
 Eindhoven University of Technology

MASTER

Exploring the sleep-wake rhythm, light exposure, and use of alchohol among students and
chronic alcohol addicts

Mertens, S.H.H.

Award date:
2017

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/07302440-08a6-40c0-add0-4ed495d8a54b


 

      Eindhoven, September 2017 

 

Exploring the sleep-wake rhythm, light exposure, and use of 

alcohol among students and chronic alcohol addicts 

 

 

by 

Suzanne Mertens 

0772289 

 

 

 

in partial fulfillment of the requirements for the degree of 

Master of Science 

in Human-Technology Interaction 

 

 

 

 

 

 

Supervisors: 

dr. ir. K. C. H. J. Smolders  Faculty of Industrial Engineering & Innovation Sciences 

prof. dr. ir. Y. A. W. de Kort  Faculty of Industrial Engineering & Innovation Sciences  

C. Verbrugge    Novadic-Kentron 

 

 

Human-Technology Interaction, 

Faculty of Industrial Engineering & Innovation Sciences  



ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subject code: Master Thesis project HTI - 0PP06 

Keywords: Alcohol, Alcoholism, Circadian rhythm, Sleep (disorders), Light exposure, Vitality, Self-

control 

 



iii 

 

Preface 

This master thesis is the result of my graduation project, the final stage of the master Human-

Technology Interaction at the Eindhoven University of Technology. In this way, I would like to thank 

the people who made this possible.  

 

First, I would like to thank my first supervisor, Karin Smolders. Her enthusiasm, positivity, and 

continuous support helped me greatly in the whole process and the weekly meetings really kept me 

motivated. My gratitude also goes to my second supervisor Yvonne de Kort, for sharing her 

knowledge and valuable insights. Without them, I would not have been able to complete this 

challenging project. I would also like to thank Laura Huiberts, for fulfilling the role of third 

supervisor. Furthermore, thanks goes to Victor Buwalda for giving me the opportunity to conduct this 

project at Novadic-Kentron. A special thanks goes out to Cor Verbrugge, my company supervisor, 

who helped me greatly in the process of gathering participants. I would also like to thank the members 

of the FACT Den Bosch, who made the contact with the participants possible, and of course a thank 

you to all the participants.  

 

Six years of studying at the TU/e comes to an end with this thesis. Many thanks to everyone who 

helped making these six years awesome, where organizing the Industria Congres and my exchange 

semester in Singapore were the absolute highlights. A special thanks to the fellow residents of cabinet 

0.97A for the occasional coffee tea breaks.  

 

Last but not least, I would like to thank my parents and sister for supporting me throughout my whole 

path through university. Finally, my deepest gratitude goes out to Geert. Thank you for always being 

there for me, for making me laugh no matter what, and for being the greatest boyfriend.  

 

Suzanne Mertens 



iv 

 

Abstract 

The current study researched interrelationships between the sleep-wake rhythm, light exposure, and 

alcohol use among students and chronic alcoholics. Sleep disorders can negatively affect cognitive 

abilities, such as decision making and self-control. The circadian rhythm of chronic alcoholics is often 

disturbed, while cognitive abilities are of great importance for alcoholics, since resisting the 

temptation of alcohol requires self-control. Getting sufficient sleep is particularly relevant for 

alcoholics, since sleep restores self-control. In a diary study, twenty students and three alcoholics 

reported their sleep timings, mood, and use of alcohol for over a week, and by means of an Actiwatch 

and Lightlogger the objective sleep data and light exposure were measured. Closings interviews were 

conducted in order to get more insights in the sleep-wake rhythm and alcohol use of the participants. 

Results revealed that alcoholics had more varying sleeping patterns and lower subjective sleep quality 

as compared to the students. With respect to alcohol consumption, students drank mostly in social 

context and in weekends, whereas the alcoholics did not. Furthermore, students mostly drank in the 

late afternoon and evening, while the alcoholics consumed alcohol throughout the entire day. No 

patterns were found in the relation between sleep and alcohol the next day, however there were effects 

found of alcohol consumption on sleep the subsequent night among students. The current study was 

experienced as confronting among the alcoholics, due to self-awareness the diary caused. The new 

insights gathered by both quantitative and qualitative research provided valuable recommendations for 

further research with chronic alcohol addicts. Monitoring mental and behavioral change during the 

study and aftercare is strongly recommended. With respect to light interventions, adjuvant light 

therapy tailored to the participants’ sleeping pattern is suggested. This explorative study is a first step 

towards developing a lighting intervention to help chronic alcoholic addicts establish an entrained 

sleep-wake rhythm, in order to obtain a more structured life and consequently keep their alcohol use 

under control.  
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1. Introduction 

Novadic-Kentron researched in 2013 the number of alcohol addicts in The Netherlands. Their results 

revealed that in total, there are almost ten million alcohol users in The Netherlands. Eight percent of 

these users are addicted to alcohol, which is 800.000 persons. Only four percent of these addicts are 

being treated (30.000 persons). 

Being addicted to alcohol can lead to several problems, physically, mentally, and also societally. 

Trimbos instituut (2014) described these problems: people who suffer from alcohol addiction can 

damage their organs such as their heart, kidneys, liver, or lungs, and heavy drinkers have an increased 

chance of getting cancer. Mentally, addicts are more likely to suffer from depression, anxiety, or 

aggression as compared to non-addicts. Shame is also a common issue, which can lead to an isolated 

life. The annual societal costs of alcohol consumption are between 2.3 and 2.9 billion euros (Jellinek, 

2017), of which premature deaths and production losses are the main contributors and approximately 

425 million euros concern healthcare costs. All in all, alcohol (addiction) is a major concern, 

personally as well as societally, and in this area still many gains can be made.  

Websites that offer support for alcoholics in their drinking behavior, give several tips for how to 

deal with the addiction and cravings. The most common advices are to exercise, eat healthy and 

regularly, get enough sleep, take enough rest, and drink enough water (De Hoop ggz, n.d. a; Stop 

Drinking Alcohol, n.d.; Smith, Robinson, & Segal, 2017). One of the reasons why sleep plays such an 

important role in dealing with an addiction is that your sleep-wake cycle affects cognitive abilities 

such as decision making (van Dongen & Dinges, 2005). Therefore, when a person gets a decent 

amount of sleep, his or her decision making skills are more effective (AMFM, 2017). Also, when 

getting enough sleep a person is better able to resist temptations, which is very important in the case of 

an alcohol addiction (Meldrum, Barnes, & Hay, 2013). This is particularly relevant as persons 

suffering from alcohol addiction may also experience sleep problems (e.g. Brower, 2001; Roehrs & 

Roth, 2001). 

However, little scientific research has been done to the effect of a healthy sleep-wake cycle to 

reduced alcohol cravings. On the contrary, most research is focused on the effect alcohol has on sleep, 

instead of the other way around. Therefore, we want to explore the gap there is concerning a healthy 

sleep-wake cycle and its effect on the use of alcohol among chronic alcohol addicts.  

This research is performed at Novadic-Kentron (N-K), which is the largest addiction treatment 

clinic in Noord-Brabant, The Netherlands. They offer treatments for all sorts of addictions such as 

drugs, alcohol, medicines, gambling, and gaming. The policy of N-K is trying to help everyone with 

their problems, from a first-time quitter to chronic patients. N-K treats almost 9.000 clients a year, 

with the help of 1.100 employees. Treatment can take place in several ways. Rehabilitation can happen 

from home, in the neighborhood, at a general practitioner, and in the N-K clinics. The FACT team, 
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short for Flexible Assertive Community Treatment, helps the ambulant patients. Among others 

psychiatrists, psychologists, case managers, and experts of experience can be part of this team. The 

help this team offers is broader than one might expect: first it pertains to help with the treatment, but 

also with, for example, daytime activities, living and family life, participating in society, and personal 

goals or wishes. The main goal of N-K is getting the life of the client back on track. 

This thesis focuses on clients of N-K whose addiction is primarily a chronic alcohol addiction and 

currently undergo ambulant treatment. Furthermore, we will also explore the relationship between the 

sleep-wake cycle and alcohol consumption among students who consume alcohol on a regular basis. 
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2. Theoretical framework 

2.1  Sleep 

Sleep is an important part of human life. On average, one-third of a human life is spent sleeping 

(National Sleep Foundation, n.d.). The adequate amount of sleep which healthy individuals need 

depends on their stage of life. For example, the appropriate amount of sleep for newborns is between 

14 and 17 hours, teenagers between 8 and 10 hours, and adults need 7 to 9 hours of sleep (Hirshkowitz 

et al., 2015). Sleep is important for several reasons. First of all, it affects the immune system (Irwin et 

al., 1996). When a person suffers from sleep loss, even for one night, cells that take care of your 

immune system are less active compared to a night with sufficient sleep. Consequently, the body is 

more vulnerable for viruses (Irwin et al., 1996). A loss of sleep can also lead to an increased risk of 

obesity (Beccuti & Pannain, 2011), furthermore it can lead to an increased risk of heart problems 

(Chandola, Ferrie, Perski, Akbaraly, & Marmot, 2010). Sleep also influences cognitive functions, such 

as decision making, impulse control, and goal-directed behaviors (Burke, Scheer, Ronda, Czeisler, & 

Wright, 2015). Disturbed sleep can have severe consequences. For example, it can lead to depressive 

disorders, can intensify mental illnesses, might make you feel anxious or depressed, or can cause 

trouble in remember things (National Sleep Foundation, n.d.; Mental Health Foundation, 2011; 

WebMD, 2015). Sleep disturbances can also lead to feelings of worse well-being and feeling less fresh 

(Naitoh, Kelly, & Englund, 1990). Job performance is affected by a disturbed sleep as well, since it 

can lead to a decreased willingness to work hard, a decreased feeling of being in control of things, and 

being less efficient in tasks one performs (Naitoh et al., 1990). A recent study by Czeisler (2015) 

reports that sleep timing and sleep quality are equally important to an individual’s health and well-

being as sleep duration. Altogether, we can conclude that the duration, quality, and timing of sleep are 

all important for the overall well-being of a person, physically as well as mentally.  

 

2.1.1 Two-process model 

According to the two-process model, the sleep-wake cycle is mainly regulated by two endogenous 

processes, consisting of the circadian (process C) and the homeostatic process (process S) (Borbély, 

Daan, Wirz-Justice, & Deboer, 2016). The word circadian comes from the Latin ‘circa diem’, meaning 

‘about a day’, so about 24 hours. The circadian rhythm is the 24-hour rhythm humans have, also 

known as the biological clock. One of the most well-known circadian rhythms is our sleep-wake cycle. 

The generator and synchronizer of this circadian process is located in the suprachiasmatic nuclei 

(SCN), known as the circadian pacemaker (Dijk & Archer, 2009; Fu, Liao, Do, & Yau, 2005). Under 

normal conditions, the biological clock is synchronized with the light-dark cycle on earth. However, 
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the rhythm of the SCN is not exactly 24 hours and thus needs to be adjusted on a daily basis (Münch 

& Bromundt, 2012). This adjustment is called entrainment (Bjorvatn & Pallesen, 2009) and external 

time cues (so-called Zeitgebers) are crucial for circadian entrainment. Light input on the retina is the 

most important cue (Berson, 2003), but melatonin levels, social cues, food intake, exercise, and 

temperature also play a role (Garbazza et al., 2016). When the circadian rhythm and the external time 

cues are aligned, entrainment is in place (Vitaterna, Takahashi, & Turek, 2001).  

The homeostatic process (process S) refers to sleep pressure as a function of the amount of time 

that you are awake: the more hours you spend awake, the higher the sleep pressure. Once you fall 

asleep, the sleep pressure dissipates, with the decay depending on the sleep stage you are in. During 

slow-wave sleep the decay is faster, and in the REM sleep stage the decay rate is slower (Chellappa & 

Cajochen, 2010). When your homeostat reaches the lower threshold, awakening is triggered; when 

reaching the upper threshold you are triggered to fall asleep (Borbély et al., 2016). Borbély et al. 

(2016) explain that the two processes interact continuously with each other for the regulation of sleep. 

Figure 2.1 shows the interaction between the two processes. 

 

Figure 2.1 Two-process model of sleep-wake regulation (How Sleep Works, 2013). 

 

During daytime, the two processes counteract to boost wakefulness: the sleep pressure (process S) 

increases, and simultaneously the circadian pressure (process C) drives wakefulness. This leads to a 

stable wake-promoting signal during the day. Figure 2.1 shows that when the gap between process S 

and C is the biggest, you fall asleep. During the biological night, the processes work together to boost 

sleep in a similar way: the homeostatic pressure decreases and the circadian pressure to wake up 

decreases as well. The overall result is that the individual is able to sleep during the night and is awake 

during the day (van Dongen & Dinges, 2005). However, there are still many things unclear about how 

the interaction between the two processes exactly finds place. Other research suggests that the 

processes interact on a molecular or genetic level also, where clock genes play a role in the 

homeostatic process (Borbély et al., 2016). 
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2.1.2 Circadian misalignment 

The circadian rhythm can also be disturbed, i.e. misaligned with the 24-hour schedule. This means that 

the circadian rhythm is not entrained to the 24-hour rhythm, so the internal clock and the external 

environment are not synchronized according to a constant phase relationship. This is called a ‘free-

running’ rhythm (Brown, Quan, & Eichling, 2011). This is the case, for example, in shift working or 

when flying to another time zone, but it can also be caused by a sleep disorder. There are several sorts 

of sleep disorders, such as the Advanced or Delayed Sleep-Phase Syndrome, or the Shiftwork Sleep 

Disorder (Gooley, 2008). Each disorder has its own symptoms and treatments. For example, when 

suffering from Advanced Sleep-Phase Syndrome, the goal is to achieve later sleep-wake times 

(Gooley, 2008; Terman & Terman, 2005). A free-running rhythm is also known as the Non-24-Hour 

Sleep Wake Disorder. Most people suffering from this disorder have a 25 or 26-hour cycle. The 

biggest consequence of this sleeping disorder is that the regular society lives through a 24-hour cycle, 

making it hard for the patient to follow this rhythm (American Sleep Association, 2007).  

 

2.1.3 Chronotype and social jetlag 

Chronotype is defined by Roenneberg (2012) as ‘the individual differences in when people sleep’ or 

‘phase of entrainment’, meaning the preferred time of going to bed and waking up. It is also referred to 

as morningness-eveningness. The core difference between the morning- and evening-types is the 

circadian phase, with late chronotypes (evening persons) showing a larger phase angle in relation to a 

marker of external time as compared to early chronotypes (morning persons). Several factors affect 

chronotype, such as age, gender, and ethnicity, but there is also a genetic basis for it (Goel, Basner, 

Rao, & Dinges, 2013). An individuals’ chronotype is not fixed despite its genetic component, since it 

also depends on environmental factors such as light exposure. In fact, the phase of entrainment of 

one’s sleep-wake cycle is not controlled by local clock time, but by light (i.e. the sun) (Roenneberg, 

2012).  

There are differences between the ‘early larks’ and ‘late owls’, both in personalities and in 

behavior. Wang and Hu (2015) report that morning types generally perform best before noon, whereas 

evening types peek after 17:00, both mentally and physically. Late chronotypes have been related to 

more impulsive, sensation and novelty seeking personality traits, and have a tendency to be less eager 

to avoid harm. They may also experience worse self-regulation than early chronotypes. Early 

chronotypes on the other hand, have been related to more self-control and being less prone to 

procrastination (Wang & Hu, 2015). An explanation for this can be that evening types use more self-

control resources to function properly in daytime, consequently their resources deplete faster during 

the day than the resources of morning types do (Curtis, Burkley, & Burkley, 2014).  
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Typical work- and school schedules are tailored to morning types, since they start in the early 

morning. For the evening types, this might cause a sleep loss during working- or schooldays, leading 

to a so-called social jetlag. In weekends, the evening-types have to compensate the sleep loss by 

sleeping longer. The effects of the social jetlag are not just visible in the hours of sleep, since research 

shows that late owls also experience lower sleep quality, feel more tired and experience less feelings 

of vitality during the day compared to the early larks (Wittmann, Dinich, Merrow, & Roenneberg, 

2006; Wittmann, Paulus, & Roenneberg, 2010). Next to this, late types drink more alcohol and smoke 

more cigarettes because of their lacking capacity to deal with the social demand during the day. So not 

being a late chronotype, but the fact that a late type suffers a social jetlag can lead to less self-control 

(Wittmann et al., 2006), and consequently result in late types being worse in resisting temptations like 

alcohol and cigarettes. Another explanation for the fact late chronotypes drink more, can be that they 

use alcohol to try to fall asleep earlier (Wittmann et al., 2010). 

