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Abstract 

The need for sleep differs among people, with the average healthy adult needing about 7-9 hours 

of sleep every night in order to function in his/her day to day life. Research has shown a link 

between sleep and negative perception of angry facial expressions, suggesting that sleep is 

essential for emotional processing. We examine the research question, how sleep affects 

emotional correlates in the electroencephalogram (EEG). Motivated by the importance of sleep 

to people’s emotional stability, we examine the research question: How does sleep affect 

emotional correlates in the EEG.  

We hypothesize that sleep affects how people process emotional pictures. We expect that 

people who slept less than six hours will show a lower reactivity of the brain to pictures with 

emotional content.  

 We recorded EEG from 119 participants, while they looked at emotional pictures from 

the OASIS database. The pictures were grouped into those of positive, neutral and negative 

valence. The BIS (Bergen Insomnia Scale) questionnaire was used to screen for potential sleep 

problems of the participants. We also asked how many hours the participants slept the night 

before. They answered six questions about their sleep habits and we calculated the BIS score. 

We defined participants who scored at least 3 on at least one of the first four questions of the BIS 

and at least 3 on at least one of the last two questions of the BIS as suffering from insomnia. 

We considered two groups; one with participants who slept 6 hours or less in the night 

before the testing and one where the participants slept 7 hours or more in the night before the 

testing. The Fast Fourier Transform (FFT) of the EEG was computed. We extracted band power 

in the alpha frequency range (8-12 Hz). The IBM SPSS statistics software was used for all 

statistical analysis. A generalized linear model for repeated measures was used with two within 

subject factors (for the variables “valence” and “region”), that each had 3 levels, and a between 

subject for the variable “hours of sleep” or “insomnia”.  

For insomnia and sleep deprivation the main effect of region, and the main effect of 

valence were found significant, but there was no significant effect for hours of sleep or insomnia. 

There was an interaction between region and valence, but no evidence of interactions between 

region and hours of sleep or insomnia, valence and hours of sleep or insomnia, and valence and 

hours of sleep or insomnia, and region. We did not manage to confirm our hypothesis, but found 
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that emotional valence differently activates diverse brain regions. The main limitations of this 

research were the following:  

• We only measured hours of sleep for one night. 

• The hours of sleep were subjectively reported. 

• The research took place during the sunnier months of the year in Iceland.  

 

We hope that this thesis will stimulate more thorough research on this topic to gain a better 

understanding of the interaction of sleep and emotional state.  

 

 

Keywords: Sleep, EEG, Emotions, Insomnia, Emotional pictures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sleep and emotions 
 

 
 

iii 

 

Útdráttur 

Þörf fyrir svefn er breytileg milli fólks. Heilbrigður, fullorðinn einstaklingur þarf að jafnaði að 

sofa í 7-9 klukkustundir til þess að geta lifað sínu daglega lífi. Rannsóknir hafa sýnt tengsl á milli 

svefns og hvernig við skynjum andlitsbrigði eins og t.d. reiði. Niðurstöðurnar sýna mikilvægi 

svefns fyrir úrvinslu tilfinninga. Í þessu rannsóknarverkefni beinum við sjónum að 

rannsóknarspurningunni um hvernig svefn hafi áhrif á úrvinnslu tilfinninga í EEG. 

Tilgáta okkar var að svefn hafi áhrif á hvernig fólk vinni úr tilfinningatengdum myndum. 

Við teljum að fólk sem sefur minna en sex klukkustundir á nóttu sýni minni viðbrögð við 

tilfinningalegum myndum. Okkur fannst mikilvægt að skoða rannsóknir á þessu sviði vegna þess 

að svefn hefur mikil áhrif á tilfinningalegt jafnvægi fólks. Við gerðum mælingar á 119 

þátttakendum á meðan þeir horfðu á tilfinningamyndabanka OASIS. Myndirnar voru flokkaðar í 

jákvæðar, neikvæðar og hlutlausar.  

Notast var við sex spurningar úr BIS (Bergen Insomnia Scale) listanum til að skoða 

hugsanleg svefnvandamál hjá þátttakendunum og skilgreindum þátttakendur sem fengu a.m.k. 3 

stig á a.m.k. einni af fjórum fyrstu spurningunum og a.m.k. 3 stig á a.m.k. annarri af tveimur 

síðustu spurningunum. Einnig spurðum við hversu langan svefn þeir hefðu fengið nóttina áður. 

