor gedaan rot je op- (vul de tijd in) 
die je slaap beinvloedde. bijv. stond) 
temperatuur, geluid, spanning, 
zorgen) 

0 Wekker(radio) 0 Lezen 
0 Iemand die me wakker 0 TV kijken 
zou maken ONogeven 
OGeluid liggen 
0 Licht 0 Direct 
0 Ik werd gewoon opstaan 
wakker 0 Anders: 
OAnders: 

Ruimte voor extra opmerkingen 
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Appendix 5: MyExperience XML file 

<?xml version="l.O" encoding="utf-8" ?> 
: <myexperience name="Emotion" version="l.O"> 
:<sensors> 
:<sensor name="RandomTimeSensor" type="RandomTimeSensor"> 

<property name="MinTimeBetweenPrompts" value="00:30:00" /> 
<property name="NumPromptsPerDay" value="8" /> 
<property name="StartTime" value="09:00:00" /> 
<property name="EndTime" value="21:00:00" /> 

</sensor> 
</sensors> 

: <actions> 
: <action name="RandomNotificationAction" type="NotificationAction"> 

<property name="Title" value="Notificatie" /> 
<property name="Text" value="Het is tijd om de vragenlijst in te vullen. Druk linksonder op OK om te 

starten." /> 
<property name="UseSound" value="true" /> 
<property name="AilowManuaiSnooze" value="false" /> 
<property name="AilowManuaiDismissal" value="false" /> 
<property name="AutoAppendSnoozeCount" value="false" /> 
<property name="MaximumReminders" value="O" /> 
<property name="IgnorePboneProfile" value="false" /> 
<property name="Displaylnterval" value="OO:OS:OO" /> 

</action> 
: <action name="EmotionSurvey" type="SurveyAction"> 

<property name="EntryQuestionld">Piaats</property> 
<property name="AilowBack" value="false" /> 

</action> 
</actions> 

: <triggers> 
: <trigger name="RandomTrigger" type="Trigger"> 

<script>randomSensorSnapsbot = GetSensorStateSnapsbot("RandomTimeSensor"); 
if(randomSensorSnapshot.StateEntered = true){ notifyAction = 
CreateAction("RandomNotificationAction"); retVal = notifyAction.Run(); if (retVal ="OK"){ 
surveyAction = CreateAction("EmotionSurvey"); surveyAction.Run();} }</script> 

</trigger> 
</triggers> 

: <questions> 
: <question id="Piaats" text="Waar bent u op dit moment?"> 

<property name="NextQuestionld">Aanwezig</property> 
: <response widget="RadioButtonList"> 

<property name=" AutoDisplay Index" value="false" /> 
: <options> 

<option>Tbuis</option> 
<option>Werk I Studie</option> 
<option>Sport</option> 
<option>Onderweg</option> 
<option>Overig</option> 

</op ti ons> 
</response> 
</question> 

: <question id="Aanwezig" text="Wie is er verder nog aanwezig? (meerdere antwoorden mogelijk)"> 
<property name="NextQuestionld">lnteractie</property> 

:<response widget="CbeckBoxList"> 
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<property name=" AutoDisplay Index" value="false" /> 
: <options> 

<option> Partner</ option> 
<option>Kind(eren)</option> 
<option> Andere familie</option> 
<option> Vrienden</ option> 
<option>Collega's</option> 
<option>Ik ben alleen</option> 
<option>Overig</option> 

</options> 
</response> 
</question> 

: <question id="Interactie" text="In hoeverre staat u op dit moment open voor sociale interactie?"> 
<property name="NextQuestionld">Effort</property> 

: <response widget="RadioButtonList"> 
<property name=" AutoDisplay Index" value="false" /> 

: <options> 
<option>l Ik streef naar interactie</option> 
<option>2</option> 
<option> 3</option> 
<option>4 Neutraal</option> 
<op ti on>S</ op ti on> 
<op ti on>6</ option> 
<option>7 Ik geef er de voorkeur aan om alleen te zijn</option> 

</options> 
</response> 
</question> 

: <question id="Effort" text="Hoeveel inspanning kostten uw activiteiten gedurende het laatste kwartier 
u?"> 

<property name="NextQuestionld">Energyl </property> 
: <response widget="RadioButtonList"> 