 

Figure 2.2 Health-related behaviors as a function of chronotype (Wittmann et al., 2006). 

 

As can be seen in Figure 2.2, a big part of alcohol consumers experiences a major social jetlag. In 

general, extreme late types (i.e. >7, meaning the midsleep is at least at 7:00, so they prefer not go to 

sleep before 3:00 when sleeping eight hours at night) experience more depressed moods, smoke more, 

and consume more caffeinated drinks and alcohol than earlier chronotypes. 
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2.1.4 Self-control 

Self-control is defined by Hagger (2010) as ‘the ability or capacity to overcome or resist impulses and 

temptations, and modify behavior through active and conscious means’. When an individual uses his 

or her self-control in situations, the amount of self-control will decrease for that moment. Once ability 

to control oneself is substantially reduced, it becomes very difficult for the person to keep resisting 

temptations. It is then necessary that self-control resources are complemented. Sleep is one of the most 

important resources for self-control (Baumeister, 2002): while sleeping, the self-control resources 

restore. This is in line with findings of Parrot, Garnham, Wesnes and Pincock (1996), who found that 

when an individual tries to quit smoking and sleeps sufficiently, the attempt to quit is more likely to be 

successful because they are better able to resist cravings. Parrot et al. (1996) recommend that 

individuals who try to resist certain cravings should get help to steer a healthy sleep pattern, because 

their self-control will be challenged frequently. They claim this leads to a maintained behavioral 

change and consequently positive health effects. Furthermore, there appears to be a positive 

relationship between feelings of vitality and the amount of self-control a person experiences 

(Muraven, Gagné, & Rosman, 2008; de Kort et al., 2011). Muraven et al. (2008) argue that when one 

feels vital, one’s self-control restores quicker. 

 

2.2  Light 

2.2.1 Effects of light 

The rods and cones in our eyes are called photoreceptors. They are responsible for collecting and 

translating light that reaches our eyes into meaningful visions so we can actually see things (Cajochen, 

2007), i.e. image-forming vision. But light does much more than making vision possible, it namely 

also influences our functioning via the non-image forming (NIF) system. Largely driven by a more 

 

Figure 2.3 Schematic overview of the effect of light (Smolders, 2013). 
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recently discovered third type of photoreceptor cell, the intrinsic photosensitive retinal ganglion cell 

(ipRGC), non-image-forming functions are possible. The photopigment in ipRGCs is melanopsin, 

these cells can encode ambient light (Berson, 2003) and relay this photopic information to subcortical 

regions in the brain, particularly the SCN. Smolders (2013) described that light has two sorts of non-

image forming effects: acute effects and circadian effects (see Figure 2.3). The acute effects of the NIF 

pathway influence among others the heart rate, hormonal secretion (such as melatonin), body 

temperature, sleep propensity, pupillary light reflex, alertness, performance on cognitive tasks, and 

activity levels (van Dongen & Kerkhof, 2011; Vandewalle, Maquet & Dijk, 2009). The circadian 

effect relates to the phase-shifting effects of light on the biological clock, i.e. circadian rhythm. As 

already highlighted in paragraph 2.1.1, the SCN is connected to the eye’s retina and is responsible for 

entrainment with the light-dark cycle on earth (Dijk & Archer, 2009; Fu et al., 2005). The maximal 

response of ipRGCs is at short wavelengths with 484 nm (blue light) at its optimum (Berson, 2003), in 

contrast with the maximal response of the three-cone system at 555 nm (green light) (Vandewalle et 

al., 2009). This suggests that blue light exposure could lead to an increase of acute effects, like 

increased feelings of alertness and activity levels. However, a recent study by Smolders & de Kort 

(2017) shows that blue light does not always show this activating effect.  

 

2.2.2 Circadian misalignment and light therapy 

Münch and Bromundt (2012) reported that sleep is affected by prior light exposure, where the effect 

depends on the source of the light, intensity level, duration of the exposure, and the timing. This is in 

line with findings of Duffy and Czeisler (2009), who also argue that the spectrum plays a role in 

light’s effect on the circadian rhythm. This indicates that exposure to light can influence the circadian 

rhythm, where light can help align this rhythm (Gooley, 2008). Light is an important Zeitgeber as 

mentioned in paragraph 2.1.1, and light therapy can strengthen its effect on the entrainment (Borbély 

et al., 2016) and therefore help in aligning the sleep-wake cycle with the light-dark cycle on earth. In 

light therapy, the timing of the light exposure is important since the effect is greatest when the 

exposure takes place shortly after awakening or shortly before going to bed (Gooley, 2008; Duffy & 

Czeisler, 2009). Dijk and Archer (2009) found that when a person is exposed to light around the time 

of dusk, there will be a delay in the time this person will become inactive; exposure to light around the 

time of dawn will speed-up the start of becoming active in the person. 

As explained in paragraph 2.1.2, there are several sorts of sleep disorders. Light therapy can be 

used in different ways to address these sleeping issues (see Table 2.1). For example, in the Advanced 

Sleep-Phase Syndrome, to achieve later sleep-wake times the best treatment would be to be exposed to 

bright light therapy before bedtime and exposure to dim light after awakening (Gooley, 2008; Terman 

& Terman, 2005).  
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Next to bright light therapy, dawn and dusk simulations also can help in overcoming circadian 

misalignment. An advantage of dawn-dusk simulation over bright light therapy is that it can be easily 

implemented and used, since the user does not actively have to sit in front of a light because the 

simulation can for example make use of ambient light. Terman and Terman (2005) report that dawn 

simulations can have the same effect as bright light therapy on restoring phase-shifted sleep patterns. 

Positive effects of light on sleep quality have already been found in studies with mentally diseased 

patients (e.g. depression, dementia, eating disorder), but not yet reported for persons suffering from 

alcohol dependency (Münch & Bromundt, 2012). 

 

 Table 2.1 

 Light therapy for circadian rhythm sleep disorders (Gooley, 2008). 

 

 

2.3  Alcohol 

2.3.1 Statistics 

In The Netherlands, over ten million people drink alcohol (Novadic-Kentron, 2013), which is 8 out of 

10 adults (Nationale Drug Monitor, 2016). The average number of drinks per day in The Netherlands 

is 1.4 per person. According to the Centraal Bureau voor Statistiek (CBS) you are a ‘heavy drinker’ 

when you drink six or more glasses of alcohol on one day per week for men, and four or more glasses 

of alcohol for women. In 2015, 10% of the adults were qualified as heavy drinkers. ‘Excessive 

drinking’ is when men drink over 21 glasses per week and women over 14 glasses of alcohol, in total 

9.5% of the adult population (the percentages for heavy and excessive drinkers overlap). However, 
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excessive drinkers are not per se alcoholics and vice versa. Only 18% of the people with an alcohol 

problem were categorized as heavy or excessive drinkers, and 25% of the heavy or excessive drinkers 

were alcoholics (Nationale Drug Monitor, 2015). In The Netherlands, about 7.5% of the people who 

are diagnosed with alcohol addiction seek help in treatment centers. Figure 2.4 depicts the number of 

persons being treated for primary and secondary alcohol addiction in the period 2005 to 2014. 

 

Figure 2.4 Trend in clients with primary and secondary alcohol addiction in treatment centers (Nationale Drug 

Monitor, 2016). 

2.3.2 Causes 

There is not one simple reason why a person becomes addicted to alcohol; it can have multiple causes. 

Even though sensitivity to alcohol addiction is partly genetic, children of alcoholics often do not 

experience problems with alcohol themselves (Trimbos instituut, n.d. b), probably because they have 

seen what the consequences are. Environmental factors are crucial for developing an addiction 

(Trimbos instituut, n.d. b). If it is very easy in a certain environment to get and drink alcohol, it is also 

easy to drink too much and too often. Friends and family can also play a role, if they drink alcohol 

around you, you are more likely to drink along. Personality and the way you handle problems at 

school, home, and work are also important factors (Trimbos instituut, n.d. b). According to the World 

Health Organization (2014), factors that influence alcohol consumption are age, gender, and economic 

wealth. Worldwide, twice as many men drink alcohol compared to women, in The Netherlands the 

male/female ratio for drinking alcohol is much lower at 1.14 (Nationale Drug Monitor, 2016). Men 

also drink more alcohol on average than women do: 1.7 glasses a day compared to 1.0. Looking at the 

economic wealth of a country, the trend is that the higher the income, the more alcohol is consumed. 

This is also the case for The Netherlands, where almost 90% of the highly educated people drink 

alcohol, compared to 70% of the people with a low education level. The age group that drinks most 

alcohol is 20-24 year olds with 87.1%, the 75+ age group drinks the least where almost 70% drinks. 

However, the group that drinks most with 1.6 glasses a day is between 65-75 years old. To determine 
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if someone is abusing alcohol and in what degree, the American Psychiatric Association (2013) 

developed the DSM: the Diagnostic and Statistical Manual of Mental Disorders (DSM-5). The 

questionnaire in Figure 2.5 is part of the DSM-5 and it consists of 11 questions. Depending on how 

many questions are answered with ‘yes’, the severity of the addiction can be determined. 

2.3.3 Consequences 

Drinking alcohol can have short-term and long-

term consequences. When drinking, the alcohol 

goes through the stomach into the blood, 

spreading throughout the body, including the 

brain. The effect of alcohol depends on the 

amount consumed. On short-term, reaction times 

might get slower and sight might decrease, 

followed by numbed senses or even 

unconsciousness when drinking over 20 glasses 

(Trimbos instituut, 2015). Further, the central 

nervous system can get numb, leading to 

problems with the respiratory center with a 

possible respiratory arrest as result (Trimbos 

instituut, 2015). Other effects of alcohol can 

contain throwing up, a black-out, or a hangover 

the day after. 

The long-term consequences are more severe 

and damaging: overconsumption can cause organ 

damage and increase the chance of getting 

diseases as cancer and liver cirrhosis (Trimbos 

instituut, n.d. a). The latter can also lead to brain 

damage, which again can cause psychiatric 

conditions and affected cognitive abilities 

(National Institute on Alcohol Abuse and 

Alcoholism [NIAAA], 2003). 

 

Figure 2.5 Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (NIAAA, 2013). 
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2.4  Sleep, Light, and Alcohol 

2.4.1 Alcohol and Sleep 

Alcohol affects sleep (e.g. Roehrs & Roth, 2001; Wasielewski & Holloway, 2001). However, 

literature is not consistent about how exactly alcohol affects the sleep-wake cycle of alcoholics. 

Research by Colrain, Turlington, and Baker (2009) describes that the long-term effect of alcohol on 

sleep, even after withdrawal, is that the stage 1 and REM sleep increase in amount, while the SWS and 

Slow Wave Activity in the NREM sleep decrease. This decrease on slow-wave sleep is also reported 

by Mackenzie, Funderburk, and Allen (1999). On the other hand, Roehrs and Roth (2001) and Brower 

(2001) argue that in the first half of the sleep period, the REM sleep is suppressed and slow-wave 

sleep increased. Also, Colrain et al. (2009) found no significant differences in sleep latency (i.e. time 

between going to bed and falling asleep), sleep efficiency, REM latency, and times of awakening. In 

contrast, Brower (2001) claims that the sleep latency and the total sleep time is disrupted in alcoholics, 

which is also supported by Mackenzie et al. (1999). On short term, research by Wasielewski and 

Holloway (2001) shows that when consuming alcohol at 23:00, the sleep phase is delayed (i.e. late 

sleep-wake times), and when consuming alcohol at 1:00 sleep phase is advanced (i.e. early sleep-wake 

times). Looking at the long-term effects, we conclude that there is no consensus in literature about the 

specific effects of alcohol on the sleep-wake cycle of alcoholics. However, it is clear that alcohol 

causes circadian misalignment and possibly sleeping disorders as discussed in section 2.1.2. Negative 

effects on sleep are even found after a long period of abstinence (American Academy of Sleep 

Medicine, 2009). Several studies report that insomnia is an effect of alcohol withdrawal: a meta-

analysis by Brower (2001) shows that between 45 and 67% of the alcoholics experience insomnia 

during alcohol withdrawal. Brower (2001) proposes several explanations for the finding that ex-

alcoholics experience sleeping problems. He suggests that chronic alcoholism can cause hard-to-

reverse brain damage, affecting sleep regulation. Another explanation is that chronic alcoholism is 

associated with medical and psychiatric disorders that have negative effects on sleep. 

In paragraph 2.1.4 we already highlighted that sleep is crucial for one’s self-control and why self-

control is so important in the life of alcoholics, namely self-control is crucial for resisting temptations 

such as alcohol. Consequently, when an individual has a sleeping disorder, this might lead to a 

decrease in self-control and this in turn can lead to more consumption of alcohol. Baumeister (2002) 

argues that after waking up, self-control is the easiest, while at the end of the day temptations become 

harder to resist. His research mentions specifically that this pattern also accounts for alcohol 

indulgence, i.e. alcohol is harder to resist late at night. An important factor to maintain self-control in 

an individual is whether the activity is forced or he or she has chosen to engage in the activity him/her 

self. When linking this theory to alcoholism, it is thus important that one actually wants to withdraw 

from alcohol- instead of being forced to withdraw: autonomy is key (Muraven et al., 2008). Moreover, 
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a study by Hasler and Clark (2014) has researched the effect of circadian misalignment on the brain’s 

reward system. They argued that misalignment induces a dysregulation in the reward system. This 

affected reward system in turn increases the risk of developing or sustaining alcohol dependence. 

Furthermore, chronic alcoholics’ alcohol abuse contributes to circadian misalignment, completing the 

circle. 

 

2.4.2 Light and Sleep 

As described in paragraph 2.2.1, the SCN responds to light signals transmitted from the eye’s retina 

directly to the brain. Also, the SCN is partly responsible for the release of melatonin, and higher 

melatonin levels lead to a decrease in body temperature (Web MD, n.d.). Therefore, light can have an 

effect on the circadian rhythm, since it influences melatonin levels and consequently core body 

temperature. During the day, i.e. when there is light, melatonin levels are low. When it turns dark, 

melatonin levels will rise and induce sleepiness. Core body temperature drops when you are about to 

fall asleep and rises again when you are about to wake up. When one is exposed to light in the late 

evening, melatonin levels are suppressed (Gooley et al., 2010), making the body stay alert (Chang, 

Aeschbach, Duffy, & Czeisler, 2014). Furthermore, Gooley et al. (2010) also found that the melatonin 

levels start decreasing 90 minutes earlier when being exposed to light before bedtime as compared to 

when one would not be exposed to light in the late evening. This leads to a shorter sleep duration. 

Body temperature is also affected by light exposure in the evening, since light delays the core body 

temperature drop (Kubota et al., 1998) and even leads to an increased body temperature (Bunnell, 

Treiber, Phillips, & Berger, 1992). Looking more into the effects of prior light exposure during sleep, 

it was found that NREM Slow Wave Activity is reduced when being exposed to blue-enriched light 

prior to sleep (Chellappa et al., 2013). Moreover, light exposure leads to decreased subjective 

sleepiness, increased sleep latency, impaired morning alertness, and (REM) sleep propensity 

(Chellappa et al., 2011; Chang et al., 2014). 

Light exposure prior to sleeping has alerting effects on the body, leading to a delayed sleep onset 

and a reduced quality of sleep. However, exposure to light after waking up can be beneficial since it 

has an alerting effect and can lead to an increased feeling of vitality during the day. 

 

2.4.3 Light therapy as adjuvant treatment among chronic alcoholics 

Light therapy can help reduce or overcome circadian misalignment (Adan, 2012; Gooley, 2008). 