Þátttakendum var skipt í tvo hópa; annar hópurinn samanstóð af þátttakendum sem sváfu minna 

en 6 klukkustundir nóttina fyrir mælingar en hinn svaf 7 klukkustundir eða meira nóttina fyrir 

mælingar.  Við notuðum Fast Fourier greiningu (e.Fast Fourier Transform, FFT) og skoðuðum 

gögnin á Alpha tíðninni 8-12Hz. Tölfræðiforritið IBM SPSS var notað í tölfræðiúrvinnsluna og 

til að gera línulega greiningu á endurteknum mælingum (e. General linear model for repeated 

measures). Í greiningunni notuðum við tvo innanhópaþætti (fyrir breyturnar „gildi“ og 

„heilasvæði“), þar sem hvor þáttur hafði 3 stig, og millihópaþáttur var einnig notaður (fyrir 

breytunar „klukkustundir sem var eytt í svefn“ og „svefnleysi“. 

 Fyrir svefnleysi (e.insomnia) og of lítinn svefn voru meginhrif á heilasvæðum og munur á 

gildum. Ekki var þó marktækur munur á klukkustundum í svefni né svefnleysi (e.insomnia). 

Tengsl voru á milli heilasvæða (e.brain regions) og gilda (e.valence) en engin tengsl voru á milli 

heilasvæða og fjölda klukkustunda sem var eytt í svefn. Það voru heldur engin tengsl á milli 

svefnleysis (e.insomnia), gilda (e. valence) og klukkustunda sem var eytt í svefn. Þá voru engin 
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tengsl á milli gilda (e. valence) og klukkustunda sem var eytt í svefn og heldur ekki á milli 

svefnleysis og heilasvæða. 

 Við náðum ekki að staðfesta tilgátu okkar en við komust að því að tilfinningagildi (e. 

emotional valence) hafa mismunandi áhrif á ákveðnar heilastöðvar. Á rannsókninni voru 

ákveðnar takmarkanir, þær helstar að einungis voru mældir tímarnir sem var varið í svefn yfir 

eina nótt, þátttakendurnir greindu svefntíma á huglægan hátt og rannsóknin var gerð sólríkustu 

mánuði ársins á Íslandi. Við vonumst til þess að þessi ritgerð verði hvatning fyrir frekari 

rannsóknir á þessu sviði til að öðlast aukinn skilning á áhrifum svefns á tilfinningalegt ástand 

fólks. 

 

Lykilorð: Svefn, EEG, Tilfinningar, Svefnleysi, Tilfinningatengdar myndir 
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1. INTRODUCTION 

 

The need for sleep differs among people due to genetic factors and other reasons (Chaput, Dutil 

and Sampasa-Kanyinga, 2018). The prevalence of insomnia in the world is approximately 30% 

(Roth, 2007). Insomnia can lead to a diagnosis of various psychiatric disorders, such as 

depression and anxiety (Roth, 2007). Sleep deprivation has also been found to have widespread 

effects on brain functions, such as memory (Tudor et al., 2016), attention (Doran, Van Dongen 

and Dinges, 2001) and emotions (Kahn, Sheppes and Sadeh, 2013). This highlights the need for 

research on the interactions of sleep and brain functions. 

 

1.1 Insomnia in northern countries 

In northern countries, Iceland included, the sun is visible only for a short part of the day in the 

winter months. During the summer months it barely sets. In 2018, the mean hours of daylight 

were 1161,3 hours in Reykjavík, and 1012,7 hours in Akureyri. In Reykjavík, the months of 

March, August and September were the sunniest, while in Akureyri it was March, June and 

September that were the sunniest months (Veðurstofa Íslands, 2019). Sunlight may be a 

contributor to quality of sleep, as it helps people feel alert and ready for an active day (Dijk and 

Archer, 2009). In a study by Janson et.al. (1995) on young adults in four European cities 

(Reykjavík (Iceland), Uppsala (Sweden), Gothenburg (Sweden) and Antwerp (Belgium)) it was 

found that the prevalence of difficulties inducing sleep (DIS) was between 6% and 9%. Their 

research in Reykjavík (535 participants answered the sleep questionnaire) found that participants 

there were more likely to go later to bed and wake up later than their Swedish counterparts. They 

also had slightly, but significantly, lower nocturnal awakenings and the prevalence of nightmares 

was much lower than in the other cities. Going later to bed may contribute to more 

dissatisfaction with sleep quality.  

 Study by Ohayon and Partinen (2002) on insomnia among 982 Finnish participants aged 

18 years and older, revealed that 11,7% of samples had a DSM-IV insomnia disorder diagnosis. 

