
Accepted manuscripts are peer-reviewed but have not been through the copyediting, formatting, or proofreading
process.

Copyright © 2019 the authors

This Accepted Manuscript has not been copyedited and formatted. The final version may differ from this version.

Research Articles: Behavioral/Cognitive

EEG Frontal Alpha Asymmetry and Dream Affect: Alpha Oscillations Over
the Right Frontal Cortex During REM Sleep and Pre-Sleep Wakefulness
Predict Anger in REM Sleep Dreams

Pilleriin Sikka1,2, Antti Revonsuo1,2, Valdas Noreika3 and Katja Valli1,2

1Department of Psychology and Turku Brain and Mind Center, University of Turku, 20014 Turku, Finland
2Department of Cognitive Neuroscience and Philosophy, University of Skövde, 54 128 Skövde, Sweden
3Department of Psychology, University of Cambridge, CB2 3EB Cambridge, United Kingdom

https://doi.org/10.1523/JNEUROSCI.2884-18.2019

Received: 21 November 2018

Revised: 12 March 2019

Accepted: 16 March 2019

Published: 15 April 2019

Author contributions: P.S., A.R., V.N., and K.V. designed research; P.S. and K.V. performed research; P.S.
and V.N. analyzed data; P.S. wrote the first draft of the paper; P.S. wrote the paper; A.R., V.N., and K.V. edited
the paper.

Conflict of Interest: The authors declare no competing financial interests.

This research was supported by the Academy of Finland (grant number 8124623 to AR), Finnish Cultural
Foundation (to PS), Turku University Foundation (to PS), and by a research grant from the International
Association for the Study of Dreams and Dream Science Foundation (to PS, AR, VN, and KV). The authors
thank Tor Lehtonen, Teemu Paldanius, Lotta Sundelin, and Tiina Virta for assistance in data collection, and Dr.
Kaili Clackson for comments and suggestions on the manuscript.

Correspondence concerning this article should be addressed to: Pilleriin Sikka, Department of Cognitive
Neuroscience and Philosophy, University of Skövde, 54 128, Sweden, tel: +46500448839, e-mail:
pilleriin.sikka@his.se; pilsik@utu.fi

Cite as: J. Neurosci 2019; 10.1523/JNEUROSCI.2884-18.2019

Alerts: Sign up at www.jneurosci.org/alerts to receive customized email alerts when the fully formatted version
of this article is published.



1 
 

 1 

EEG Frontal Alpha Asymmetry and Dream Affect:  1 

Alpha Oscillations Over the Right Frontal Cortex During REM Sleep and Pre-Sleep 2 

Wakefulness Predict Anger in REM Sleep Dreams 3 

 4 

Abbreviated title: EEG Frontal Alpha Asymmetry and Dream Affect 5 

Pilleriin Sikka1,2*, Antti Revonsuo1,2, Valdas Noreika3†, Katja Valli1,2† 6 
1Department of Psychology and Turku Brain and Mind Center, University of Turku, 20014 7 

Turku, Finland 8 
2Department of Cognitive Neuroscience and Philosophy, University of Skövde, 54 128 9 

Skövde, Sweden 10 
3Department of Psychology, University of Cambridge, CB2 3EB Cambridge, United 11 

Kingdom 12 
†Shared last authorship 13 

 14 

*Correspondence concerning this article should be addressed to: 15 

Pilleriin Sikka, Department of Cognitive Neuroscience and Philosophy, University of 16 

Skövde, 54 128, Sweden, tel: +46500448839, e-mail: pilleriin.sikka@his.se; pilsik@utu.fi 17 

 18 

Number of pages: 38 19 

Number of figures: 2, tables: 2, multimedia: 0, and 3D models: 0 20 

Number of words for Abstract: 248, Significance Statement: 119, Introduction: 1058, and 21 

Discussion: 1918 22 

 23 

Author Contributions: P.S., A.R., V.N, and K.V. conceptualized and designed the study; 24 

P.S. and K.V. collected the data; P.S. and V.N. analyzed the data; P.S. wrote the paper; A.R., 25 

V.N, and K.V. edited the paper. 26 

Conflict of Interest: The authors declare no competing interests. 27 

Acknowledgements: This research was supported by the Academy of Finland (grant number 28 

8124623 to AR), Finnish Cultural Foundation (to PS), Turku University Foundation (to PS), 29 

and by a research grant from the International Association for the Study of Dreams and 30 

Dream Science Foundation (to PS, AR, VN, and KV). The authors thank Tor Lehtonen, 31 

Teemu Paldanius, Lotta Sundelin, and Tiina Virta for assistance in data collection, and Dr. 32 

Kaili Clackson for comments and suggestions on the manuscript.   33 



2 
 

 2 

Abstract 34 

Affective experiences are central not only to our waking life but also to rapid eye movement 35 