When the exposure to light is timed well, it can be used to phase-shift the circadian rhythm to 

overcome circadian misalignment. However, there is no consensus in literature about what specific 

sleeping disorder alcoholics suffer from (Table 1). The time of consuming alcohol is also important for 
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which sleeping disorder the person with alcoholic dependency suffers from (Wasielewski & 

Holloway, 2001). Therefore, it is not possible to design a uniform treatment, but each treatment has to 

be tailored based on the (disturbed) sleep-wake rhythm. Next to aligning the circadian rhythm, there is 

another benefit of light therapy: Adan (2012) argues that the cognitive abilities, where decision 

making is important in the life of alcoholics, already improve when being exposed to light in the 

morning for only 21 minutes. This can be either natural light but also artificial light up until 10.000 

lux.  

As described earlier, there is a positive effect between vitality and the amount of self-control of a 

person (Muraven et al., 2008; Smolders, de Kort, & van den Berg, 2013). Other research shows that 

bright light can positively influence the feelings of vitality (Partonen & Lönnqvist, 2000) and thus can 

indirectly restore self-control when it is at a low point. As highlighted before, self-control is crucial for 

resisting temptations, which is an everyday problem in the life of alcoholics. This means that lighting 

therapy can help in two ways to increase the well-being of alcoholics: it can help improve the sleep-

wake rhythm and it can help restore self-control. Both lead to the outcome of being more able to resist 

temptations. 

Benefits of light therapy are that it is a safe, well tolerated method (Levitt et al., 1993), automated, 

and can be implemented easily in homes. Light therapy has already proven to be effective in treating 

seasonal affective disorders (Wirz-Justice et al., 2005; Münch & Bromundt, 2012). Side effects are 

also present: less than 20% experiences headaches or eyestrains, however, light intensity plays no role 

in these side effects (Levitt et al., 1993). Furthermore, adjuvant light therapy has been proposed in 

several studies (e.g. Even, Schröder, Friedman, & Rouillon, 2008; Wirz-Justice et al., 2005; Terman, 

2007). However, to the best of our knowledge adjuvant light therapy has not yet been proposed for 

persons suffering from alcohol dependency. 

Based on all these findings, Smolders et al. proposed a research where they want to implement and 

test the effectiveness of an innovative, therapeutic lighting intervention in the homes of chronic 

alcoholics, in order to treat circadian misalignment to improve treatment efficacy and to give more 

structure to a person´s day. Previous to this research, few things need to be explored. In the present 

pilot study we want to monitor the sleep-wake rhythm, light exposure, use of alcohol, and moments in 

the day one experiences a hard time with resisting the temptation of alcohol in the life of chronic 

alcoholics. The goal is to gain insights in how to perform a study with chronic alcoholics as target 

group, in order to provide recommendations for future research with this group. Next to that, we want 

to explore the interrelationships between alcohol use and the sleep-wake rhythm and light exposure, 

where within and between subjects patterns will be investigated. This part is performed among 

students who consume alcohol on a regular basis. Since this is an explorative study, no hypotheses are 

formulated. The research question for the current study is formulated as follows: “What problems 

might arise regarding the sleep-wake cycle, physical and social activity, and light exposure in relation 
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to alcohol abuse among chronic alcohol addicts?” A sub question is formulated regarding the study 

with students: “What are the interrelationships between the sleep-wake cycle, light exposure, and 

alcohol use among students who regularly consume alcohol?” 
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3. Method 

3.1  Design 

Two field studies were performed to investigate sleep, light, and alcohol use patterns (i.e. Study 1 and 

Study 2). The main variables of interest in both studies were the sleep- and wake-times, sleep quality, 

light exposure, and alcohol use. Both studies took place at the participants’ home and living 

environment. Participants were monitored during their regular routine for a week and no interventions 

were employed. 

3.2  Participants 

Twenty students participated in Study 1 (8 males and 12 females, mean age 24.3 years, SD = 2.18, 

range: 20 - 28). These students all studied at the Eindhoven University of Technology (51.4486° N, 

5.4907° E) and consumed at least one alcoholic beverage a week on a regular basis. The recruitment 

happened via the database of the university and by means of convenience sampling. Because of the 

explorative nature of the study, a sample size of 20 students was chosen based on a power analysis: 

one thousand simulations were ran in R for a 2-level model with repeated measurement days nested 

within participants, and intra-class correlations based data from an earlier study (Smolders et al., 

2013). The results of this power analysis revealed that detections of small to medium correlations of 

.20 with a power of 92% were possible. Study 1 took place from the 30
th
 of June 2017 until the 21

st
 of 

July 2017. For participating, the students received 20 euros. 

Study 2 had three male participants (aged 40, 43 and 69). These participants were all under 

ambulant treatment of the FACT team of Novadic-Kentron in Den Bosch (51.6978° N, 5.3037° E) and 

suffer or suffered from a chronic alcohol addiction. There were several inclusion and exclusion criteria 

the participants had to meet. Inclusion criteria were that the participant is under treatment of the FACT 

team, suffers a primary alcohol addiction, is mentally competent, and is aged 24 years or older. The 

exclusion criteria were chronical psychosis, poly drug usage, somatically compromised, and 

homelessness. The diary study in this target group was conducted between the 12
th
 until the 27

th
 of 

July 2017. As a reward for participating in the study, the participants received a box of chocolates after 

the closing interview. 

3.3  Measures 

3.3.1 Wearable sensors 

All participants were asked to wear an Actiwatch and a Light logger during the diary study. An 

Actiwatch is an actigraphy device which objectively measures sleep timing and is worn around the 

wrist. In the studies, the Actiwatch Spectrum PRO was used, as designed by Philips Respironics. The 



17 

 

participants were explicitly told not to remove the watch from their wrists during the entire study, 

except when swimming or bathing. At a 30-second time interval, the Actiwatch recorded activity and 

light data through the MEMS type accelerometer (32 Hz) and the light sensors.  

The Light Logger is a badge that registers light exposure and has to be worn over all clothes, 

preferably close to the eyes. The device contains a photo sensor chip and it measures R, G, B, and C 

sensor data (i.e. red, green, blue, and no color filter), illumination (Ev) in lux, and circadian irradiance 

(Eec) in W/m². Every 120 seconds the Light Logger registered the average value for that timespan, 

based on a measurement every 10 seconds. The device itself is designed by Martin (2015), and the 

software used to analyze the data, LightLogControl, is developed by Boschman (2017) at Eindhoven 

University of Technology. 

 

3.3.2 Pre-questionnaire 

Before the start of the study, all participants were asked to fill in a questionnaire to determine their 

chronotype by means of the Munich ChronoType Questionnaire (MCTQ), developed by Roenneberg 

et al. (2003). The questions involved the participants’ regular bedtime, sleep onset, sleep latency, sleep 

offset, and time of getting out of bed, with a distinction between working days and free days. In 

addition to this questionnaire, basic demographic information, such as sex and age, was collected. The 

students used the English version of the MCTQ, the alcoholics used the Dutch version (Roenneberg et 

al., 2003). 

For students, the Brief Self-Control Scale by Tangney, Baumeister, and Boone (2004; α = .85) was 

used to measure trait levels of self-control (M = 3.07, SD = .61). This questionnaire contained 13 

statements which the participants had to answer on a 5-point Likert scale varying from “(1) Not at all” 

to “(5) Very much”. 

Additionally, light sensitivity in students was checked through two questions: ‘How much trouble 

do your eyes give you when you are exposed to bright light?’ and ‘How much do you suffer from 

headaches when you are exposed to bright light?’ (Smolders, 2013), on a 5-point Likert scale varying 

from “(1) Not at all” to “(5) Extremely” (M = 2.70, SD = 1.20; α = .69). 

 

3.3.3 Diary 

The diary of the students consisted of three parts and was the same every day (see Appendix A). The 

first part had 13 questions regarding sleep, originating from the Karolinska sleep diary (Åkerstedt, 

Hume, Minors, & Waterhouse, 1994). The bedtime, time of awakening, subjective sleep length, sleep 

efficiency, sleep latency, and number of awakenings were asked, using a 24-hour time indication. 

Furthermore, there were questions that had to be answered on a 5-point Likert scale, i.e. how calmly 

the participants experienced their sleep, ease of waking up and falling asleep, amount of dreaming, and 

if they slept throughout the time allotted. The second part, to be completed before going to bed, 
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consisted of an hourly schedule of the day on which the participants had to indicate their activities. 

Each activity had a color (e.g. working = pink, exercising = blue, sleeping = black) and with the 

provided coloring pencils, the participants could indicate their activity for every hour of that day. 

Together with this, they had to indicate their feelings of vitality on a scale of 1 (Very tired) to 10 

(Very vital) for every hour they spent awake. The third part consisted of seven questions, to be 

answered before going to bed, about their general mood (Very bad (1) – Very good (5)), what kind of 

day it was, number of times and total time spent outside, use of alcohol and drugs, and potential 

temptations they experienced to drink alcohol and/or use drugs. 

There was a short pilot study of the diary for the alcoholics, conducted with the FACT team of Den 

Bosch, to explore whether the diary was suitable for the target group. Experience experts and 

caretakers gave their opinion about the feasibility of the set-up and questions. Based on their feedback, 

the diary study was shortened and reduced to 12 questions in total. The diary is presented in Appendix 

B. These questions were divided into two parts: 1) seven questions in the morning about sleep of the 

night before, based on the Karolinska sleeping questionnaire (Åkerstedt et al., 1994). The participants 

noted their bedtime, time of awakening, total sleep time, sleep latency, number of awakenings during 

the night, their subjective sleep quality on a 5-point Likert scale (Very good (1) – Very bad (5)), and 

any used substances (medicines/drugs/alcohol) to fall asleep; 2) five questions in the evening about 

their general mood (Very bad (1) – Very good (5)), number of times and total time spent outside, 

substance use (alcohol and drugs) and times they experienced temptations to use substances.  

 

3.3.4 Closing interview and debriefing 

The closing interview was semi-structured with all open questions, based on the answers that the 

participants provided in their diary. Other questions asked regarded the participants’ experience with 

the diary, whether their week had been comparable with a regular week in their lives regarding 

activities and alcohol use, whether they generally experience sleeping problems and if so, in what way, 

and if they use special lighting like a wake-up light to help them in their sleep-wake rhythm. The 

interviewing template is added in Appendix C. 

The students also filled in the AUDIT (Alcohol Use Disorders Identification Test) (M = 9.79, SD = 

3.31) to determine if there is harmful use of alcohol, where scores above 8 are being considered 

harmful. Reliability analysis for this questionnaire shows that the Cronbach’s alpha was .54. We also 

asked the students three questions from the MATE (Measurements in the Addictions for Triage and 

Evaluation) to establish substance use over the last 30 days. 
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3.4  Procedure 

Study 1 

On day 1 of the study, the introduction session was planned. The participants were asked to read and 

sign an informed consent form, thereafter instructions about the procedure followed. Next, they 

completed the pre-questionnaires consisting of the MCTQ, demographic questions, questions about 

their sensitivity to light, and the Brief Self-Control Scale. Afterwards, the diary was presented to the 

participants and it was explained by going through all the questions. The participants were able to ask 

questions about anything that was unclear to them. Thereafter, the use of the Light Logger and 

Actiwatch was explained and a written guide, describing the use of the devices and what was expected 

from the participants each day of the study, was provided. If after the instructions there were still 

questions or something happened during the study, they could reach the experimenter on the provided 

email address. On days 2 to 8 of the study, the participants had to wear the Actiwatch and Light 

Logger and complete the diary. On day 4 or 5 the experimenter sent a text message or e-mail to the 

participants to check if there were any questions, and to remind them of the closing interview a few 

days later. On day 9 the participant and the experimenter met again. A short final interview took place 

and the materials were handed over. In this interview, questions were asked about how the study was 

experienced and more specific questions about the diary and given answers. Then, the study was 

finished and as a debriefing, the goal of the study was explained and the participants were asked if 

they had any questions. It was made sure they left with no negative feelings regarding the study. 

Lastly, the participants received 20 euros as compensation. Figure 3.1 shows the study protocol for 

each day. 

 

Figure 3.1 Overview study protocol. 
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Study 2 

The procedure for the study with alcoholics was mostly the same. On the first day, there was an 

introduction session at the participants’ home, where the informed consent form was signed, and the 

questions from the MCTQ were asked. Since the questions about sensitivity to light and the Brief Self-

Control Scale were added to the procedure later, we did not get permission from the ethics board to 

administer these questionnaires to the alcoholics and were thus not asked. Thereafter, the questions of 

the diary were explained one by one as well as the Actiwatch and Light Logger, and the participant 

was free to ask questions any time. Lastly, the participants were provided with written instructions, 

which summarized the study and described what was expected from them. An e-mail address was 

provided where the participants could contact the researcher during the study. It was also possible for 

them to contact their caregiver from N-K. During the introduction session it was emphasized that the 

participants were allowed to quit the study any time. From day 2 to 8 the participants wore the 

Actiwatch and Light Logger, and completed the questions in the diary every morning and evening. On 

day 9 the researcher returned to the participants’ home and here the closing interview was conducted. 

This interview was more extensive than in Study 1, but the same interviewing template was used. It 

was made sure that the participants had no further questions or comments about the study and they 

were rewarded with a box of chocolates.  

The study with the alcoholic target group was approved by the Ethical Board of N-K and the 

METC (Medisch Ethische Toetsings Commissie). 

3.5  Analysis 

Quantitative analysis 

The sleep and light data were quantitatively analyzed by the use of IBM SPSS Statistics 23, and 

qualitatively analyzed by means of visual inspection. To analyze the sleep data derived from the 

Actiwatches, Actiware software version 6.0.9 was used. 

For the data analysis, there were two datasets for each target group: one set with daily 

measurements (sleep data, daily alcohol consumption, time spent outside, and mood) and one set with 

hourly measurements (light data, hourly alcohol consumption, state vitality levels, and activities).  

The objective sleep data obtained from the Actiwatch and the subjective sleep data from the diary 

were first compared to determine the correlations between the corresponding variables, after which a 

decision was made about which measurement method would be used for the analyses in the 

subsequent parts of the report. Data of 19 students and three alcoholics was used in the analysis of 

sleep, since the Actiwatch had not measured data of one student. For the light data, the first step was to 

exclude the hours in which the Light Logger was not worn. Therefore, the hours in which the Light 

Logger registered data for less than 30 minutes were excluded, as well as the hours in which the 

participants were asleep. The latter was determined for each participant by using the sleep times as 
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derived from the Actiwatch. Furthermore, data points where the Light Logger reported values lower 

than 1 lux were reported as missing. The next step was to log10 transform the light data such that the 

values approached a normal distribution. Two students and one alcoholic lost their Light Logger, and 

the Light Logger of one alcoholic measured data for only three days, therefore light data of 18 students 

and 1.5 alcoholic was used in the analysis. Thereafter, the outliers in the data were filtered by 

calculating the z-scores for the variables and excluding data points that deviated more than |3| standard 

deviations from the mean. In the end, 2518 light measurements were used in the analysis (66.84% of 

the total), and 163 measurements of sleep were included (90.56% of the total). The questions in the 

diary that asked for moments the participant experienced temptations to use substances provided too 

little data, and were therefore not included in the analysis. With the new datasets, z-scores were 

calculated again to be able to reliably compare data on the same scale.  

The analyses were conducted for each topic (i.e. sleep, alcohol, light, vitality/mood/time outside) 

separately, followed by analyses on the effects of these topics on each other for both students and 

alcoholics. The comparison between the two groups was conducted through visual inspection. There 

was insufficient data coming from alcoholics to be able to run statistical tests, therefore statistical 

analysis is conducted for the student group only. Linear Mixed Models (LMM) were used in the 

statistical analysis for the student data, which take into account the nested structure of the data: all 

measurements were nested within days per participant. With LMM analyses we were able to inspect 

the inter- and intra-individual variations in sleep, alcohol use, light exposure, and state vitality. It also 

allowed for exploring which variables might predict alcohol use both on daily and hourly scale.  

The analysis for each topic started with a general description of what the data looked like for the 

students and alcoholics, by looking at the numbers and plotted graphs. Next, a comparison was made 

between the two groups. For the students, we often looked at the overall means, whereas for the 

alcoholics a distinction was made between the three participants because of the small sample size. 