Interestingly, it was also found that more than a third of the participants had insomnia symptoms 

occurring at least three times a week. So, from these results we can see that sleep problems in 
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Finland are more prevalent when we look beyond the DSM-IV criteria of insomnia. This should 

be kept in mind when researching insomnia in Iceland.   

 

1.2 Insomnia and emotional processing 

Sleep deprivation can have deleterious effects on memories (Prince and Abel, 2013). Tempesta, 

Socci, Gennaro and Ferrara (2018) found that negative memories seemed to be more resistant to 

the effect of sleep loss than positive memories. Individuals who experience sleep loss may 

experience a negative affective tone the next day, which may lead sleep-deprived individuals to 

assess stimuli as more negative (Socci, Gennaro and Ferrara, 2018). Sleep deprived individuals 

are more prone to a negative attitude than those who sleep enough, which may affect many 

aspects of their personal life (Watson et al., 2009). Perkinson-Gloor, Lemola and Grob (2013) 

studied adolescents in Switzerland (where the mean age was 15.4 years and the SD 0.8) and 

found that sleeping less than an average of 8 hours a night was related to a less positive attitude 

towards life, and it also affected the participants behavior and resulted in lower grade in school, 

compared to individuals who got sufficient sleep. Perkinson-Gloor et.al. (2013) conclude their 

study by recommending that adolescents should strive to get at least 8 hours of sleep every night. 

 

1.3 Emotional processing and the EEG 

In a study done by Suo et al. (2017) participants were split into two groups based on the 

hemisphere with dominant alpha activity. Specifically, a median split was done based on frontal 

EEG asymmetry scores during the 2-min resting task. One group consisted of left active 

individuals, i.e. those who showed greater alpha power in the left than in the right hemisphere, 

and the other group consisted of right active individuals, i.e. those who showed greater alpha 

power in the right hemisphere. They found that the left active individuals showed smaller frontal 

EEG alpha asymmetry score when viewing negative pictures compared to when viewing positive 

or neutral pictures, but the right active individuals showed similar frontal EEG score when 

viewing negative, positive and neutral pictures. The left hemisphere active group showed a larger 

P300 wave when the negative pictures were shown compared to when the positive and neutral 

pictures were shown. In the right active group, there was no significant ERP effect. These 

findings for the left hemisphere active group individuals can be assumed from an evolutionary 

adaptive perspective as to viewing threatening stimuli, but for the right hemispheric individuals 
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this negative bias disappeared and was therefore not viewed as a threat, and the group did not 

adapt to the environment as quickly. Du, Mehmood and Lee (2014) found evidence for alpha 

activity changes for different emotional stimuli; their results showed that calm, happy, sad and 

scared states had an effect on the low alpha band (less than 10 Hz), while the neutral states had 

an effect on the high alpha band (more than 10 Hz). 

 

1.4 The effect of sleep on EEG correlates of emotional processing 

There is evidence for a relationship between sleep and emotional processing among people with 

depression. Lau et.al. (2020) presented a group of individuals various pictures of faces with 

differential face expression and found a relationship between sleep and negative perception. 

Therefore, effects of sleep could help to understand how people with depression process 

emotions. The findings of this particular study should encourage researchers to conduct more 

studies on how sleep affects emotional responses in the EEG, not only focusing on groups with 

depression or other disorders, but also on people who do not suffer from any mental disorder.  

 

1.5 Research question and hypothesis 

This thesis seeks to answer the following question: How does sleep affect emotional processing 

correlates in the EEG? We hypothesize that sleep affects how people process emotional 

processing, and that people who sleep less than six hours will show a lower reactivity of the 

brain to emotional pictures. 

 

2. METHODS 

 

2.1 Ethics 

We obtained permission from Vísindasiðanefnd (VSN) to perform the recordings for our project 

titled “Sleep problems and emotional correlates in the EEG”. The first reply from VSN came on 

the 9th of April 2019 saying that some changes were needed to the application. As a result, a 

revised version was submitted on the 9th of May 2019. The vote from VSN confirming the 

experiment came on the 28th of May 2019 and the number of the vote was 19-090-V1. All 

participants provided written informed consent to participation. 
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2.2 Recruitment  

Participants first answered an online survey, which included the question from the seasonal 

pattern assessment questionnaire that allows us to calculate the global seasonality score, as well 

as questions about age and gender and the option to leave contact information. Recruitment was 

done by advertising on Facebook (by posting the link to the recruitment questionnaire). 