<property name=" AutoDisplay Index" value="false" /> 

: <options> 
<option>l Helemaal geen inspanning</option> 
<option>2</option> 
<op ti on> 3</ op ti on> 
<option>4 Behoorlijke inspanning</option> 
<option>S</option> 
<option>6</ op ti on> 
<option>7 Maximale inspanning</option> 

</op ti ons> 
</response> 
</question> 

: <question id="Energyl" text="Ik voel me op dit moment:"> 
<property name="NextQuestionld">Tevredenl </property> 

: <response widget="RadioButtonList"> 
<property name="AutoDisplaylndex" value="false" /> 

: <options> 
<option>l Erg moe</option> 
<option>2</option> 
<op ti on> 3</ option> 
<option>4</ op ti on> 
<option>S</option> 
<op ti on>6</ op ti on> 
<option>7 Erg wakker</option> 
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</op ti ons> 
</response> 
</question> 

: <question id="Tevredenl" text="Ik voel me op dit moment:"> 
<property name="NextQuestionld">Rustl </property> 

: <response widget="RadioButtonList"> 
<property name="AutoDisplaylndex" value="false" /> 

: <options> 
<option>l Erg tevreden</option> 
<option>2</option> 
<op ti on> 3</ op ti on> 
<op ti on>4</ option> 
<op ti on>S</ op ti on> 
<op ti on>6</ op ti on> 
<option>7 Erg ontevreden</option> 

</options> 
</response> 
</question> 

: <question id="Rustl" text="Ik voel me op dit moment:"> 
<property name="NextQuestionld">Energy2</property> 

: <response widget="RadioButtonList"> 
<property name="AutoDisplaylndex" value="false" /> 

: <options> 
<option>l Erg onrustig</option> 
<op ti on> 2 </op ti on> 
<option> 3</option> 
<option>4</option> 
<op ti on>S</ op ti on> 
<option>6</option> 
<option>7 Erg rustig</option> 

</options> 
</response> 
</question> 

: <question id="Energy2" text="Ik voel me op dit moment:"> 
<property name="NextQuestionld">Tevreden2</property> 

: <response widget="RadioButtonList"> 
<property name=" AutoDisplay Index" value="false" /> 

: <options> 
<option>l Erg energiek</option> 
<op ti on> 2 </op ti on> 
<option>3</option> 
<op ti on>4</ op ti on> 
<option>S</option> 
<option>6</option> 
<option>7 Erg futloos</option> 

</options> 
</response> 
</question> 

: <question id="Tevreden2" text="lk voel me op dit moment:"> 
<property name="NextQuestionld">Rust2</property> 

: <response widget="RadioButtonList"> 
<property namc="AutoDisplaylndex" value="false" /> 

: <options> 
<option>l Erg onwel</option> 
<option>2</option> 
<op ti on> 3</ option> 
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<option>4</option> 
<op ti on>5</ op ti on> 
<op ti on>6</ option> 
<option>7 Erg gezond</option> 

</options> 
</response> 
</question> 

: <question id="Rust2" text="lk voel me op dit moment:"> 
<property name="NextQuestionld">Emotie</property> 

: <response widget="RadioButtonList"> 
<property name=" AutoDisplay Index" value="false" /> 

: <options> 
<option>l Erg ontspannen</option> 
<option> 2 </ option> 
<op ti on> 3</ op ti on> 
<option>4</option> 
<option>5</option> 
<option>6</option> 
<option>7 Erg gespannen</option> 

</options> 
</response> 
</question> 

: <question id="Emotie" text="Hebt u het afgelopen kwartier nog een EMOTIE, die werd opgewekt door 
een specifieke gebeurtenis, ervaren?"> 

: <response widget="RadioButtonList"> 
<property name="AutoDisplaylndex" value="false" /> 

: <options> 
<option goto="Einde">Nee</option> 
<option goto="Valence">Ja</option> 

</options> 
</response> 
</question> 

: <question id="Valence" text="De emotie die ik voelde was:"> 
<property name="NextQuestionld">Arousal</property> 

: <response widget="RadioButtonList"> 
<property name="AutoDisplaylndex" value="false" /> 

: <options> 
<option>l Negatief</option> 
<option>2</option> 
<option>3</option> 
<option>4 Neutraal</option> 
<option>5</option> 
<op ti on>6</ op ti on> 
<option>7 Positief</option> 

</op ti ons> 
</response> 
</question> 

: <question id="Arousal" text="Tijdens het ervaren van deze emotie voelde ik me:"> 
<property name="NextQuestionld">Emotiekeuze</property> 