After this comparison, the student data was further analyzed by running statistical tests. For the daily 

measurements (i.e. sleep, mood, time spent outside), the differences between days of the week were 

inspected by means of LMM. When a significant difference was found, posthoc comparisons using the 

Bonferroni correction were used to determine which variables were significantly different. Next, the 

Intraclass Correlation Coefficients (ICC) were used to determine the variation within and between 

participants, using unconditional models. The analysis of the data with hourly measurements (i.e. light 

exposure, vitality) started with a graph to show how the variable varied over time of day. To determine 

which function this variation followed, time of day was added to the model as a linear function, 

quadratic function and a third degree function. Next, we explored if there was a significant difference 

in the variable over the day using LMM and if this was the case, posthoc comparison using the 

Bonferroni correction were applied consequently to find out for which hours the variable was 

significantly different. Furthermore, ICCs were used to explore in what degree the variation was 
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explained between hours, between days and between participants. Since there was a strong correlation 

between photopic light exposure and circadian irradiance (r = .89, p < .01), we chose to work with 

only the circadian irradiance, since this also takes into account the visual spectrum of the eye. Alcohol 

consumption was analyzed both on a daily scale and an hourly scale. We started with inspecting 

differences between day of the week and, if applicable, posthoc comparisons with the Bonferroni 

correction were used. Next it was determined which function the hourly alcohol consumption followed 

by adding time of day, time of day squared, and time of day to the power of three to the model. 

Differences between hours were inspected by using Bonferroni corrections. Lastly, ICCs were 

determined for the three levels of measurement. After the separate analyses for the topics, the effects 

on alcohol consumption were inspected: sleep vs. alcohol, light vs. alcohol, and vitality, mood and 

time outside vs. alcohol. For sleep vs. alcohol, first the general patterns were described for the students 

and alcoholics, and subsequently compared. Next, all sleep markers were used as predictors for 

alcohol consumption on the following day, using separate models. The sleep variables that showed a 

significant relationship or trend were also explored for the alcoholics and again the two groups were 

compared. The effect of alcohol on sleep was analyzed in the same way. For light vs. alcohol, hourly 

alcohol consumption data was only available for the student group. First, a graph showed potential 

patterns and thereafter light was used as a predictor for alcohol consumption. Vitality vs. alcohol was 

analyzed in the same way as light vs. alcohol. Mood and time spent outside were analyzed in the same 

way as sleep vs. alcohol. 

 

Qualitative analysis 

Besides collecting quantitative data, we also gathered qualitative information from all participants via 

the open questions in the diary and by conducting interviews at the end of the study. In these 

interviews we asked the participants about their experiences during the study, sleeping problems, use 

of light, and more specific questions about their answers in the diaries. The goal was to gain extra 

insights in the participants’ sleep-wake rhythm and alcohol use to complement the information from 

the diary, as well as gaining insights in how the participants are affected by light. The interviewing 

data was analyzed by means of a thematic analysis. The interviews were transcribed and together with 

the qualitative information from the diaries, the responses were categorized. The themes coming from 

this categorization were based on the same structure as was used in the Introduction, complemented 

with a general theme describing the participation in the study and several subthemes when necessary. 

The themes and subthemes were: Experience with the study (Commitment and Motivation, 

Confrontation, Experience with materials, Improvements, and Outcome and Goal), Sleep (Regular 

sleeping habits and Sleep during the study), Alcohol (Regular alcohol use and Alcohol use during the 

study), Sleep and Alcohol, Light and Sleep, and Light and Alcohol. In the qualitative analysis, we 

described the outcomes and responses of the participants for each (sub)theme. 
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4. Results 

In this chapter, the quantitative and qualitative results for both studies are presented. Study 1 may also 

be referred to as the student sample, Study 2 may also be referred to as the alcoholic sample. 

4.1  Quantitative analysis 

4.1.1 Actiwatch vs. Diary 

First, the data on sleep-wake timing from the Actiwatch and Diary were inspected to explore potential 

differences in sleep markers for the two types of measurements. When inspecting the overall means of 

the sleep data in Figure 4.1, there were minimal differences for students between the results of the two 

measuring methods. The differences for alcoholics seemed rather big, but were based on only three 

participants. 

 

Figure 4.1 Means of the sleep onsets, midsleeps, and sleep offsets of the Actiwatch and Diary. Whiskers 

represent 95% confidence intervals. 

 

Table 4.1 shows these differences for the two groups, where the average sleep data for the 

alcoholics are presented separately for each participant because of the small sample size.  
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Table 4.1  

Means of the sleep data of the Actiwatch and Diary of students and alcoholics, presented in hh:mm. 

 Means (SE) 

 Students Alcoholics 

  Participant 1 Participant 2 Participant 3 

 Actiwatch Diary Actiwatch Diary Actiwatch Diary Actiwatch Diary 

Sleep latency 00:13 

(00:01) 

00:19 

(00:01) 

00:21 

(00:06) 

00:33 

(00:14) 

00:27 

(00:05) 

00:27 

(00:10) 

00:34 

(00:09) 

01:02 

(00:22) 

Sleep onset 00:35 

(00:07) 

00:43 

(00:07) 

18:49 

(00:53) 

21:47 

(00:37) 

02:16 

(00:12) 

02:13 

(00:08) 

22:24 

(00:31) 

23:06 

(00:25) 

Midsleep 04:32 

(00:06) 

04:33 

(00:07) 

00:32 

(00:20) 

01:24 

(00:18) 

06:45 

(00:30) 

06:42 

(00:24) 

02:48 

(00:26) 

03:09 

(00:14) 

Sleep offset 08:11 

(00:07) 

08:23 

(00:07) 

06:03 

(00:23) 

05:17 

(00:07) 

11:05 

(00:53) 

11:22 

(00:45) 

6:53 

(00:32) 

07:11 

(00:29) 

Sleep duration 06:59 

(00:06) 

07:36 

(00:06) 

10:52 

(01:07) 

06:30 

(00:23) 

07:43 

(00:47) 

09:09 

(00:46) 

07:29 

(00:34) 

07:45 

(00:38) 

 

When comparing the sleep times from the Actiwatch and Diary for students, the Actiwatch 

reported on average an earlier sleep onset of 8 minutes and an earlier sleep offset of 12 minutes, while 

the midsleep only differed by one minute. The total sleep duration differed by more than half an hour 

between the two measurement methods, where the Actiwatch reported the shorter duration. For 

alcoholics, the differences in average sleep onset between the Actiwatch and Diary data varied 

between only three minutes and almost three hours, where the Actiwatch registered an earlier sleep 

onset for all three alcoholics. Comparing the participants, the data differed most for Participant 1 with 

a maximum difference of over four hours in sleep duration. 

In Figure 4.2, the individual differences in average sleep timing per participant are represented. 

More specifically, we see the average sleep onsets and sleep offsets for each participant in the 

sampling week. 



25 

 

 

Figure 4.2 Average sleep onset and sleep offset from the Actiwatch and Diary per participant. 

 

Regarding the student’s sleep offset, most of the participants’ data seemed to match, which is in 

line with the 12-minute difference found in Table 4.1. Few large differences were found between the 

measurement methods regarding sleep offset, where the Actiwatch registered a time up to two hours 

earlier for students 6 and 15, and an hour later for students 10. For the alcoholics, the sleep offsets 

seemed to roughly match between the two methods, where the Actiwatch has registered both earlier 

and later times as compared to the diary. The sleep onsets between the two measurement methods for 

alcoholic 1 and 3 are very different, where the Actiwatch has registered earlier times for all three 

alcoholic participants.  

We also checked the correlational strength between the standardized values of the measurements of 

the Actiwatch and the Diary of the students. This was done by multilevel analysis, taking into account 

the nested data structure of daily measurements within participants. The correlations between sleep 

onsets, between midsleeps, between sleep offsets, and between sleep durations as assessed with the 

two methods were high with respectively r = .84, r = .89, r = .78, and r = .71. Sleep latencies were 

moderately correlated with r = .36 (all p < .01). 
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To conclude, the differences between the two types of measurements were overall rather small for 

students and the correlations between both assessment methods were moderate to high. Therefore, we 

chose to only analyze the sleep times provided by the Actiwatch in the subsequent parts of the report, 

in view of conciseness of the report. The Actiwatch provides an objective measure, which is often 

employed in the current literature to monitor sleep-wake patterns (e.g., McCall & McCall, 2012; 

Marino et al., 2013; Jungquist, Pender, Klingman, & Mund, 2015). 

 

4.1.2 Sleep 

We started analyzing sleep patterns of the students and alcoholics by exploring the data visually. By 

plotting the data, we could compare the two groups to see if there were similarities or differences. 

Furthermore, differences between days within participants were inspected. 

Figure 4.3 shows the histogram of the chronotype of the students as measured by the MCTQ, which 

follows a normal distribution. The spread is relatively big considering the sample size, with a 

difference in midsleep up to six hours. The average social jetlag for students was determined at 01:15. 

The alcoholic participants are illustrated as a (blue) line, and appeared to be earlier chronotypes as 

compared to most of the students in the sample. It should be noted that Participant 2 of the alcoholics 

with a chronotype of 3:45 usually wakes up at 6:00, but does not get out of bed before 10:00. 

 

Figure 4.3 Chronotypes of the students (bars) and alcoholics (lines). 
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Looking more into differences in sleep times during the actual sampling period, Figure 4.4 on the 

next page depicts the medians of the sleep times for the students and each alcohol addicted participant 

for every day of the week. Inspection of the student data revealed that the sleep timings appeared to 

be, on average, quite regular during the week. A later sleep offset was found in weekends (i.e. 

Saturday and Sunday) as compared to weekdays, indicating that students generally slept in these days 

while their sleep duration did not appear to be longer in weekends. The sleep onset was earliest on 

Monday evening, and shifted to a later time as the week continues. The timing of midsleep appeared to 

follow the same trend, where it shifted to a later time from Wednesday until Saturday. 

Overall, the group of alcoholics seemed to have, as compared to the students, a longer sleep latency 

on average (i.e. the difference between bed time and sleep onset). Also, their sleep timings seemed to 

be more irregular during the week, in both sleep onset and sleep offset. More specifically, we see that 

the sleep onsets for Participant 1 varied throughout the week, while the timing of his midsleep was 

quite constant compared to the other alcoholics. Also, there was only one outlier regarding his sleep 

offset, on Friday morning. Furthermore, his sleep duration seemed to vary a lot. From the figure we 

also see that Participant 2 had much later sleep timings than Participants 1 and 3. While his sleep 

onsets were relatively constant, his midsleep and sleep offsets varied a lot over the various sampling 

days. Participant 3 had a very varying sleeping pattern, in terms of sleep onset, midsleep, and sleep 

offset. 

Inspecting the subjective sleep quality for the students and alcoholics during the sampling week, 

we see that students experienced their sleep generally as qualitatively better than the alcoholics did 

(see Figure 4.5). About half of the time, the alcoholics rated their sleep quality with a low score. 

 

Figure 4.5 Subjective sleep quality of the students and alcoholics. 
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Figure 4.4 Means of the average sleep onsets, midsleeps, and sleep offsets for each day of the week for all 

students and for each alcoholic. Note: The sleep offset occurs on the next morning, e.g. sleep offset in the row of 

Monday is the awakening on Tuesday morning. 

 

To check whether the sleep timings in students were significantly different between days, we ran 

hierarchical linear models. A significant difference was found between day of the week and the sleep 

onset (F(6,108) = 2.78; p = .02). The Bonferroni correction was used to determine on which days the 
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mean sleep onset differed: the sleep onset on Saturday differed significantly with the sleep onset on 

Monday (p = .02) with a mean difference of 01:22 hours (SE = 00:24), all other differences were not 

found to be significant. Overall, the sleep onsets were latest on Friday (EMM = 01:01, SE = 00:21) and 

Saturdays (EMM = 01:13, SE = 00:21), and earliest on Mondays (EMM = 23:51, SE = 00:21). The 

sleep offset was also found to be significantly different for the day of week (F(6,108) = 2.47, p = .03), 

where posthoc comparisons with Bonferroni correction showed that the sleep offset on Sunday (EMM 

= 09:00, SE = 00:20) was significantly higher than on Monday (EMM = 07:47, SE = 00:19; p < .05). 

For midsleep, there was again a significant difference between days (F(6,108) = 3.43, p < .01), where 

the Bonferroni correction showed a significant difference between Monday night (EMM = 03:59, SE = 

00:18) and Saturday night (EMM = 05:18, SE = 00:18; p < .01). There was no significant difference 

found between the day of the week in terms of sleep duration (F(6,109) = 1.48; p = .19).  

To gather more insights in the variances of the sleep data of students at the various levels (i.e. day 

and participants), the Intraclass Correlation Coefficients (ICC) were computed and are presented in 

Table 4.2. The results indicate that there were both inter- and intra-individual differences in sleep, but 

for all variables the variance was mostly explained within participants (i.e. between days within a 

participant). The explained variance between-participants for sleep latency and sleep efficiency 

appeared to be non-significant. 

 

Table 4.2  

Intraclass Correlation Coefficients for sleep times: explained variance within and between participants. 

 Within participants Between participants 

 Variance  

explained (%) 

p-value Variance  

explained (%) 

p-value 

Bed time 68.29 < .01 31.71 .02 

Sleep latency 93.27 < .01 6.73 .33 

Sleep onset 66.75 < .01 33.25 .02 

Midsleep 66.88 < .01 33.12 .02 

Sleep offset 72.44 < .01 27.56 .03 

Sleep duration 77.14 < .01 22.86 .04 

Time spent in bed 79.15 < .01 20.85 .05 

Efficiency (%) 85.45 < .01 14.55 .12 

Wake After Sleep Onset (WASO) 71.76 < .01 28.24 .03 

Times awake 75.53 < .01 24.47 .03 
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4.1.3 Alcohol consumption 

The results of the MATE questionnaire that was conducted among the student population are 

presented in Table 4.3. On average, students drank alcohol on more than 14 out of the 30 days prior to 

their participation in this study. On more than 10 of these ‘drinking days’ they consumed over three 

glasses, and on almost four days they consumed over nine glasses of alcohol.  

 

Table 4.3  

MATE outcomes for students. 

 M SD 

General use (days) 10.63 4.30 

General use (glasses) 3.34 1.54 

Higher use (days) 3.79 4.21 

Higher use (glasses) 9.21 2.89 

Total number of years of regular use 7.58 3.22 

  

Figure 4.6 shows the amount of alcoholic drinks for each day of the week of all students, presented 

in a boxplot. Overall, the highest amount was consumed on Saturdays (Mdn = 3.00), while on 

Mondays the least amount of alcohol was consumed (Mdn = 0.00). Extreme values of alcohol 

consumption were observed for Participant 15 on Monday, Tuesday, Thursday, and Saturday. On 

average, the least amount of alcohol was consumed on Mondays and Tuesdays, the most on Saturdays, 

and the other four days seem more similar. 

 

Figure 4.6 Boxplot representing the relationship between alcoholic drinks and day of week among 

students. 
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Figure 4.7 shows the amount of alcoholic drinks consumed on each day of the week during the 

study for each alcoholic. Participant 2 did not drink alcohol at all, Participant 3 drank quite regularly 

except on Monday, and Participant 1 fluctuated in his consumption during the sampling week, 

although he always consumed at least 10 drinks a day. 

 

Figure 4.7 Scatterplot representing the alcoholic drinks on day of the week among alcoholics. 

 

Weekly consumption of students varied between 1 drink up to 88 drinks, for alcoholics this ranged 

between 0 and also 88. The number of days on which alcohol was consumed during the sampling 

week ranged between 1 and 7 days for students, and for the alcoholics between 0 and 7 days. On day-

to-day level, there was a lot of variance between the participants in alcohol consumption: for students 

the minimum was 0 and the maximum was 20 consumptions on a day, as for alcoholics the minimum 

was also 0, and the maximum was 18 drinks.  

Statistically, there appeared to be a non-significant trend for day of week and alcohol consumption 

(F(6,101) = 1.98, p = .08) in the student population. Posthoc comparisons using the Bonferroni 

correction showed a non-significant difference for alcohol consumption between Monday (EMM = 

1.13, SE = .85) and Saturday (EMM = 4.09, SE = .86; p = .06). Looking at the Estimated Marginal 

Means, the amount of daily drinks increased from Monday to Saturday. 