Additionally, psychology students at the University of Akureyri were contacted through e-mail 

and asked whether they were willing to participate in the research. The answers from the online 

questionnaire were screened with the initial aim to include 50% participants with a high 

seasonality score. However, the number of participants who left contact information was so low 

that we approached all interested participants. We sent them an e-mail inviting them to 

participate in the experiment. If they responded and were ready to participate, we contacted them 

to arrange for a time for the experiment. 

 

2.3 Procedure 

Before the participant arrived, we got everything ready; we turned on both the computers, 

opened the files and EEG software, filled the participants’ code number in the list of code 

numbers and made sure that the EEG cap was clean, dried and ready to use. When the participant 

came to the recordings, we greeted him and introduced ourselves. Then we asked him to sit down 

and fill out and sign the informed consent, which we then took when completed. We also asked 

him to write down his phone number on a piece of paper, which we then wrote down in a private 

document. This information was needed for the follow-up part of the study. The piece of paper 

that had the phone number of the participant was destroyed thereafter in a shredder, so that 

personal information would be erased. When the participant had completed the informed 

consent, we asked him whether he was hungry, thirsty or needed to go to the bathroom, and 

explained that we were asking these questions because once he was connected to the EEG, he 

should not go anywhere for the next 1,5 - 2 hours. Before we measured and put the cap on the 

participants’ head we offered him cookies, water or going to the bathroom if he needed to. When 

we had finished explaining this we asked the him to sit down in front of the computer screen and 

answer the three parts of the questionnaires containing general questions about the participant 

and specialized psychometric instruments addressing issues like physical activities, emotions, 

education, medication (if he took any medication), and his sleep pattern. While he was answering 
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these questionnaires, we measured the circumference of his head and put the right sized cap 

according to the measurements of his heads. Then, while the participant was still answering the 

questionnaires, we started preparing the head for the electrodes of the cap by rubbing some 

electrolytes creme with a cotton swab on the spots on the heads where the electrodes should be 

positioned in order to lower the impedances below 10 Kilo-Ohm, to get a  good signal-to-noise 

ratio. When we had a good signal, which we could see on the EEG computer, we switched on to 

the part of the software that showed the brainwaves. We showed the participant the effects of 

chewing, blinking, moving, etc. on the recorded signal, and told him that he should avoid doing 

these things while the recordings were in process. Then we began the recordings.  

 

2.4 Questionnaires 

The questionnaires that were used in the recordings were the Seasonal Pattern Assessment 

Questionnaire (SPAQ; Rosenthal et.al. 1987 ; Magnússon and Stefánsson, 1993), Patient Health 

Questionnaire (PHQ-9; Kroenke, Spitzer and Williams, 2001), Bergen Insomnia Scale (BIS; 

Pallesen et al., 2008), Life Orientation Test Revised (LOT-R; Scheier, Carver and Bridges, 

1994), Ruminative Response Scale-short form (RRS; Treynor, Gonzalez and Nolen-Hoeksema, 

2003), Habit-Index of Negative Thinking (HINT; Verplanken, Friborg, Wang, Trafimow and 

Woolf, 2007), Perceived Stress Scale-4 (PSS-4; Cohen and Williamson, 1988), Depression 

Anxiety Stress Scales-21 (DASS-21; Lovibond and Lovibond, 1994), Creature of Habit Scale 

(COHS; Ersche, Lim, Ward, Robbins and Stochl, 2017) and  Positive Believes in Rumination 

Scale (PBRS; Watkins and Moulds, 2005). “BIS is a validated scale for the measurement of 

insomnia containing six items, which pertain to sleep onset, maintenance, early morning 

awakening insomnia, not feeling adequately rested, experiencing daytime impairment, and being 

dissatisfied with current sleep. The scale is also one of the few insomnia scales that provides 

normative data for comparisons and can be validately used for subjective as well as 

polysomnographic data” (Pallesen et al., 2008).  