: <response widget="RadioButtonList"> 
<property name=" AutoDisplay Index" value="false" /> 

: <options> 
<option> 1 Kalm</option> 
<option>2</option> 
<op ti on> 3</ op ti on> 
<option>4 Neutraal</option> 
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<option>S</option> 
<option>6</option> 
<option>7 Opgewonden</option> 

</options> 
</response> 
</question> 

: <question id="Emotiekeuze" text="De emotie die ik voelde, kan het beste omschreven worden als:"> 
<property name="NextQuestionld">Sterkte</property> 

: <response widget="ComboBox"> 
: <options> 

<option>Amusement</option> 
<option>Angst</option> 
<op ti on> Blijdschap</ op ti on> 
<option>Boosheid</option> 
<option>Ergernis</option> 
<option>Medelijden</option> 
<option>Ontspanning<loption> 
<option>Schrik</option> 
<option>Tevredenheid</option> 
<option> Verbazing</option> 
<option> Verdriet</option> 
<op ti on> Verrassing</ op ti on> 
<option> Verrukking</option> 
<option> Verveling</option> 
<option> Weerzin</option> 

</options> 
</response> 

<script event="OnComplete">emoAntw = GetResponseQ.Value;SetProperty(" emo", emoAntw);</script> 
</question> 

: <question id="Sterkte" text="Hoe sterk voelde u de emotie '@emo'?"> 
<parameter name=" emo">return GetProperty(" emo ");</parameter> 
<property name="NextQuestionld">Einde</property> 

: <response widget="RadioButtonList"> 
<property name="AutoDisplaylndex" value="false" /> 

: <options> 
<option>l Zeer zwak</option> 
<option>2</option> 
<option>3</option> 
<option>4</option> 
<opti on>S</ op ti on> 
<op ti on>6</ option> 
<option>7 Zeer sterk</option> 

</options> 
</response> 
</question> 

: <question id="Einde" tcxt="Dit was de laatste vraag. Klik op Next om deze sessie af te sluiten"> 
<response widget="EmptyWidget" /> 

</question> 
</questions> 
</myexperience> 
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Appendix 6: Dutch mood items 

Dutch items English items German items Original 
preceded by "Ve " preceded b "Sehr" dimension 

moe ti red a wake müde wach E+ 
tevreden ontevreden content discontent zufrieden unzufrieden V-
onrustig rustig agitated calm unruhig ruhig C+ 
energiek futloos full of energy without energy energiegeladen energielos E-

onwel gezond unwell well unwohl wo hl V+ 
ontspannen gespannen relaxed tense entspannt angespannt C-
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Appendix 7: Between-subjects correlations of sleep and mood 

B I . b etween-su JJects corre atwns etween s eep an d d . I. d rfi moo , socta mterest an pe ormance 
A wake Energy Weil Content Calm Relaxed Social Perfor-

interest rnanee 
SQ 0,83 0,69 0,18 0,60 0,43 0,32 . 0,17 -0,23 
LatBs 0,02 -0,38 0,16 -0,04 0,25 0,08 -0,35 -0,23 
LatS s 0,18 0,02 - 0,18 -0,13 -0,00 - 0,13 -0,15 -0,19 
SOT s 0,15 0,19 - 0,18 0,11 -0,07 -0,06 0,06 0,19 
TSTs 0,16 0,32 0,07 0,32 0,32 0,19 -0,11 -0,09 
WASOs -0,06 -0,26 0,13 -0,58 -0,33 -0,43 -0,01 - 0,51 
WMINs -0,19 -0,23 - 0,17 -0,67* -0,67 -0,46 0,15 -0,17 
LatB 0 - 0,01 -0,30 0,23 0,16 0,48 0,35 - 0,16 -0,03 
LatS 0 -0,16 0,28 0,04 0,50 0,48 0,57 0,34 0,25 
SOT 0 0,13 0,28 -0,20 0,20 -0,02 0,05 0,16 0,31 
TST 0 -0,21 0,03 -0,42 -0,27 -0,20 -0,28 -0,34 -0,13 
WAS00 0,02 -0,19 0,27 -0,1 6 -0,00 -0,20 -0,01 - 0,16 
WMINo 0,06 -0,08 0,45 -0,08 -0,20 - 0,19 0,18 - 0,12 

* Correlation is significant at the 0.05 level 
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