Next, the relationship between the local clock time and hourly alcohol consumption was inspected. 

A double plot (48-hour) was used to visualize patterns in alcohol consumption over time (see Figure 

4.8). Here we see an increasing line in the afternoon and early evening with the maximum between 

20:00 and 22:00, where after the consumption decreased again. To determine which function fits this 

data best, time of day as independent variable was added as a linear function, quadratic function, and 

third degree function to the model by means of mixed linear models. First, the linear relationship was 
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added to the model (χ²(1) = 34.80; p < .01), 

where the relationship between a linear function 

of time of day with alcoholic drinks was 

significant. Next, time of day squared was added 

which revealed a significant relationship and an 

improvement of the model (χ²(1) = 120.15; p < 

.01). Lastly, the time of day to the power of 

three was added to the model as predictor, which 

again did improve the model significantly (χ²(1) 

= 85.24; p < .01), also time of day to the power 

of three was significantly related with hourly 

alcohol consumption. Based on the lowest -2 

Log Likelihood value, this suggested that a third 

degree function best described the hourly 

alcohol consumption varied over time of day. 

The results of the models are presented in Table 

4.4 on the next page. 

Posthoc comparisons with Bonferroni 

correction showed that the alcohol consumption 

between 19:00 and 23:00 differed significantly 

from the consumption between 1:00 and 15:00 

(all p < .05). Furthermore, there was no alcohol 

consumption between 4:00 and 11:00, which 

was significantly lower than the consumption 

between 17:00 and 0:00 (all p < .05).  

 

 

 

 

 

 

 

Figure 4.8 Alcoholic drinks as a function of time of 

day for students, based on the Estimated Marginal 

Means and considering the nested data structure. The 

whiskers represent the 95% confidence interval. 



33 

 

Table 4.4 

Functions of time of day predicting hourly alcohol consumption. 

 B SE Df F p Standardized β 

Linear model       

Time of day .01 < .01 (1,3258) 34.98 < .01 .01 

       

Second degree function       

Time of day .06 < .01 (1,3266) 142.55 < .01 .17 

Time of day squared < -.00 < .01 (1,3266) 122.45 < .01 < -.00 

       

Third degree function       

Time of day -.12 .02 (1,3259) 35.65 < .01 -.33 

Time of day squared .01 < .01 (1,3258) 63.18 < .01 .03 

Time of day to the power three < -.00 < .01 (1,3258) 86.37 < .01 < -.00 

 

The students also reported their hourly activities. Analysis showed that when students drank 

alcohol, in 79.77% of the cases this was in company of friends or family, and 12.62% of the alcohol 

consumption occurred during dinner. The remaining 7.61% of drinking alcohol took place when 

relaxing, studying, travelling, exercising, or working. 

The ICC of the unconditional model revealed that 84.38%, the variance in hourly alcohol 

consumption was explained between hours, while only 8.80% and 6.52% of the variance was 

explained between days and between participants respectively (all p < .02).  

 

4.1.4.Light 

Figures 4.9 and 4.10 show the hourly light exposure for the students and alcoholics, respectively. 

Visual inspection of these figures revealed that the light exposure among alcoholics fluctuated more 

over the day and had a larger range as compared to the students’ data. While there appeared to be a 

peak at 15:00 for the alcoholics, no peak in light exposure was visible for the students. Note that for 

the alcoholics, data of only 1.5 participant was available. 
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Figure 4.9 Light exposure of students over the day. 

 

Figure 4.10 Light exposure of alcoholics over the day. 

 

Figure 4.11 shows the light exposure of the students and alcoholics in one figure. It is visible that 

the alcoholics experienced a higher light exposure in the late morning and afternoon, and a lower light 

exposure in the evening, as compared to the students.  
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Figure 4.11 Circadian light exposure of the students and alcoholics over the day. 

 

In Figure 4.12 the light exposure as a function of local clock time is represented in a double plot. 

Hours between 2:00 and 7:00 are presented transparently to indicate that more than 75% of the data 

was missing for those hours. Three models were explored to see which one best fits the pattern, where 

time of day as independent variable was added as a linear function, quadratic function, and third 

degree function. First, the linear function was added to the model, which did not significantly improve 

the model (χ²(1) = 2.74; p = .10), and a linear function was not significantly related to the data. 

Secondly, time of day squared was added and this revealed a significant relationship and an 

improvement of the model (χ²(1) = 135.22; p < .01). Lastly, we added time of day to the power of 

three to the model, which did not significantly improve the model (χ²(1) = 2.77; p = .10). This 

suggested that a parabolic function best described the hourly light exposure varied over time. The 

results of the models are presented in Table 4.5. 
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Whilst investigating the level of hourly 

circadian irradiance, there was a significant 

difference found between light over time of day 

(F(23,1765) = 7.2, p < .01). The Bonferroni 

correction in the posthoc tests showed that the 

light exposure between 0:00 and 1:00 and 

between 7:00 and 9:00 was significantly lower 

than the light exposure between 13:00 and 

21:00. 

In order to explore the differences within- 

and between-participants for hourly light 

exposure, the ICCs were computed for circadian 

irradiance. The variance was mostly explained 

between hours with 81.42% (p < .01), 14.29% 

was explained between days (p < .01), and only 

4.29% between participants (p = .07), however 

not significantly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12 Circadian Irradiance as a function of 

time of day for students, based on the Estimated 

Marginal Means and considering the nested data 

structure. The whiskers represent the 95% confidence 

interval. 
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Table 4.5 

Functions of time of day predicting hourly light exposure 

 B SE Df F p Standardized β 

Linear model       

Time of day <.01 < .01 (1,1803) 2.74 .10 .01 

       

Second degree function       

Time of day .36  .03 (1,1797) 143.34 < .01 .35 

Time of day squared -.01 < .01 (1,1798) 140.42 <.01 -.01 

       

Third degree function       

Time of day .56 .12 (1,1791) 20.74 < .01 .55 

Time of day squared -.02 .01 (1,1790) 9.40 < .01 -.02 

Time of day to the power three .00 < .01 (1,1790) 2.78  .10 < .00 

 

4.1.5 Vitality, mood, and time outside 

In Figure 4.13 the hourly subjective feelings of vitality among students are represented as a function of 

time. It should be taken into account that between 2:00 and 7:00, more than 75% of the data was 

missing; therefore these hours were less reliable and are represented transparently in the figure. We 

checked which function best followed the variation in vitality over time of day: a linear function, 

quadratic function, or third degree function. The linear function improved the unconditional model 

significantly (χ²(1) = 27.10; p < .01). Next, we added time of day squared which again improved the 

model significantly (χ²(1) = 94.21; p < .01). Finally, time of day to the power of three was added, but 

this made no improvements to the model (χ²(1) = 1.39; p = .24). Therefore, the quadratic function best 

fitted the variation of vitality over time of day. The results are presented in Table 4.6.  

Local clock time appeared to be significantly related to feelings of vitality (F(23,1976) = 6.48, p < 

.01). Significantly lower feelings of vitality were experienced between 23:00 and 1:00, compared to 

the time between 10:00 and 21:00. In the morning between 8:00 and 9:00, the feelings of vitality were 

also significantly lower than between 11:00 – 12:00 and 13:00 – 14:00. The ICCs for vitality showed 

that 72.89% of the variance occurred between hours (p < .01), 13.96% between participants (p = .01), 

and 13.16% between days (p < .01). 
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Mood was measured daily for both students (M 

= 3.70, SD = .90) and alcoholics (M = 3.05, SD 

= 1.00). None of the alcoholics reported their 

mood as (5) ‘Very good’, but in both groups the 

mode was (4). Looking more into detail at the 

alcohol addicted participants, Participant 1 rated 

his mood on average with (2), while Participant 

3 scored his mood six out of the seven days in 

the sampling week as (4). Participant 2 

fluctuated between mood ratings of (2) and (4). 

No significant effect was found between day of 

week and the rating of mood (F(6,102) = .45, p 

= .85). The unconditional models for mood 

among students showed that 82.15% of the 

variance occurred between days within 

participants (p < .01), and 17.85% occurred 

between participants (p = .08).  

Time outside was also measured daily in 

students and alcoholics. On average, students 

spent 3 hours and 19 minutes outside (SE = 

00:16), and alcoholics 2 hours and 48 minutes 

(SE = 00:43), but there were large differences 

between the alcoholics: Participant 1 spent 

between 5 and 15 minutes outside each day, 

while Participant 3 was outside on average 6 

hours and 43 minutes with a peak of 11 hours. 

Participant 2 varied between 15 minutes up to 

almost 2 hours a day being outdoors.  

 

 

 

 

 

Figure 4.13 Vitality as a function of time of day for 

students, based on the Estimated Marginal Means 

and considering the nested data structure. 
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Table 4.6 

Functions of time of day predicting feelings of subjective state vitality. 

 B SE Df F p Standardized β 

Linear model       

Time of day -.03  .01 (1,2004) 27.28 < .01 -.02 

       

Second degree function       

Time of day .34 .04 (1,2002) 69.54 < .01 .24 

Time of day squared -.01 < .01 (1,2002) 86.04 < .01 <.01 

       

Third degree function       

Time of day .53 .17 (1,2001) 9.97 < .01 .37 

Time of day squared -.02 .01 (1,2001) 5.08  .02 -.02 

Time of day to the power three < .00 < .01 (1,2001) 1.39 .24 < .00 

 

For students, day of week was significantly related to time spent outside (F(6,99) = 3.23; p < .01), 

where most time outside was spent on Thursday (EMM = 04:41 hours; SE = 00:42) and in weekends 

(Saturday: EM = 03:48, SE = 00:40; Sunday: EMM = 04:26, SE = 00:40). Monday appeared to be the 

least popular day to be outside (EMM = 01:38, SE = 00:39) and posthoc tests revealed that Monday 

scored significantly lower than Thursday (p < .01) and Sunday (p = .02) in terms of time spent 

outdoors. The variance of time being outside occurred mostly between days (76.84 %; p < .01), but 

also occurred between participants (23.16%; p < .05). 

 

4.1.6 Sleep vs. Alcohol 

To get more insights in differences regarding sleep and alcohol use within and between students and 

alcoholics, we plotted the alcohol consumption on a daily basis together with the sleep times of each 

participant. Note that often a timespan was indicated by the participants in which an x amount of 

drinks was consumed. Furthermore, these plots show a double plot regarding the alcohol consumption 

in order to explore patterns between sleep and alcohol consumption. Figure 4.14 shows this plot for 

female student 18, since this participant was the most representative for all students. The plots for all 

other students can be found in Appendix D. When looking at the alcohol consumption and sleep times 

of all students, we see no clear pattern. Overall, alcohol consumption was spread over all days and 

over all times of the day, and early sleep onsets were present with and without consumption of alcohol 

consumption on that day. Sleep durations also seemed to differ during the week. We did see that 

alcohol was often consumed during one timespan, meaning there was usually only one drinking 

episode on a day. Also, drinking often happened on consecutive days (e.g. from Thursday until 
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Sunday). More specifically for student 18, we can tell from Figure 4.14 that this student slept in one 

day. The sleep onsets varied throughout the week with a range of about five hours, and sleep latency 

seemed largest when one alcoholic drink was consumed in the afternoon. The shortest sleep duration 

was after the day when most alcohol was consumed, and the longest sleep duration after a sober day. 

This latter finding differed between the students. 

 

Figure 4.14 Alcohol consumption and sleep times for Participant 18. 

 

The sleep times and alcohol consumption for the three alcoholics are presented in Figures 4.15 – 

4.17. Regarding the alcoholics target group, we see that Participant 1 consumed alcohol the whole day 

on a continuous basis. Sleep did not seem to have an effect on the drinking behavior and the amount of 

drinks consumed. Participant 2 did not drink alcohol at all, regardless of his sleep. The data of 

Participant 3 also showed no clear relationship between sleep and drinking, but there were some trends 

visible: on the day he was sober, the sleep onset was longest and sleep duration shortest. The night 

prior to his sober day, the sleep onset appeared to be relatively early and the sleep duration quite long. 
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Figure 4.15 Alcohol consumption and sleep times for alcoholic participant 1. 

 

Figure 4.16 Alcohol consumption and sleep times for alcoholic participant 2. 
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Figure 4.17 Alcohol consumption and sleep times for alcoholic participant 3. 

We also explored the relations between alcoholic drinks and variables of sleep the prior night for 

the student data (see Table 4.7). Alcoholic drink was used as the dependent variable and the models 

were ran with one predictor at a time to avoid multicollinearity.  

 

Table 4.7 

Statistics of predictors for alcoholic drinks. 

Predictors β SE Df F p 

Subjective sleep quality .08 .08 (1,113)  1.16 .28 

Bed time .14 .09 (1,116)  2.22 .14 

Sleep latency .02 .08 (1,108)  .08 .78 

Sleep onset .15 .09 (1,116)  2.68 .10 

Sleep offset -.01 .09 (1,115)  .01 .93 

Sleep duration -.15 .09 (1,115)  2.71 .10 

Midsleep .08 .09 (1,116)  .77 .38 

Time in bed -.16 .09 (1,115)  2.98 .09 

Efficiency .03 .08 (1,112)  .01 .76 

Wake After Sleep Onset (WASO) -.10 .09 (1,115)  1.13 .25 

Times awake -.08 .09 (1,115)  .75 .39 

Note. Standardized scores were used. 

 

None of the predictors seemed to have a significant relationship with alcohol consumption the next 

day. However, some non-significant trends were visible: a later sleep onset, a shorter sleep duration, 

and more time spent in bed indicated a higher alcohol consumption the next day (all p ≤ .10) 
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Therefore, graphs were made with these variables for both students and alcoholics. For the sleep onset 

in Figure 4.17, a positive trend is visible in the student graph between the two variables: a later sleep 

onset indicated a higher consumption of alcoholic drinks. The graph for the alcoholics on the other 

hand, showed on first sight an opposite trend: an earlier sleep onset suggesting a higher alcohol 

consumption the next day. However, this relationship was only visible between participants: there 

appeared to be no within-participant relationship, i.e. no inter-individual pattern for sleep onset and 

amount of alcohol consumption the following day. Figures 4.18 and 4.19 display the relation between 

the time spent in bed and alcohol consumption the following day, and sleep duration and alcohol 

consumption the next day, respectively. For students, these relationships appeared to be negative: a 

longer time spent in bed and a longer sleep duration suggested lower alcohol consumption the next 

day. The alcoholics showed again no clear relationship between the variables when examining the 

within-participant patterns, however there was a positive trend visible between participants. 

 

Figure 4.17 Relationship between sleep onset and alcoholic drinks the following day, for students (above) and 

alcoholics (below). 
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Figure 4.18 Relationship between time spent in bed and alcoholic drinks the following day, for students (above) 

and alcoholics (below). 

 

Figure 4.19 Relationship between sleep duration and alcoholic drinks the following day, for students (above) 

and alcoholics (below). 
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Next, we looked into the relationship between alcoholic drinks and the effect on subsequent sleep 

for students. In these multilevel models, the sleep variables were added as dependent variables and 

alcohol was added as the predictor. The statistics are presented in Table 4.8. 

 

Table 4.8 

Statistics of predictors for alcoholic drinks. 

 β SE Df F p 

Subjective sleep quality -.12 .10 (1,112) 1.45 .23 

Bed time .54 .09 (1,103) 37.68 < .01 

Sleep latency -.22 .08 (1,69) 8.13 < .01 

Sleep onset .52 .09 (1,103) 34.77 < .01 

Sleep offset .32 .10 (1,97) 10.63 < .01 

Sleep duration -.21 .10 (1,97) 4.49 .04 

Midsleep .48 .09 (1,102) 28.31 < .01 

Time in bed -.25 .10 (1,97) 6.57 .01 

Efficiency .10 .07 (1,89) 2.25 .14 

Wake After Sleep Onset (WASO) -.01 .08 (1,101) .01 .92 

Times awake -.04 .11 (1,101) .13 .72 

Note. Standardized scores were used.  