The Bergen Insomnia Scale was translated to Icelandic in 2018 by students at the 

University of Akureyri in a translation-backtranslation scheme with 2 independent translators 

and 2 independent back translators. We extracted questions from the overall database of 

participants answers that were connected to sleeping, specifically, how the participants slept in 

the night or whether they got a full night’s sleep. Then, we extracted also the questions from the 
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Bergen Insomnia Scale (Pallesen et.al., 2008): “During the past month, how many days a week 

has it taken you more than 30 minutes to fall asleep after the light was switched off?”1, “During 

the past month, how many days a week have you been awake for more than 30 minutes between 

periods of sleep?”2, "During the past month, how many days a week have you awakened more 

than 30 minutes earlier than you wished without managing to fall asleep again?”3 , “During the 

past month, how many days a week have you felt that you have not had enough rest after waking 

up?”4, “During the past month , how many days  week have you been so sleepy/tired that it has 

affected you at school/work or in your private life?”5 and “During the past month, how many 

days a week have you been dissatisfied with your sleep?”6. From these questions we could 

calculate the BIS score for every participant. 

 

 

2.5 EEG recording 

EEG was recorded with the Brain Products BrainVision analyzer software (2019), and the Brain 

Products Amplifier. An easy cap with 32 channels was used to record the EEG from sensors 

mounted in the 10-20 system. First, we recorded the EEG baselines of the participants by asking 

them to sit still, first with their eyes open and then with their eyes closed, each for 3 minutes. 

Then, we moved on to the next task, which was to record their brain activity using the 

BrainVision Analyzer (2019) in one computer, and on another screen using the Psychotoolbox 

and Matlab (MATLAB., 2010) for presentation of the cognitive tasks / conditions. In this part 

there were two tasks, one which tested the memory of the participants in a free-recall, and a 

recognition task. In the learning part, the participants looked at a number of 60 pictures, some of 

which contained something linking to a particular season (winter, summer, spring or autumn). 

 
 

1 “Síðastliðinn mánuð, hversu marga daga í viku hefur það tekið þig meira en 30 mínútur að sofna eftir að ljósin 
voru slökkt?” 
2 Síðastliðinn mánuð, hversu marga daga í viku hefur þú verið vakandi í meira en 30 mínútur á milli svefns tíma?” 
3 “Síðastliðinn mánuð, hversu marga daga í viku hefur þú vaknað meira en 30 mínútum fyrir áætlaðan tíma og ekki 
náð að sofna aftur?”, 
4 “Síðastliðinn mánuð, hversu marga daga í viku upplifir þú að þú hafir ekki fengið nægilega hvíld eftir að þú 
vaknar?” 
5 “Síðastliðinn mánuð, hversu marga daga í viku hefur þú verið svo þreytt/-ur að það hafi haft áhrif á skóla/vinnu 
þína eða einkalíf þitt?” 
6 “Síðastliðinn mánuð, hversu marga daga í viku hefur þú verið óánægð/-ur með svefninn þinn?”. 
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Participants were supposed to press a button in accordance with the season they related the 

picture to. The participants were supposed to try to memorize the pictures that were shown, 

because after learning followed the recall part. In the recall part we recorded the brain activity 

while the participants were recalling and mentioning the pictures that they had seen, which we 

wrote down on a piece of paper. The third part of the memory task was recognition. We recorded 

the brain activity while the participants were shown all the pictures again but intermixed with 60 

new pictures. Participants were supposed to press one of two buttons (the left or the right arrow) 

in accordance to whether they had seen the picture before or not.  

Next, the participants performed the Stroop task, in which they saw a colored word on the 

screen and were supposed to say if the letters in the word were colored green, red, or blue. 

Different colored words appeared on the screen 315 times; there were 9 total conditions and 35 

trials per condition. 

The final task for the participants was a rumination task, which involved them listening to 

a pre-recorded audio file and doing what they were asked to do. The participants were given a 

headset to put in their ears for listening. This rumination task was divided into three parts, called 

A, B and C. In part A of the task, the participant was asked to answer some questions that were 

written down on a piece of paper that was placed in front of him. There was one question that 

measured feelings and eight questions that were about rumination. Then some music was played 

for the participant before he finished a task. In part B, the participant listened to some music that 

was described to be sad and was supposed to produce sad feelings in the participant. The 

participant was encouraged to think about and pay attention to the sadness in the music. When 

the music stopped the participant was asked to answer one question about rumination which 

formed part B. In part C of the task the participant was asked to solve computer assignments. 

The purpose of these assignments was to measure performance in solving quick computer tasks. 