(REM) sleep dreams. Despite our increasing understanding of the neural correlates of 36 

dreaming, we know little about the neural correlates of dream affect. Frontal alpha 37 

asymmetry (FAA) is considered a marker of affective states and traits as well as affect 38 

regulation in the waking state. Here, we explored whether FAA during REM sleep and during 39 

evening resting wakefulness is related to affective experiences in REM sleep dreams. 40 

Electroencephalography (EEG) recordings were obtained from seventeen human participants 41 

(7 men) who spent two nights in the sleep laboratory. Participants were awakened five 42 

minutes after the onset of every REM stage after which they provided a dream report and 43 

rated their dream affect. Two-minute pre-awakening EEG segments were analyzed. 44 

Additionally, eight minutes of evening pre-sleep and morning post-sleep EEG were recorded 45 

during resting wakefulness. Mean spectral power in the alpha band (8-13 Hz) and 46 

corresponding FAA were calculated over the frontal (F4-F3) sites. Results showed that FAA 47 

during REM sleep, and during evening resting wakefulness, predicted ratings of dream 48 

Anger. This suggests that individuals with greater alpha power in the right frontal hemisphere 49 

may be less able to regulate (i.e., inhibit) strong affective states, such as Anger, in dreams. 50 

Additionally, FAA was positively correlated across wakefulness and REM sleep. Together, 51 

these findings imply that FAA may serve as a neural correlate of affect regulation not only in 52 

the waking but also in the dreaming state.  53 

  54 



3 
 

 3 

Significance Statement 55 

We experience emotions not only during wakefulness but also during dreaming. Despite our 56 

increasing understanding of the neural correlates of dreaming, we know little about the neural 57 

correlates of dream emotions. Here we used electroencephalography to explore how frontal 58 

alpha asymmetry (FAA)—the relative difference in alpha power between the right and left 59 

frontal cortical areas that is associated with emotional processing and emotion regulation in 60 

wakefulness—is related to dream emotions. We show that individuals with greater FAA (i.e., 61 

greater right-sided alpha power) during rapid eye movement (REM) sleep, and during 62 

evening wakefulness, experience more anger in dreams. FAA may thus reflect the ability to 63 

regulate emotions not only in the waking but also in the dreaming state.  64 

  65 
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Introduction 66 

We experience affect (i.e., emotions and mood) not only during wakefulness but also 67 

during sleep, especially during rapid eye movement (REM) sleep dreaming (Hobson et al., 68 

2000; Desseilles et al., 2011). While considerable effort has been devoted to understanding 69 

the neural basis of dreaming (for a review, see Cipolli et al., 2017), little is known about the 70 

neural processes underlying dream affect.  71 

Dreaming refers to the presence of subjective experiences during sleep and is often 72 

understood as a simulation of waking life (e.g., Foulkes, 1985; Nielsen, 2010; Hobson and 73 

Friston, 2012; Windt, 2015; Revonsuo et al., 2016; Domhoff, 2018). In fact, the 74 

phenomenology and the underlying neural processes of dream experiences are argued to 75 

overlap with those of waking experiences (De Gennaro et al., 2012; Fox et al., 2013; 76 

Wamsley, 2013; Domhoff and Fox, 2015). Studies show that the neural correlates of the 77 

specific contents of subjective experience, such as thinking, perceiving, moving, and 78 

speaking, are similar in waking and dreaming (Dresler et al., 2011; Horikawa et al., 2013; 79 

Perogamvros et al., 2017; Siclari et al., 2017). Therefore, dream affect can also be expected 80 

to share neural mechanisms with those of waking affect. Indeed, there is ample evidence for 81 

the involvement of affective brain regions during REM sleep (Maquet et al., 1996; Nofzinger 82 

et al., 1997; Braun et al., 1998). However, the measurement of brain activity alone is not 83 

sufficient to understand the conscious subjective experience an individual is having. If we 84 

want to know what people are experiencing, we have to ask them. The study of dreaming is 85 

challenging because people cannot report their dream experiences as they are happening but 86 

only as they are recalled upon awakening. Studies linking the affective content of dream 87 

reports to structural brain differences have yielded inconclusive results (De Gennaro et al., 88 

2011; Blake et al., 2019). Surprisingly, hardly any studies have related affective dream 89 

experiences—recalled and reported upon awakening—to the neural processes of pre-90 
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awakening sleep (assumed to occur at the time of having those experiences) (Nielsen and 91 

Chénier, 1999; Daoust et al., 2008; Sterpenich et al., 2019). Thus, it is unclear whether and to 92 

what extent the neural processes underlying affective experiences are shared across 93 

wakefulness and dreaming.  94 

Electroencephalographic (EEG) frontal alpha asymmetry (FAA) is considered a 95 

marker of affective states and traits as well as of affect regulation in the waking state (for a 96 

review, see Reznik and Allen, 2018). FAA refers to the difference in alpha power (8-13 Hz) 97 

between the right and left hemisphere over the frontal cortical regions (typically between 98 