 

In contrast to Table 4.7, where no significant predictors regarding sleep were found for alcohol 

consumption the next day, we did see significant relationships between amount of alcohol consumed 

and sleep during the subsequent night. A higher consumption of alcohol indicated a later bed time, 

later sleep onset, later midsleep, later sleep offset, a shorter sleep latency, a shorter sleep duration and 

shorter time spent in bed. Alcohol did not seem to influence the sleep quality. To explore if these 

relationships also could be found within the alcoholic population, we plotted these variables in Figure 

4.20. A negative trend in the relationship between alcoholic drinks and bedtime, sleep onset, sleep 

offset, and midsleep appeared to be visible, which would be the opposite from what was found in the 

students’ data. A positive trend was seen between alcoholic drinks and sleep duration and time spent 

in bed, which was also the opposite from the findings in students. The relationship with sleep latency 

seemed to be linear. However, all these relationships seemed to occur between participants, not within 

participants. This implied the apparent relations between the variables did not hold when inspecting 

the data for each participant separately.  
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Figure 4.20 Relationships between alcohol consumption and sleep for alcoholics. 
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Furthermore, we checked the correlations between chronotype and social jetlag with alcohol 

consumption in the sampling week, using Spearman’s rho. No significant correlations between 

chronotype and alcohol consumption (r = .06, p = .81), social jetlag and alcohol consumption (r =. 20, 

p = .40) were found. 

 

4.1.7 Light vs. Alcohol  

In order to explore the relationship in students between hourly circadian irradiance and hourly alcohol 

consumption, we created a scatterplot (see Figure 4.21). There seemed to be no clear pattern. This was 

confirmed by statistical analysis investigating the relationship between light exposure and alcohol 

consumption: no significant relation was found between hourly circadian irradiance and hourly 

alcoholic drinks (β = -.03, SE = .02, F(1,1649) = 1.48, p = .23). Splitting the hours in which alcohol 

was consumed and hours when no alcohol was consumed, we saw no significant difference in 

circadian irradiance between the ‘alcoholic hours’ (M = -.07, SE = .01) and the ‘non-alcoholic hours’ 

(M = .01, SE = .07; F(1,1653) = 2.45, p = .12). Although this difference was not found to be 

significant, it showed a trend in which students drank more alcohol in darker environments. 

 

 

Figure 4.21 Relationship between hourly circadian irradiance and hourly alcoholic drinks for students. 

 

4.1.8 Vitality, mood, and time outside vs. Alcohol 

A significant difference was found between the hours with alcohol consumption for hourly subjective 

feelings of vitality (M = .23, SE = .11) and hours without alcohol consumption (M = -.03, SE = .09; 

F(1,2016) = 17.20, p < .01), indicating a positive relationship between feelings of vitality and 

consumption of alcohol. Multilevel analysis showed that hourly alcohol consumption and feelings of 
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vitality were indeed significantly correlated (β = .10, SE = .02, F(1,2014) = 19.30, p < .01). 

Furthermore, since vitality and self-control are concepts that are related, the correlation between trait 

self-control and alcohol consumption was checked: no significant relation was found (r = .35, p = .13). 

When looking for predictors for alcohol consumption on the day itself, we measured the time spent 

outside and mood on day-to-day level. Figure 4.22 shows the relationship in a scatterplot between the 

overall mood and the amount of alcoholic consumptions on that day for both students and alcoholics. 

There appeared to be a positive relationship between the two variables for students, but a negative 

relationship for alcoholics both within and between participants. Statistical tests confirmed the positive 

relationship between mood and drinking for students (β = .24, SE = .08, F(1,120) = 8.85, p < .01). 

Furthermore, when reviewing the mood for students on days when alcohol was consumed, there 

appeared to be a significant difference compared to days without alcohol consumption (F(1,137) = 

5.67, p = .02). Posthoc comparisons revealed the mood on drinking days was rated .37 higher (on a 5-

point Likert scale). 

 

Figure 4.22 Relationship between mood and alcoholic drinks. 

 

In Figure 4.23, the relationship between time spent outside and alcoholic consumption is shown. For 

students there appeared to be a positive relationship, while the scatterplot for the alcoholics showed 

mixed results. Participants 1 and 3 did not spent a lot of time outside, but their alcohol consumption 

was very different, while participant 2 spent many hours outside each day with his alcohol 

consumption in-between. Multilevel analyses investigating the students’ relationship between being 

outside and drinking alcohol, revealed a significant and positive correlation (β = .38, SE = .08, 

F(1,122) = 22.21, p < .01). 
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Figure 4.23 Relationship between time spent outside and alcoholic drinks. 

 

4.2  Qualitative analysis 

Quotes are indicated for the students with an ‘S’ prior to the participant ID, quotes of alcoholics are 

indicated with an ‘A’ prior to their participant ID. 

4.2.1 Experience with the study 

Commitment and Motivation 

The general finding among the alcoholics was that they all did their best to be honest in the diary, and 

to fill out the diary as best as they could. 

 “I filled out the diary as honest as possible. I swear, really. I did it honestly and conscientiously.”(A1) 

The commitment was high among the alcoholics. Even though all alcoholics knew they were allowed 

to stop with the study any time, they had no desire to actually stop participating. They were eager on 

completing the study and to finish what they had started.  

“In for a pound, in for a penny.”(A3) 

 

Confrontation 

All alcoholic participants experienced their participation as confronting. The experience of this 

confrontation was different among the alcoholic group, where facing alcohol use was negatively 

encountered and facing sleep timing positively. However, there was a difference in when exactly this 

confrontation was encountered: for two participants it was caused by having to write down the alcohol 

consumption and their sleep timings and face this.  
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“It had a positive effect on me. I now know I have to do something about my day and night rhythm. 

Because of the diary I realized ‘hey, I am going to bed later and later’, and I don’t want that.” (A2) 

For one participant the realization came during the interview. He had not looked back in the diary to 

previous days and had not thought about the diary after answering the questions.  

“See, right now I am confronted with it. The other days the diary was just on the table and I didn’t 

have to look at it. That was not confronting.” (A1) 

However, the realization itself was seen as positive for all alcoholics, despite the feeling about its 

outcome. 

“It is good the realization kicked in. The drinking was going so unnoticed, and this was a wake-up 

call. It gave me food for thought.” (A3)  

On the other hand, the study had no such effect on the students. They did not encounter any 

confrontation with their data, at most it made them more aware of their activities. 

“I thought the diary was interesting, because it made me realize more what I do and how I feel on a 

day.” (S14) 

Despite the negative confrontation the study caused among the alcoholics, participants emphasized 

they would still have participated in the study if they had known this. 

“If I had known the effect of the study, I still would have participated, I am not that silly. Even if the 

effect of the study had been worse, I still would have participated.” (A3) 

 

Experience with materials 

- Diary 

Regarding the diary, most of the alcoholics and students were satisfied with the number of questions, 

sort of questions, and the time it took to complete it twice a day. Especially the morning questionnaire 

was experienced as not time-consuming. 

“I had no trouble filling in the diary. I did not experience difficulties answering the questions.” (A1) 

“I wasn’t bothered by having to fill in the diary.” (S1) 

With respect to the content of the diary, one alcoholic felt the questions did not take into account 

feelings. The students, who had a more extensive diary than the alcoholics, experienced some 

difficulties with answering questions in retrospect. More specifically, rating state vitality levels over 

the day and the 24-hour schedule in which they had to indicate their activities were seen as relatively 

hard questions. 

“I missed questions about feelings, it was only about drinking, drinking, drinking.”(A1)  

“The diary was challenging in the evening, because you had to review your entire day and that takes 

some time to fill in. Vitality is hard to estimate. Those values have to be in the same scale relative to 

earlier days. That is hard.” (S3) 
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Some students occasionally did not fill in the diary, or not on the recommended time (i.e. after waking 

up and before going to bed), either because they forgot about it, or because a later time was more 

convenient. 

“I guess I missed one evening. I was too tired and drunk.”(S6) 

“One day I woke up and thought, ‘I still have to fill in the diary… what were my activities yesterday?’ 

So it was not really in my rhythm to fill in the diary.”(S19) 

 

- Actiwatch 

All participants, both students and alcoholics, did not experience any difficulties wearing the 

Actiwatch. In fact, some even explicitly mentioned how they had liked wearing the watch. The only 

comments about any inconveniences were due to external factors as temperature or exercising 

activities. 

“It was perfect! For years I could not wear a watch because it gave me a rash, but with this watch it 

was no problem. Except when it got really hot outside it was a bit sweaty.” (A2) 

“The watch was really convenient actually.” (S11) 

Almost all participants had worn the watch the entire time of the sampling period, but some students 

took it of sometimes. 

“Sometimes I took a bath and then I forgot to put the watch back on. It happened sometimes.” (S8) 

“I wore the watch almost all the time, except when exercising because it is quite a big device.” (S20) 

 

- Light Logger 

Unfortunately, one alcoholic and two students lost their Light Loggers during the study. The Light 

Logger was in general experienced as a less convenient device (compared to the Actiwatch), because 

the wearer has to think about it when changing clothes, and pay attention if it is clipped on correctly.  

“It was a little annoying sometimes to have to wear the logger every day. Some clothes for example, I 

couldn’t wear them because I couldn’t clip it on. But it was only a week so it was okay.”(S12) 

Furthermore, sometimes it was not possible or practical to wear the Light Logger, either due to clothes 

or activities. 

“I did not always wear the Logger at home, because I don’t wear t-shirts. So then I put the Logger on 

the table in front of me. It was always close.”(A2) 

“I didn’t wear the Light Logger to parties, was afraid I might lose it.”(S16)  

An often heard comment was that many participants were asked by others what the Light Logger was 

and how it worked. This was not experienced as annoying. 

“I was asked regularly ‘what is it on your clothes?’ I told a few people but not everybody.” (A3) 
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Improvements 

All participants were asked what possible improvements regarding the study could be, both for the 

content and for the entire procedure. No improvements were suggested regarding the Actiwatch and 

Light Logger. For the diary on the other hand, both the alcoholic group and the student group raised 

suggestions. For the alcoholics, it turned out to be important that the diary was not only focused on 

their behavior, but also on their feelings. Additionally, it would have helped if there had been (daily) 

contact with the participants from their caregivers during the study. 

“I missed questions about feelings, it was only about drinking, drinking, drinking.”(A1)  

“I missed my caregiver, who is now on vacation. So I liked it when you called, then I was not alone. 

This had a positive effect on me. But I would say that contact helps, even if it is just a text 

message.”(A3) 

The students’ focused more on practicalities of the setup and questions, where the most heard 

comment was to make the diary into a digital form so they could answer the questions from their 

mobile phone or laptop. Furthermore, they struggled with answering the questions about the day in 

retrospect.  

“It was hard for me remember how vital I felt during the day when filling this in before going to bed. 

So sometimes I just guessed it.” (S4) 

“My mood fluctuated during the day, so rating my general mood was hard.” (S1) 

Also, it was not clear to the students they were not required to answer all open questions, but only 

when something was worth noticing. The one-hour timespan for indicating activities was experienced 

as too long, and few participants also recommended a longer duration of the study to get more data. 

 

Outcome and goal 

None of the students had given thought on what results their data might show, whereas the alcoholics 

did think about this, both positively and negatively. 

“I don’t know what the result will be. […] Then I know where I stand and what I’m doing right or 

wrong. You can tell me that there is no right or wrong, but there is for me. For me.” (A1) 

“People said to me I should ask about the results. I hadn’t even worried about that, I just participate 

and I think it’s fine.”(A2) 

All alcoholics and about half of the students were interested in their sleeping data and specifically 

asked if they could receive their own data. 

“I would like to know how I sleep.”(S15) 

Regarding the goal of the study, in both target group the most asked question during the interviews 

was: ‘What are you trying to find out in this study?’  
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4.2.2 Sleep 

Regular sleeping habits 

Most of the students feel that usually they have a regular sleeping schedule and do not experience any 

difficulties sleeping.  

“I always sleep well.” (S4) 

About half of the students mention there are however some external factors that might influence their 

sleeping behavior, like room temperature, or sleeping in a bed with someone else. This was not an 

issue mentioned by the alcoholic group. 

“I find it hard to fall asleep when it is very hot. But this does not have any effect on how tired I feel the 

next day.” (S5) 

When asked specifically about sleeping problems, one student mentioned she sometimes experiences 

episodes of insomnia. Few mention difficulties falling asleep or the amount of time they sleep. 

“Since a while it is harder for me to fall asleep, and I also sleep more restless. I feel more tired during 

the day then as well, and it is hard for me to stay in a rhythm. I don’t know why actually.” (S14) 

“I don’t have any sleeping problems, but I do sleep a lot.” (S17) 

On the other hand, when the alcoholics were asked for sleeping problems they usually do not 

experience any for sleep itself.  

“I have no problems sleeping.” (A2) 

Sleep timing however, is for the participant who has been clean for eight weeks during the study an 

issue, because the sleep onsets and offsets shift later and later and the sleep duration gets longer and he 

does not feel okay about this.  

“I go to bed around 2:00 and wake up at 11:00. I realized ‘hey, I am going to bed later and later’, and 

I don’t want that.” “I have no idea why I sleep that much, maybe it is because I have nothing else to 

do, so just out of boredom.”(A2)  

The two alcoholics with the relatively early chronotypes do not experience their early bedtimes and 

awakenings as a problem. It should be noted however that the alcoholics use medications that might 

affect their sleep. 

“I like to get out of bed early. And when I go to bed I count to ten and then I sleep.”(A3) 

Noteworthy among the alcoholics is that they sometimes wake up at night to drink alcohol and go 

back to sleep after. 

“Sometimes I take a beer during the night. I wake up because I have to go to the toilet, and then I sit 

down and take a beer.”(A1) 

 

Sleep during the study  

Both some students and an alcoholic experienced their sleep was different than usual during the 

sampling week. For the students, this was caused by factors that had nothing to do with the study. 
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“I sleep more restless now, because of the exams.” (S7) 

“Dreams kept me awake sometimes or they didn’t allow me to sleep.” (S6) 

One participant of the alcoholics however felt his sleep was affected the first night of the study, caused 

by the novelty of wearing the devices and tension this caused. 

“I had trouble sleeping the first night. It sounds weird, but I thought it was tensive. It took about an 

hour and a half before I fell asleep. I was thinking about what those things registered and I was 

worrying and thinking about it in bed.”(A2) 

 

4.2.3 Alcohol 

Regular alcohol use 

All participants consume alcohol on a regular basis, except for one alcoholic (A2). The habits of 

drinking however differ much between the participants. Students often drink with friends in a social 

context. 

“Drinking alcohol is for me really based on friends.”(S8) 

In contrast, for alcoholics there seems to be a real urge to drink, despite the context. 

“Nowadays, I can go without alcohol for a while. But then, just suddenly, it… I’ve had that so many 

times, I have a can in my hand before even thinking about it. The problem is that when I’ve had 1 

drink, I want to 2, and also 3. […] I don’t know why, it is just something in my head. It has nothing to 

do with tensions, it is just the moment.”(A3) 

The amounts also differ, between the groups but also within the groups. 

“When I drink, it is not just a few drinks. It always escalates.” (S10) 

For the alcoholics, there is a difference between how satisfied one is with his situation. A1 drinks on a 

daily basis 24 cans of half a liter beer. He makes an unhappy impression and does not seem to know 

how he can improve his life. The others seem more satisfied with their current situation. 

“I am doing not bad at all actually. I’m clean now for 8.5 weeks and I only took 3 mg of diazepam, 

while normally you get 5 mg at Novadic on your first day [of rehab].” (A2)  

“At the moment, I am quite satisfied with the way things are. I have those moments when I drink, but 

there are also times, longer times, I don’t drink. And I think that is quite good of me, because at some 

point I have to be satisfied. Because that’s, when you are addicted, you need to find your way in it. I 

used to drink every day, but not now. And that’s quite good of me I think.”(A3) 

“To never drink again, that is not something that’s in my agenda. But if I can keep it like this, in 

consultation with and with help from [caregiver N-K], then I think it’s fine.” (A3) 
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Alcohol use during the study   

In the sampling week, several participants mention their drinking behavior was not the same as their 

regular drinking habits. For some students, the alcohol consumption was less than usual. 

“I just did not feel like drinking this week.” (S8) 

For one alcoholic this was also the case, but here it was an effect of the participation in the study. 