When the participant was finished with all these tasks, we took the cap of his head and offered 

him to wash his hair in the shower or the sink at the lab. After that we assisted him in 

downloading the Survey App, which he needed for the follow-ups. However, the follow-up of 

the study is not of relevance to the presented work. 
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2.6 EEG analysis 

EEG data was analyzed with BrainVision Analyzer (2019). We analyzed EEG-data from the 

picture learning condition in the following steps: For preprocessing, data was filtered from 0.5-

30 Hz with zero-phase shift Butterworth filters. Then, re-referencing was performed by 

averaging the activity of all electrodes and subtracting this mean from all other channels. Next, 

independent component analysis (ICA) was performed in order to automatically remove eye-

blink artefacts. The vertical lower oculogram was used as vertical activity channel. The ICA 

algorithm used was the informax restricted. As a last preprocessing step, a raw data inspection 

was done in order to automatically identify and exclude artefacts by applying the standard 

thresholds as implemented in BrainVision Analyzer (2019): 

• Check gradient: maximal allowed voltage step 50 microvolt/ms. 

• Check difference: maximal allowed difference of values in intervals of 200ms: 200 

microvolts. 

• Lowest activity allowed in 100ms intervals: 0.5 microvolt.  

Bad events were marked ± 200ms around the identified artefacts. For the purpose of EEG 

analysis, the data was segmented into: 

• Pictures with negative valence (N=19).     

• Pictures with neutral valence (N=20). 

• Pictures with positive valence (N=21). 

Each segment runs from 0 (=time of picture appearance on screen) to +1000ms (=1 sec after 

picture appearance on screen), i.e. it includes viewing of the picture for one second. Each 

segment was transformed with fast Fourier transform (FFT). All FFTs within one category 

(negative, neutral, positive) were averaged across segments. From this result, we selected the 

channels of interest (F3, Fz, F4, F7, F8, P3, Pz, P4, P7, P8 O1, Oz, O2). From the average FFT 

per subject and per condition, we averaged activity between 8 and 12 Hz, i.e. in the alpha range. 

The corresponding values were exported from each participant to a table for further statistical 

processing. 
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We chose to analyze the alpha frequency range 8-12Hz of the EEG. We chose that 

frequency because this oscillation is observable in the awake and relaxed brain, it is also known 

as the background rhythm. The method we used to analyze the EEG data was FFTs (Fast 

Fourier Transform). We expected changes in alpha frequency in the frontal lobe, parietal lobe 

and the occipital lobe when the participants were looking at emotional pictures. The electrodes 

we used from the 32 electrodes cap were following: Fp1, FPz, Fp2, F3, Fz, F4, P3, Pz, P4, O1, 

Oz and O2. They are situated on the brain area that we used when collecting our data which were 

from the areas of the frontal lobe, parietal lobe and occipital lobe and as stated previously, the 

brain areas that show us a basic rhythm. Therefore, we were interested to see if any changes were 

in brain activity during these tasks. 

 

2.7 Statistics 

The statistical analysis was done using the IBM SPSS Statistics 25 software. The data was 

transferred from Excel to SPSS. In SPSS we calculated the average mean for the factors 

“valence” and “regions” and also for the three factor levels, referred to as “P” (positive), “O” 

(neutral) and “N” (negative). Next, we calculated the BIS score for all the participants in Excel 

and merged it into the SPSS data sheet. Then we had to check the participants’ answers to the 

question about how many hours of sleep they got the previous night, excluding those participants 

that didn’t answer the question and those who were lacking information. This resulted in three 

participants being excluded from the analysis. One participant was excluded due to missing EEG 

data.  

Furthermore, we split the dataset into two groups. The first group included participants 

who slept 6 hours or less (which, according to Watson et.al. (2015) is not considered enough 

sleep for an adult), and the second group included participants that slept at least seven hours 

(which, according to Watson et.al. (2015) is considered enough sleep for an adult). We did this 

by choosing one for first group, and then two for second group. There was one participant that 

stated to have slept 6.5 hours, and we put him in the second group (7+ hours of sleep). Next, we 

implemented a repeated measure generalized linear model. We included two within subject 

factors: “valence” with 3 levels and “region”, again with 3 levels. Then we paired these defined 

variables by putting together 1 and 1 (positive and frontal lobe), 1 and 2 (positive and parietal 

lobe), 1 and 3 (positive and occipital lobe), 2 and 1 (negative and frontal lobe), 2 and 2 (negative 
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and parietal lobe), 2 and 3 (negative and occipital lobe), 3 and 1 (neutral and frontal lobe), 3 and 

2 (neutral and parietal lobe) and finally 3 and 3 (neutral and occipital lobe). We used the sleep 

hours variable as a “between subject factor”. To this end, we exported all the questions from the 

BIS questionnaire from Excel to SPSS. According to Pallesen et al.’s guidelines (2008) we 

defined participants who scored at least 3 on at least one of the first four questions of the BIS and 

at least 3 on at least one of the last two questions of the BIS as suffering from insomnia. With 

this grouping factor, we ran the generalized linear model as described above. 