EEG electrodes F4-F3). Because alpha oscillations have been suggested to reflect inhibition 99 

of cortical activity (Klimesch et al., 2007; Jensen and Mazaheri, 2010; Klimesch, 2012) and 100 

due to the contralateral inhibitory connections between the hemispheres (Schutter and 101 

Harmon-Jones, 2013; Grimshaw and Carmel, 2014), higher FAA scores (i.e., relatively more 102 

alpha in the right hemisphere) are assumed to reflect either reduced right or enhanced left 103 

frontal activity. Originally, FAA was presumed to reflect affective valence: positive affect 104 

related to greater relative left, and negative affect to greater relative right, frontal activity 105 

(e.g., Davidson et al., 1979; Tomarken et al., 1992). Many studies have challenged this by 106 

showing that both trait and state Anger are associated with greater left (or reduced right) 107 

frontal activity (Harmon-Jones and Gable 2018). As a result, FAA is assumed to reflect 108 

motivational direction: approach-related affective states and traits (e.g., Elation, Anger) 109 

related to greater left, and withdrawal-related affective states and traits (e.g., Fear, Anxiety) 110 

to greater right, frontal activity (e.g., Davidson, 1998; Reznik and Allen, 2018). However, 111 

due to inconsistent results regarding the relationship between right frontal activity and 112 

withdrawal-related affect, it was recently proposed that FAA reflects supervisory control: 113 

greater right frontal activity is assumed to be related to enhanced inhibitory control in general 114 

and of affective states in particular (Gable et al., 2015, 2018). Indeed, it has been shown that 115 



6 
 

 6 

expressing Anger is related to relatively greater left, whereas controlling Anger is related to 116 

relatively greater right, frontal activity (Hewig et al., 2004). The role of the right prefrontal 117 

cortex (PFC) in affect regulation is further supported by lesion (e.g., Salas et al., 2016) and 118 

neuroimaging (for a review, see Ochsner et al., 2012) studies.  119 

Although the relationship between FAA and affect in the waking state is well 120 

documented, to the best of our knowledge, only one study has been published on the 121 

relationship between REM sleep FAA and dream affect (Daoust et al., 2008). However, in 122 

this study all affective dream experiences (irrespective of valence and motivational direction) 123 

and participants (healthy and those with Autistic Spectrum Disorders) were pooled together, 124 

and only one dream report per participant analyzed, which may explain the null results 125 

obtained. 126 

Therefore, our first aim was to investigate the relationship between REM sleep FAA 127 

and dream affect.  In our previous study (Sikka et al., 2014) we found that in laboratory REM 128 

sleep dreams participants rated Interest and Anger as the most frequently and intensely 129 

experienced positive and negative affect, respectively. We focused specifically on these 130 

discrete affective states because they can be clearly categorized as high-approach positive 131 

affect and high-approach negative affect, respectively. Moreover, inclusion of these two 132 

affective states provides a concurrent test of the three theoretical accounts of the purported 133 

role of FAA in affective processing. According to the affective valence account (e.g., 134 

Tomarken et al., 1992; Harmon-Jones and Gable, 2018), Interest should be positively, and 135 

Anger negatively, associated with FAA. According to the motivational direction account 136 

(e.g., Davidson, 1998; Harmon-Jones and Gable, 2018), both Interest and Anger should be 137 

positively related to FAA. According to the supervisory control proposition (Gable et al., 138 

2015, 2018), Anger should be positively and more strongly related to FAA than Interest. 139 

Additionally, there is evidence that FAA predicts affective responding in the waking state 140 
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(Coan and Allen, 2003) and is stable across waking and REM sleep (Benca et al., 1999; 141 

Schmidt et al., 2003), which indicates that FAA is not only a state- but also a trait-like marker 142 

of affective processing. Therefore, our second aim was to investigate whether waking FAA in 143 

the evening predicts affective experiences, specifically Interest and Anger, in REM sleep 144 

dreams. As such, this study helps clarify not only the neural correlates of affect during REM 145 

sleep dreaming, but also the extent to which these neural substrates are continuous with pre-146 

sleep wakefulness. 147 

Materials and Methods 148 

Participants 149 

Data were collected within the framework of a larger study (Sikka et al., 2014). 150 

Altogether, 159 persons volunteered for the study (via advertisements posted in student 151 

mailing lists) and were prescreened using a background questionnaire. Participants fulfilling 152 

the following criteria were selected: healthy, not using medication, right-handed, native 153 