“I would have drank more if I hadn’t participated in this study. So now I drank less, and that did not 

feel right. I have had insults before. It just did not feel right. I can’t make anything else of it. It did not 

feel right. Quitting. At one point, it just became a principle to reduce drinking. I couldn’t do that and 

that didn’t feel right. It did not go as I had expected.” (A1) 

On the other hand, more students and alcoholics indicated they drank more during the sampling week 

than they usually did. For students, this was mostly due to external factors as the nice weather and 

having vacation. 

“I drank more alcohol, because I joined more activities than usual.” (S17) 

“It has been a warm week, so I take that as an excuse for drinking beers.”(S20) 

One alcoholic admits he drank more than usual, partly caused by the diary.  

“I drink more alcohol than I initially thought. That gives food for thought. I don’t think it was just the 

diary that causes this, but also a bit the feeling of having vacation, a summer feeling. But the diary did 

contribute. I don’t think another setup of the diary could have prevented this.” (A3) 

 

4.2.4 Sleep and Alcohol 

The relationship between alcohol and sleep is mentioned by both target groups. One student argues 

that she does not experience a relationship between alcohol and sleep. 

“I wrote down a few times that I woke up during the night, but that was because some else woke me or 

someone called me. Not because of the alcohol. Actually, alcohol does not influence how I sleep.” 

(S15) 

On the other hand, from both group there were experiences where alcohol did affect sleep. For 

students this was seen as both positive and negative, for the alcoholic it was negative. 

“It depends on how much I have drunk if it will have an effect on my sleep. I feel like I sleep more 

tightly after drinking alcohol. But I have heard that one sleeps less tight after drinking, so I’m not 

sure. And if I drank a lot, then I wake up during the night to go to the toilet.” (S19) 

“When I drink, I go to bed earlier and have a more restless night. It is quite a big difference compared 

to being sober… I wake up four to five times to go to the toilet, always in the second half of the night.” 

(A3)  

There was one student who experienced that during the sampling week when she had consumed 

alcohol, she was more attentive to any effects of it on her sleep. 
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“Because of the self-awareness the study caused it was harder to fall asleep when I had alcohol. I’m 

not sure if that was because of the study, but it was in my mind.” (S16) 

 

4.2.5 Light and Sleep 

None of the participants currently uses a light appliance to help them fall asleep or wake up. One 

student does own a Wake-up light. 

“I mostly use it when I have to wake early, and there was no reason to wake up early last week. It 

helps me wake up more gradually. I think it’s really annoying to have to wake up when it’s still dark 

outside.” (S17) 

Despite that no one actively makes use of light in their sleep-wake rhythm with a device, some 

participants do use light to help them with their sleep. 

“When I have to wake up early, I don’t close my curtains completely.” (S7) 

“I use the night shift on my phone, which filters out blue light. However, my laptop does not have that 

function while I use it in the evening.” (S19) 

“The room does not have to be completely dark, but I don’t want any big lights on at night because 

that wakes me up. In the hallway, there is a small light which gives just enough light for going to the 

toilet, so I don’t have to turn on the actual lights.” (A2) 

In contrast, one alcoholic has his bed placed under a big window facing east, without curtains, and 

does not experience problems with this. 

“I sleep anyways.” (A1) 

 

4.2.6 Light and Alcohol 

Only the alcoholics pointed out they have experienced a relationship between light and alcohol 

consumption, none of the students did. The comments made on this relationship, were however 

paradoxical. One experience is that when the weather is dark and gray, this leads to depressing 

feelings and therefore to an increase in alcohol consumption. 

“When I still drank alcohol, and it rained outside, I really felt depressive. I drank more alcohol then.” 

Another experience is that on those dark and gray days there is no urge to drink, but on sunny days the 

temptation is much bigger.  

“There is a big difference between dark and sunny days. Everywhere you go, here in the village, you 

see people sitting outside the cafes with beers. While with dark days or bad weather, you are sitting 

cozy inside and there is less pressure to drink, it is just not as attractive as it would be with clear, 

bright weather.” (A3) 
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5. Discussion 

The current study explored the sleep-wake rhythm, light exposure, and alcohol use among students 

and chronic alcoholics, where the main goal was to get insights in the interrelationships between these 

variables and how to conduct such study with an alcoholic target group. A group of twenty students 

and a group of three alcoholics participated in a diary study for a week, where they reported among 

others their sleep timings, mood, and use of alcohol. During the sampling week, all participants wore 

an Actiwatch to objectively measure sleep and a Light Logger to register light exposure. In addition, a 

closing interview was conducted at the end of the sampling week. No significant relationships between 

the various sleep markers and alcohol consumption the following day among students were found, 

although a later bedtime, later sleep onset, and a shorter sleep duration showed a trend towards more 

drinking. A significant relation was found between alcohol consumption and sleep the subsequent 

night for students. No pattern was observed in the relation between sleep and alcohol consumption for 

alcoholics. Regarding light, students were exposed to brighter light in the morning and late evening 

compared to the alcoholics. With respect to mood, the relation between mood and alcohol 

consumption appeared to be opposite for students and alcoholics. In this chapter, we will discuss the 

findings for each topic separately, similar to the reports’ structure in the introduction and results 

section. 

 

5.1 Sleep 

In the current study, the alcoholics appeared to be relatively earlier chronotypes based on the MCTQ 

outcome. This is not in line with a study by Wittmann et al. (2010), that showed that the sleeping 

patterns of individuals who regularly consume alcohol are on average later chronotypes. However, the 

alcohol addicted sample size was very small which could have caused this contradiction, and age 

might have been a confounding variable. Moreover, the alcoholics used medication that might affect 

their sleep, which was not taken into account in this study. Looking deeper into the sleep data of the 

alcoholics in the sampling week, one participant seemed to have much later sleep onsets and offsets 

compared to the other two alcoholics, which is in line with the participants’ MCTQ outcomes. Note 

that the ‘late’ participant had been sober for eight weeks when he participated in the study. Due to the 

small sample size, we cannot draw any conclusion from this, also because there is no data about this 

participants’ sleep timing during his periods of drinking alcohol. Furthermore, compared to the 

students’ average sleep times, the alcoholics’ sleep times were much more varying both within and 

participants (take into account that the students’ sleep times were based on 20 participants). This 

supports the literature that claims alcohol negatively affects the circadian rhythm, for example with an 

affected REM sleep, a disrupted sleep time, or shifted sleep phases (e.g. Roehrs & Roth, 2001; 
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Wasielewski & Holloway, 2001). Regarding the students’ chronotype and alcohol consumption, there 

was no significant difference found between earlier and later chronotypes.  

The average social jetlag for students was determined at one hour and 15 minutes. However, the 

sleep data did not show a longer sleep duration on free days, only a shift towards later sleep onsets and 

offsets. It was not possible to determine the social jetlag for alcoholics, since they indicated they had 

no difference in sleep timings during the week caused by working days and free days. Therefore, it is 

possible this group experiences fewer problems with their disturbed sleep-wake cycle, since they have 

little obligations during the day and thus are not required to go to bed or wake up at a certain time, 

although this was not explicitly mentioned in the interviews. 

We found that over two-thirds of the variance of sleep occurred within students, i.e. a lot of day-to-

day variance, indicating particularly intra-individual differences in sleep. This is in line with a report 

of the National Sleep Foundation (2000), who declared that young adults often have an irregular 

sleeping pattern. However, based on the big spread in the students’ chronotypes, more inter-individual 

differences were expected. This could be explained by the finding that the majority of the sample had 

vacation and therefore a less structured sleeping pattern that is more similar. 

 

5.2 Alcohol consumption 

The timing of alcohol consumption differed between students and alcoholics: students drank mostly in 

the late afternoon and evening, the alcoholics drank throughout the whole day. For students, we also 

measured in which occasions they consumed alcohol: in almost 80% they drank in social contexts, 

over 12% was during dinner. This is in line with finding of Christiansen, Vik, and Jarchow (2002), 

who propose that students drink mostly in social contexts. The diary showed that social activities 

occurred mostly in the afternoon and evening as well, which might lead to the alcohol consumption on 

the described periods. It was not measured in the diary in what context the alcoholics consumed 

alcohol, but from the interviews became clear that one participant usually drinks alone in his 

apartment and the other stated he always drinks in company.  

The amounts of alcohol the alcoholics and students have consumed during the sampling week were 

comparable. On top of that, the average AUDIT score of the students was above the threshold that 

indicates hazardous drinking behavior. However, the students did not classify as alcoholics since they 

are not alcohol-dependent. They do have a higher risk than the average population on developing an 

alcohol problem, because of peer pressure (De Hoop ggz, n.d. b). We would like to point out that the 

sampling week was for some students not comparable to a regular week (based on the AUDIT score) 

in terms of alcohol consumption, for example Participant 15 who drank more than usual due to 

lustrum events of the student association, or Participant 8 who drank less than usual because he did not 

feel well during the sampling week.  
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The variance in the alcohol consumption occurred mostly between hours within participants, 

indicating that the alcohol consumption over days follows a similar distribution while there is more 

variation throughout a day. On the other hand, the drinking patterns in the alcoholic group seemed not 

to vary much throughout days and were more constant. 

 

5.3 Light 

An interesting finding in this study was the difference in exposure to light between students and 

alcoholics in terms of time of day. We see that students were more exposed to light later in the evening 

and night compared to alcoholics, and alcoholics were exposed to brighter light in the late morning 

and the afternoon compared to students. An explanation could be that the alcoholics in our sample 

have no daily schedule and thus have more opportunity to spend time outside during the day, while the 

schedule with daily activities in the students’ diary revealed students were often working or studying 

in the morning and afternoon. The difference in light exposure in the evening can be explained by the 

fact that, in our study, the alcoholics went to bed relatively early and consequently students are 

exposed to more light in those late hours on the day. 

In the current study we saw a relationship between hourly subjective feelings of vitality and 

circadian light exposure among students. Smolders et al. (2013) show in their study that individuals 

experienced higher feelings of vitality in brighter light conditions, which is in line with our findings. 

Unfortunately, state vitality was not measured among alcoholics. Further research is necessary to get 

insights in the relationship between the vitality levels of alcoholics and their exposure to light. Little is 

known about the vitality levels and its effect on self-control among chronic alcoholics, despite the fact 

that self-control is of utmost important in this group.  

Over 80% of the variance of light exposure occurred between hours, indicating a strong effect of 

time of day. Almost 15% of the light exposure’s variance was explained between days, which could 

have been caused by bright, sunny days vs. darker days. Lastly, less than 5% of the variance occurred 

between participants, which was not found to be significant. 

 

5.4 Sleep vs. Alcohol consumption 

From the visual inspection of the data, we see that when students slept in, the time they spent in bed 

after they awoke was shorter compared to when they (had to) woke up earlier. This observation, i.e. 

that students spent more time awake in bed when they awoke early, could be due to a social jetlag, 

meaning they have trouble getting out of bed in the morning. However, the sleep duration when 

students sleep in was not significantly longer. The finding that the sleep timings were later on nights 

when alcohol was consumed could also be explained by the theory that students drink mostly in social 

contexts (Christiansen et al., 2002). In the current study, about 80% of the times where alcohol was 

consumed, occurred in social situations. Because these socializing activities (e.g. parties, among 
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friends or family) often took place in the evening or night, it made sense the students’ bed time shifted 

towards a later time on evenings with alcohol consumption. This is in line with a recent study by van 

Reen et al. (2016), who found a significant positive effect between alcohol consumption and later 

bedtimes among college students. For alcoholics in our study, there was no pattern found regarding the 

sleep timing and alcohol use. The results for the two participants who drank alcohol were mixed: one 

participant drank throughout the entire day, where sleep timing did not seem to have influenced the 

amounts; the other participant had a somewhat varied drinking pattern, but here as well there was no 

pattern found in relation with his sleep schedule. We can conclude that there appeared to be inter-

individual, but barely intra-individual differences with respect to the relation between the sleep-wake 

rhythm and alcohol consumption among alcoholics in our sample. 

The effect of sleep on alcohol consumption the next day appeared to be non-significant among 

students, but there were some trends visible: a later sleep onset, shorter sleep duration and more time 

spent in bed suggested higher alcohol consumption on the next day. Visual inspection of the sleep data 

and alcohol consumption during the sampling week suggested that the sleep onset was latest on Friday 

and most alcohol was consumed on Saturday. It is possible that weekend was a confounding variable 

in this trend and further analysis is necessary to confirm this. Furthermore, there was a significant 

relation found between alcohol use and several sleep variables the coming night, indicating that 

alcohol is a significant predictor for sleep. As discussed in paragraph 2.4.2, there is no consensus in 

literature about the effects of alcohol on sleep. In the current study, we did not find that alcohol 

consumption significantly affected the sleep quality, but we did find that more alcohol consumption 

lead to later bed times, sleep onsets, midsleeps, and sleep offsets, a shorter sleep latency and sleep 

duration, and a shorter time spent in bed.  

 

5.5 Light vs. Alcohol consumption 

In the current study, a non-significant trend was visible in which students consumed more alcohol 

when being exposed to lower light levels. Additionally, from the diary came forward that students 

drank most in the evening between 19:00 and 23:00, i.e. the time in which it gets dark outside. 

Students’ state vitality levels decreased from 19:00 onwards. Smolders and de Kort (2014) found that 

lack of self-control when an individual is fatigued, is higher in low light conditions (i.e. 200 lx). 

Brighter light conditions (i.e.1000 lx) could help overcome this effect on self-control when feeling 

fatigued. This means that when an individual feels tired and is exposed to low light levels it is harder 

to resist temptations, while it would have been less hard when he or she would have been exposed to 

higher levels of illuminance.  

Combining all these findings, we see the following. A non-significant trend was found where in 

darker environments, students consumed more alcohol. At the same time, there was a positive 

relationship between state vitality and alcohol consumption. However, because we could not 



62 

 

determine the causality of the findings, it could go both ways: when an individual felt vital, he was 

more eager to drink alcohol than when he felt less vital, or when an individual drank alcohol the 

subjective vitality rose. These findings implied that, because both a darker environment and higher 

vitality could lead to higher alcohol consumption, a darker environment and a higher feeling of vitality 

are correlated. Time of day was a possible confound in these relations and further analyses are needed 

to test this the correlation and to control for time of day. 

 

5.6 Mood vs. Alcohol consumption 

An interesting finding is that for students daily mood and alcohol consumption were positively 

correlated. Also, the mood on days where alcohol was consumed was significantly better than on sober 

days. Due to the correlational nature of the data, no causal relationships can be determined. Therefore 

we cannot tell if a better mood lead to higher alcohol consumption or higher alcohol consumption lead 

to a better mood. Several studies argue that a negative mood is a motivation for students to drink 

alcohol (O’Hara, Armeli, & Tennen, 2014; Kassel, Jackson & Unrod, 2000). Two explanations can be 

found for this contradiction. First of all, we measured mood on a daily basis, meaning the overall 

mood of the participant could have been good throughout the day, but a drop in mood could have 

caused drinking. Furthermore, the interviews showed that most of the students had holidays and free 

time and therefore they experienced less stress than usual and also drank more alcohol. For the 

alcoholics, we see an opposite effect when looking at mood and alcohol consumption: drinking more 

alcohol and an overall bad mood during the day seemed to be correlated. The alcoholic participants 

were all under treatment for their addiction, implying they want to control their alcohol consumption 

and want to do something about it. Therefore, it is possible they feel bad afterwards when they do 

drink alcohol. 

 

5.7 Experience of the study 

The researchers’ experience in this study regarding working with alcoholics as a target group was 

positive. The participants who agreed to join in this study, really made an effort in completing the 

diary. Despite the fact that facing their alcohol consumption and sleep timings in the diary was 

sometimes experienced as negative for the participants, they did not want to quit the studies even 

though they were allowed to do so, and during the interviews they emphasized they really did their 

best. Jellinek (n.d.) and the American Addiction Centers (n.d.) among others report that a symptom of 

alcohol addiction is to not fulfil commitments and to be unreliable, but these findings were not 

experienced in the current study, where strong commitment among the alcoholics was encountered. A 

reason could be that, because participation was voluntarily, the participants wanted to make an effort 

and hoped to gain more insights in their drinking behavior. However, it had not been asked in the 

interviews what the motivation was to participate in the study. 
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A general finding was that the alcoholic group experienced their participation as confronting. From 

the interviews with the alcoholics it became clear that participation in the study could lead to feelings 

of being watched, and consequently could lead to a change in their usual activities. It is possible that 

due to this spotlight effect (Gilovich, Medvec, & Savitsky, 2000) caused by the diary and wearing the 

devices, drinking behavior was different in the sampling week compared to a regular week. Moreover, 

the confrontation the diary caused within the alcoholics, in terms of creating awareness of daily 

alcohol consumption and sleep timings, could also trigger a behavior change. In our study this 

behavior change went both ways: one participant tried to reduce the alcohol consumption, another 

participant did not cope well with the confrontation and consumed more alcohol than usual. No such 

effects were found in the student population. 