 

3. RESULTS 

 

3.1 Sample details 

Male participants were 18, or 15.7% of the total sample size, while there were considerably more 

female participants, or 87 (75.7% of the sample size). Ten participants (or 8.7% of the total 

sample size) did not answer the gender question. Female participants were on average 34.4 years 

old (SD= 13.1) and male participants were on average 33.4 years old (SD= 14.8). 

 

3.2 Sleep 

Figure 1 provides a summary of the participants’ sleeping hours, or more specifically the number 

of participants who slept 6 hours or less and participants who slept at least 7 hours. Figure 2 

provides a summary of the participants who are suffering from insomnia, according to 

calculations of this participants sample. Figure 3 provides a summary of the number of hours the 

participants were asleep, ranging from about 2,5 hours to a little less than 12,5 hours. 
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                   Figure 2 : Distribution of insomnia 

 

  

 

Figure 3: Distribution of sleeping hours 
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Figure 1: Distribution of hours of sleep 
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3.3 EEG results 

We found a significant main effect for region (F(2.226)=223,49; p<.001), and a significant main 

effect for valence (F(2.226)=33.35; p<.001), but no significant effect for hours of sleep 

(F(1.113)=.352; p=0.552). There was a significant interaction between region and valence 

(F(4.452)=16.01; p<.001), but not a significant interaction between region and hours of sleep 

(F(2.226)=.066; p=0.936), valence and hours of sleep (F(2.226)=.901; p=.407), and valence and 

hours of sleep, and region (F(4.452)=.427; p=.789). 

When performing the same analysis according to BIS-diagnosis for insomnia, we found 

that the main effect in valence (F(2.222)=39.95; p<.001), and in region (F(2.222)=247.86; 

p<.001) are significant. But there was not a significant effect of insomnia (F(1.111)=1.205; 

p=.275). There is a significant interaction between region and valence (F(4.444)=18.74; p<001), 

but there is not a significant interaction between valence and insomnia (F(2.222)=.487; p=.615), 

and there is also not a significant interaction between region and insomnia (F(2.222)=.903; 

p=.407). There is not a significant interaction between valence, region and insomnia 

(F(4.444)=.098; p=.983). As you can see in Figures 4 there is only a small difference in EEG 

activity between stimuli of different valence. Neutral stimuli evoke the lowest power, negative 

stimuli the largest, and the difference is most pronounced in the occipital region. Dispersion is 

the largest in the sample without insomnia. 
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Figure 4 : Boxplots for EEG-alpha power in the occipital region, separately for participants with or without 

insomnia and for negative, neutral and positive valence 

  

 

Figure 5 show the difference between valence of stimuli of the O (occipital) region of the 

brain, and whether a person has slept 7 hours or more or up to 6 hours. There was almost no 

difference between valence of stimuli of the brain regions. Again, the EEG power is lowest for 

neutral, and highest for negative valence stimuli. The largest difference was in the occipital 

region. Also, although not significant, there seems to be a tendency for participants with fewer 

hours of sleep in the night before the recording to show a lower alpha power. 
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Figure 5 : The difference between valence of stimuli of the O (occipital) region of the brain, separately for groups of 

people who have slept 7 hours or more and those who have slept up to 6 hours. 

 

 

Figure 6 shows the difference between valence of stimuli for insomnia and hours of sleep 

versus emotion of the brain region, and whether a person has slept less than 5 hours or more than 

8 hours. When we looked at figure 5 we saw that there was a small difference, so we wanted to 

check if we could see whether there was a difference by grouping the participants into two 

groups; one group with individuals that slept less than 5 hours, and one group with individuals 

that slept more than 8 hours. People that slept between 5 and 8 hours were excluded from the 

data. As can be seen from the figure there is still a small difference. The interaction between 

region and the grouping into less than 5 hours of sleep and more than 8 hours of sleep is not 

significant (F(2.116) = 1.514; p= .224). 
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Figure 6: Boxplots for the EEG-alpha power in the frontal, parietal and occipital regions, separately for participants 

who slept 5 hours or less in the night previous the recordings, and participants who slept 8 hours or more, and for 

negative, neutral and positive valence. 