Reflecting on the measurement methods, no participants experienced severe problems with the 

Light Logger and Actiwatch. Caution with the using Light Logger is recommended for future research, 

since there the risk of losing the device appeared to be significant. The diary was not perceived as too 

long or difficult among the alcoholics, and no problems were experienced with answering the 

questions.  

 

5.8 Limitations 

A possible limitation of this study is that causality cannot be determined, only correlational 

relationships. However, due to the chronology of the events and because the correlations between 

alcohol consumption and sleep timings of the following night were stronger than the correlations 

between alcohol consumption and sleep timings of the previous night, we argue that alcohol 

consumption affects bed time the subsequent night and not that the timing of the sleep affects drinking 

behavior prior to this sleep. The same is argued for correlations between light and alcohol, and vitality 

and alcohol.  

Another limitation might be the representativeness of the samples. Since only three alcoholics 

participated, and furthermore they participated voluntarily and actually liked participating in the study, 

the question arises how representative this group was for the alcohol addicted population in general. 

The sampling week for students could also have affected the results: the study took place during both 

exam weeks and the start of the summer break. Therefore, it could be argued that the students either 

drank less alcohol than usual and had a more structured sleep cycle (i.e. exams) or they consumed 

more alcohol and did not follow their regular sleep-wake rhythm (i.e. holidays). For future research, it 

is important the sampling period is comparable with the participants’ regular schedule in order to 

obtain representative results. 

Moreover, measurement of the daily alcohol consumption was determined by self-report, which is 

prone to errors. A study by Kenny, Paves, Grimaldi and Labrie (2014) states that college students 

provide reliable and valid data when self-reporting their alcohol consumption. The alcoholic target 
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group however, might suffer from cognitive impairment (NIAAA, 2003) and therefore might not be 

able to report their consumption correctly. Also, the setup of the questions in the diary induced 

retrospective reporting. This could lead to a self-consistency bias, where the participants’ current state 

of affairs may affect their rating of, for example, their overall mood of the day (Kahneman, 2011). 

Lastly, the self-reporting of consumed alcoholic drinks only took into account the amount of 

drinks, not the volume of each drink. For example, one participant reported two beers on a day which 

were 0.30 liters each, while another participant noted only one beer, but this was 0.50 liter. However, 

the volumes were not noted in the diary and therefore the comparison between participants might not 

have always been reliable regarding the amount of alcoholic drinks. 

 

5.9 Future research 

The current study is conducted in spring. A study by Smolders et al. (2013) showed in spring an 

individual is exposed to higher levels of illuminance compared to autumn and winter. Moreover, 

research showed that alcohol consumption is higher during summer months and in December 

(Knudsen & Skogen, 2015), indicating seasonal differences in alcohol use. The interviewing data 

revealed that there were mixed experiences among alcoholic regarding their drinking behavior in light 

or darker periods: one participant mentioned he is more eager to drink when it is bright and sunny 

outside, another told that when it is gray and dark he felt like drinking. Therefore, it is recommended 

to conduct more research about alcohol consumption in all seasons to avoid biased results. 

Measuring the alcoholic consumption for a period of seven days might not be representative for an 

individuals’ usual alcohol consumption, although this time span does usually cover both working days 

and free days. To get better insights in long-term patterns of alcohol consumption, a longer sampling 

period is recommended. We do not expect problems with a longer sampling period, since the 

interviews showed that the alcoholics did not experience the diary as hard or time consuming and even 

though they were allowed to stop participating any time, they were eager to fully complete the studies. 

However, it is important to check up regularly with the participants to monitor their mental and 

physical state, because mental and behavioral changes are to be expected. 

Unfortunately, we were not able to measure all the variables of interest among the alcoholic target 

group due to the feasibility of a more extensive diary and ethical constraints. Therefore, it was not 

possible in the current study to investigate patterns of subjective vitality, daily activities, and more 

detailed data of sleep. To obtain a more complete image of the daily rhythm of alcoholics and how 

they and their drinking behavior are affected by sleep and light exposure, we recommend to 

investigate this further. 

Based on the findings within the student data, it is suggested to further investigate the trend in 

which a later sleep onset, shorter sleep duration, and more time spent in bed indicate higher alcohol 

consumption. If this trend turns out to be significant in future research, earlier sleep onsets, a longer 
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sleep duration and less time spent in bed could be promoted as a tool for regulating one’s alcohol 

consumption. Also, in the current sample of alcoholics no pattern was found in alcohol consumption 

over time of day. An interesting alternative for both target groups could be to look into the 

consumption of alcohol as a function of internal clock time, since this takes into account the 

chronotype of the participant. Furthermore, in the current study the relation between light exposure 

and alcohol consumption among alcoholics could not be reliably analyzed because of the small 

amount of data. It could be interesting to further investigate this relationship, in order to be able to use 

light as an adjuvant therapy in alcohol addiction. 

To best of our knowledge, this is one of the first studies that explores the relation between the 

sleep-wake rhythm of chronic alcoholics, their light exposure, and its effect on alcohol consumption, 

where the main goal is to develop a light intervention to obtain a more structured life and consequently 

keep alcohol use under control. Further research is necessary to gain more insights in how to design 

this lighting intervention and how to implement it in the daily life of the target group.  

 

5.10 Recommendations 

There are several recommendations for conducting research with chronic alcoholics as target group, 

based on experiences in the current study. These recommendations involve suggestions prior to the 

start of the study, during the study, and after the study has ended. 

Chronic alcoholics are a complex target group. Due to possible cognitive impairment caused by 

years of substance use, we recommend to establish the mental state of each participant before 

including them in the study. This could be achieved by consulting the caregivers (e.g. FACT team). 

This way, the reliability of the self-reported data is assured up to a level that can be controlled for. In 

our experience, the participants will try to be as honest as possible, but it is possible they experience 

cognitive problems and therefore their data might be less reliable. Also, it is recommendable to gather 

a list of medications the participants use, since these can affect behavior. For example, in the current 

study participants used medicine to inhibit their cravings for alcohol and anti-depressants, both can 

influence drinking behavior and sleep. We did not control for this in the data analysis. Additionally, it 

is valuable to run a small pilot study in which the materials and procedure will be reviewed. In the 

current study, we asked the treatment team of chronic alcoholics to give feedback on the set up of the 

diary, since they can assess professionally how the target group will response to the study and what 

they are capable of doing. Another possibility is to run the pilot among the intended target group, but 

due to time constraints and difficulties gathering participants this was not possible in the current study. 

Furthermore, to make the participants familiar with the procedure and possible use of devices we 

suggest to implement ‘trial days’ before the actual start of the experiment, where e.g. the first two days 

of participating are not taken into account for the analysis. This, to avoid a possible novelty effect or 

affected results because of tension the study might have caused in the beginning. 
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An important suggestion is to monitor the mental and physical state of the participant on a daily 

basis during the study. Since the diary study was experienced as confronting and consequently the 

participants tried to alter their behavior both in terms of drinking behavior and sleeping pattern 

without consulting their caregivers, this can lead to risky situations. For example, when an individuals’ 

body is used to a certain amount of alcohol each day, and suddenly there is a drop in alcohol 

consumption, this can damage the body or can cause an insult. Furthermore, the aftercare is also 

important to make sure the participant is not negatively affected by the realization the study might 

have caused. Next, we noticed that the participants were interested in the goal of the study and the 

results, both general and individual. Moreover, knowing why their participation was important seemed 

to be a driver to participate in the study. We recommend to explain the goal of the research to the 

participant beforehand as much as possible without influencing their behavior in the study. 

Afterwards, inform the participants about the outcomes of the study and if possible, provide them with 

their own results and make sure these results are explained in such manner no negatively feelings can 

arise from it. It is important for them to understand there is no ‘right’ or ‘wrong’ in the data they have 

provided.  

Regarding the light intervention, dawn-dusk simulations are recommended because of their 

unobtrusive nature and ambient application, as opposed to bright light therapy. Tailoring of the light 

therapy to the individuals’ sleeping pattern is urged. No patterns were found in the sleep timings of 

alcoholics in the current study, therefore different interventions for each participant might be 

necessary to obtain circadian alignment. 

 

5.11 Conclusion 

Although many studies have been conducted on circadian misalignment among chronic alcoholics, 

only a few studies looked into using light interventions in relation to sleep problems among alcohol 

addicts. This implies an innovative character of the current study. The new insights gathered by both 

quantitative and qualitative research provided valuable information regarding interrelationships 

between the sleep-wake rhythm, light exposure, and alcohol use among students and chronic 

alcoholics. Alcoholics had more varying sleeping patterns over the sampling week and lower 

subjective sleep quality as compared to the students. Although the alcohol consumption between 

alcoholics and students both were found within the same range, students drank mostly in social context 

and in weekends, whereas the alcoholics did not. Furthermore, students mostly drank in the late 

afternoon and evening, while the alcoholics consumed alcohol throughout the entire day. No patterns 

were found in the relation between sleep and alcohol the next day, however there were negative effects 

of alcohol consumption on sleep the subsequent night among students. Light exposure for alcoholics 

was higher during the day, while students were exposed to higher levels in the evening. Furthermore, 

working with alcoholic participants was experienced as generally positive. However, it should be 
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taken into account that participant recruitment might be challenging, and monitoring during the study 

and aftercare are important. All in all, we foresee no large problems in further research with this 

group, although challenges might appear. Additionally, because the setup of the current study in the 

alcoholic target group was relatively new, we presented recommendations for further research with 

chronic alcohol addicts. This explorative study is a first step towards developing a lighting 

intervention to help chronic alcoholic addicts establish an entrained sleep-wake rhythm, in order to 

obtain a more structured life and consequently keep their alcohol use under control. 
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Appendix A: Diary students 

Morning 

1. What time did you go to bed? 

2. What time did you wake up? 

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

4. How long did you sleep? 

5. How did you sleep? (5-point Likert scale varying from (1) Very well – (5) Very poorly) 

Why is this, you think?  

6. How refreshed did you feel after awakening? (5-point Likert scale varying from (1) 

Completely – (5) Not at all) 

7. Did you sleep calmly? (5-point Likert scale varying from (1) Very calm – (5) Very restless) 

8. Have you slept throughout the time allotted? (5-point Likert scale varying from (1) Yes – (5) I 

woke up much too early) 

9. Did you wake up easily? (5-point Likert scale varying from (1) Very easy – (5) Very difficult) 

10. Did you fall asleep easily? (5-point Likert scale varying from (1) Very easy – (5) Very 

difficult) 

11. How much did you dream? (5-point Likert scale varying from (1) Much – (5) Not) 

12. Did you wake up during the night? How many times? 

13. Do you use medicines/alcohol/drugs to fall asleep? If yes, indicate. 

14. Additional comments you want to make about going to bed/sleep/waking up. 

 

Evening 

1. What was your general mood today? (5-point Likert scale varying from (1) Very bad – (5) 

Very good) 

2. How did you experience this day? 

3. Where there any special positive or negative events? 

4. Have you been outside today? How many times and for how long? 

5. Did you consume alcoholic beverages today? Write down which one(s), the amount, and the 

time(s) of consuming. 

6. Did you use any other drugs? Write down which one(s), the amount, and the time(s) of using. 

7. Did you experience any hard times today where the temptation to drink alcohol and/or use 

drugs was big? How many times, when, and how did you deal with this? 

8. Additional comments you want to make about today/your activities/events. 
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Appendix B: Diary alcoholics 

Morning 

1. Hoe laat ging u naar bed? 

2. Hoe laat werd u wakker? 

3. Hoe lang heeft u geslapen? 

4. Hoe lang duurde het voordat u daadwerkelijk in slaap viel? 

5. Hoe heeft u geslapen? (5-punts Likert schaal van (1) Erg goed – (5) Erg slecht). 

6. Bent u ’s nachts wakker geworden? 

7. Gebruikt u een middel om in slaap te komen? Dit kan bijvoorbeeld een medicijn zijn, alcohol 

of een ander middel. 

8. Verdere opmerkingen die u kwijt wilt over het naar bed gaan/uw nachtrust/wakker worden. 

 

Evening 

1. Wat was uw algemene stemming vandaag? (5-punts Likert schaal van (1) Erg slecht – (5) Erg 

goed). 

2. Bent u vandaag buiten geweest? Hoe vaak en hoe lang? 

3. Heeft u vandaag alcohol gedronken? Noteer welke drank(en), de hoeveelheid en ook het 

tijdstip. 

4. Heeft u vandaag andere middelen gebruikt? Noteer welke, de hoeveelheid en ook het tijdstip. 

5. Heeft u vandaag moeilijke momenten gehad waarin de verleiding tot alcohol en/of andere 

middelen groot was? Hoeveel, wanneer en hoe bent u hier mee omgegaan? 

6. Verdere opmerkingen die u kwijt wilt over het naar bed gaan/uw nachtrust/wakker worden. 
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Appendix C: Interviewing template 

1. Hoe vond u het om een week lang uw activiteiten bij te houden? 

2. Is deze week vergelijkbaar geweest met andere weken? Zijn er dingen geweest die heel erg 

afwijken van uw normale leefpatroon? Hoe/waarom? 

3. Ervaart u slaapproblemen? Hoe/hoe lang al/wanneer? 

4. Maakt u gebruik van speciale verlichting, zoals wake-up lights, hue lampen? Wanneer 

gebruikt u dit, wat is uw ervaring daarmee, en wat merkt u daarvan? 

5. Ingaan op gegevens uit het ingevulde dagboek. 

6. Wat had er beter of anders gekund aan deze studie? Zowel inhoudelijk als qua opzet? 

7. Hebt u verder nog vragen of opmerkingen over de studie? 
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Appendix D: Sleep and alcohol data students 

 

Figure D.1 Sleeping pattern and alcohol consumption during the sampling week of participant 1. 

 

Figure D.2 Sleeping pattern and alcohol consumption during the sampling week of participant 2. 
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Figure D.3 Sleeping pattern and alcohol consumption during the sampling week of participant 3. 

 

Figure D.4 Sleeping pattern and alcohol consumption during the sampling week of participant 4. 

 

Figure D.5 Sleeping pattern and alcohol consumption during the sampling week of participant 5. 
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Figure D.6 Sleeping pattern and alcohol consumption during the sampling week of participant 6. 

 

Figure D.7 Sleeping pattern and alcohol consumption during the sampling week of participant 7. 

 

Figure D.8 Sleeping pattern and alcohol consumption during the sampling week of participant 9. 
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Figure D.9 Sleeping pattern and alcohol consumption during the sampling week of participant 10. 

  

Figure D.10 Sleeping pattern and alcohol consumption during the sampling week of participant 11. 

 

Figure D.11 Sleeping pattern and alcohol consumption during the sampling week of participant 12. 
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Figure D.12 Sleeping pattern and alcohol consumption during the sampling week of participant 13. 

 

Figure D.13 Sleeping pattern and alcohol consumption during the sampling week of participant 14. 

 

Figure D.14 Sleeping pattern and alcohol consumption during the sampling week of participant 15. 
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Figure D.15 Sleeping pattern and alcohol consumption during the sampling week of participant 16. 

 

Figure D.16 Sleeping pattern and alcohol consumption during the sampling week of participant 17. 

 

Figure D.17 Sleeping pattern and alcohol consumption during the sampling week of participant 18. 



85 

 

 

Figure D.18 Sleeping pattern and alcohol consumption during the sampling week of participant 19. 

 

Figure D.19 Sleeping pattern and alcohol consumption during the sampling week of participant 20. 

 