 

 

4. DISCUSSION 

 

This study did not find a significant effect of sleep on EEG alpha power, but there was a 

significant effect for emotions on EEG alpha power. Insomnia did not have a significant effect 

on EEG alpha power either. Our results did not support the hypothesis that the hours of sleep in 

the night before the experiment would affect reactivity of EEG alpha power to emotional 

pictures. 

 

4.1 Relation to prior research 

There is some clinical evidence (Yoo, Gujar, Hu, Jolesz and Walker, 2007) that psychiatric along 

with neurological disorders have sleep disruption as a side effect. These findings showed that 

 5 HOURS VS. 8 HOURS 
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when negative stimuli were presented, the amygdala showed an amplified hyper-limbic response. 

Alfarra, Fins, Chayo and Tartar (2015) found in their research that only one night of sleep 

deprivation affected emotional processing. Event related potential (ERP) responses showed 

significantly larger late positive potential (LPP) in both positive and negative stimuli compared 

to neutral stimuli. However, the LPP did not distinguish between the positive and negative 

stimuli after sleep deprivation, rather the LPP was driven by the neutral stimuli. A possible 

explanation for these findings is the idea that people who are sleep deprived have more 

difficulties in switching their emotions between stimuli. In our research we did not find a 

significant interaction between brain response to emotional stimuli and sleep deprivation. 

 Cote, Mondloch, Sergeeva, Taylor and Semplonius (2014) conducted a study where 

participants, sleep deprived for one night, were asked to categorize faces in what emotional state 

they thought they were in, i.e. whether they were happy, sad, angry or fearful. They hypothesized 

that sleep deprivation would lead to increased reactivity, especially for negative expressions, and 

their data did show that it did have an impact on the processing of the photos. The sleep deprived 

group made more errors and had longer response time than the other group. In view of our 

findings, it would have been interesting to see whether those who slept less would have been 

making more errors and/or whether it would take them longer to select the seasons. Zhang, Lau 

and Hsiao (2018) studied whether sleep deprivation affected emotion. Reappraisal and 

distraction were shown in the behavioral ratings but not suppression. The behavioral ratings did 

also not show any effect of sleep deprivation on emotion regulation. The authors suggested that 

objective measures could be more reliable than subjective measures in reflecting the 

effectiveness of emotion regulation strategies. Also, sleep deprivation may have different effects 

on good sleepers and poor sleepers.  

 

4.2 Limitations 

The main limitation of this research is that it only measured hours of sleep for one night, but if 

more nights had been measured, possibly with less sleep, the results could have been different. 

People may not feel any difference if they experience sleep loss in one night but could begin 

experiencing some effects if they are sleep deprived for a couple of nights in a row. Moreover, 

the hours of sleep were subjectively reported, while objective measures such as 

polysomnography are more reliable. It's important to note that the research was done in 
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summertime in Iceland, and therefore it was mostly sunny during the nights, which also could 

affect the sleep of the participants. The amounts of hours that are needed for sleep can differ 

among people; though the recommended amount is at least 7 hours (Watson et al., 2015; 

Björnsson, 2009), some people might need less sleep and some more. Also, the two groups could 

be too similar in terms of hours of sleep. A further methodological limitation is that we examined 

only alpha power. It is possible that the other correlates of brain activity could have been more 

conclusive. 

 

4.3 Conclusions 

It was expected that people who slept up to 6 hours would have a different pattern of EEG-alpha 

power reactivity in emotional processing compared to people who slept at least 7 hours. A 

thorough statistical analysis was performed to assess this hypothesis, and it showed that there 

was no evidence that people who slept up to 6 hours showed any different emotional response 

than people who slept at least 7 hours. There was evidence, though, that valence and region 

interacted with each other.  

We conclude that when we divide participants into those with up to 6 hours of sleep and 

those with 7 hours or more of sleep in the night before the experiment, this does not change the 

pattern of EEG-alpha band reactivity to emotional pictures. It varies between people how much 

sleep individuals need in order to demonstrate full emotional functioning. The guidelines that 

were used in this research (Watson et al., 2015), 7 hours or more sleep as sufficient and less than 

6 hours as not sufficient, are not necessarily correct for every individual, as the duration of 

needed sleep varies between individuals. It should be considered for future research on the 

matter to include a detailed questionnaire regarding previous sleeping patterns, i.e. amount of 

sleep for the past seven days.  This research could possibly spark new studies on this matter, 

perhaps on how the sleeping patterns of residents in countries where the amount of daylight is 

limited in parts of the year affects their emotional status. 

In order to feel fully emotionally stable, people should find the number of hours of sleep 

that they feel are best for their emotional processing.  
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