Finnish speakers, good sleep quality (score ≤ 5 on the Pittsburgh Sleep Quality Index; Buysse 154 

et al., 1989). Because the present study focused on the relationship between (REM sleep and 155 

evening waking) FAA and affect experienced during REM sleep dreams (i.e., state affect), 156 

participants were not screened for trait affect. The selected 53 participants were asked to keep 157 

a 7-day home dream diary to measure spontaneous dream recall frequency. Twenty-two 158 

individuals returned the diary. Based on the number and word count of dream reports in the 159 

diary, participants were divided into two dream recall groups—high and low recallers. After 160 

having excluded one participant, high- and low-recall groups did not differ in their waking 161 

memory abilities, as measured with a range of memory tests (see Sikka et al., 2014 for 162 

details). However, all participants turned out to be good recallers in the laboratory setting (see 163 

Sikka et al., 2014 for results) and the two groups did not differ in any of the affect ratings nor 164 

other variables included in this study (p > .05). Of the 21 participants who were invited, 19 165 
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accepted to sleep in the sleep laboratory. Due to technical problems, the data of two 166 

participants were excluded. As a result, the final sample consisted of 17 participants (7 men, 167 

age 25.76 ± 4.93 years).  168 

Experimental Design and Procedure  169 

Participants spent two nights (separated by a week) in the sleep laboratory. A 170 

summary of the experimental procedure is displayed in Figure 1. In the evening, participants 171 

arrived in the sleep laboratory two hours before their usual bedtime. After instructing the 172 

participants about the procedure of the study, EEG electrodes were attached to the scalp and 173 

the waking state resting (evening baseline) EEG was recorded for eight 1-minute periods, 174 

four minutes with eyes open (EO), and four minutes with eyes closed (EC) (order 175 

counterbalanced within and between participants). Baseline recordings were obtained in-176 

between 10:30-12:00 p.m. while participants were lying in bed in the laboratory bedroom. 177 

Instructions to participants were given via intercom from an adjacent room. After the 8-178 

minute waking baseline EEG recording, participants rated their current waking affective state 179 

using the Finnish version of the modified Differential Emotions Scale (fmDES; see 180 

Measures).  181 

---------- Insert Figure 1 here ---------- 182 

Participants were then allowed to fall asleep. Sleep stages were scored visually 183 

(Rechtschaffen and Kales, 1968; Iber et al., 2007). Every time REM sleep had lasted 184 

continuously for 5 minutes, and was in a phasic stage, a tone signal was used to awaken the 185 

participants. Upon awakening, participants provided an oral dream report according to the 186 

instructions they had received in the evening: they were first asked to report the last image 187 

they had in mind just before awakening, followed by a detailed report of the whole dream. 188 

Next, participants rated their affective experiences in the preceding dream by filling in the 189 

fmDES electronically using a mouse and a computer screen above the bed. In case 190 
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participants reported no dream recall, fmDES was not filled in. Participants were then 191 

allowed to continue their sleep. This procedure was repeated throughout the night until the 192 

final morning awakening (scheduled between 5:30-8:30 a.m. in agreement with the 193 

participant). Upon final awakening, and after having reported and rated the last dream, 194 

participants were asked to lie in bed but stay awake. Similarly to the evening, waking state 195 

resting (morning baseline) EEG was then recorded for eight minutes, followed by 196 

participants’ ratings of their current waking state affect using the fmDES. Altogether, 126 197 

awakenings (M = 7.41, SD = 3.02) and 115 (M = 6.76, SD = 3.05) dream reports were 198 

obtained across the two nights. During the first night, one participant had only a single 199 

awakening that resulted in no dream recall. Thus, data regarding REM sleep and dream affect 200 

derived from 16 participants in the first night, and from 17 participants in the second night. 201 

Signed informed consent was obtained from all participants. The study was carried 202 

out in accordance with the Declaration of Helsinki and was approved by the Ethical Board of 203 

the University of Turku, Finland. Upon completion of the study participants received 100 204 

euros as compensation for their time. 205 

Measures 206 

Participants rated their waking and dream affect using the fmDES (Fredrickson, 207 

2013). The scale consists of 20 items: 10 items for positive affect and 10 items for negative 208 

affect (with each item containing three adjectives). Each item was rated on a scale from 0 (“I 209 

did not experience any of these feelings at all”) to 4 (“I experienced one or more of these 210 

feelings extremely much”). The current study focused on the most intensely and frequently 211 

experienced positive affect (Interested/Alert/Curious) and negative affect 212 

(Angry/Irritated/Annoyed) in dreams. The other 18 items (see Table 2) were included in the 213 

exploratory analyses. For each participant the mean dream affect rating was calculated across 214 
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the different REM sleep episodes (and related dreams) for each laboratory night and for each 215 

item separately. 216 

For exploratory analyses of externally rated dream Anger, all oral dream reports (N = 217 

115) were transcribed and content analyzed by two judges using the fmDES. The judges 218 

identified every time an affect was expressed in the dream report or could be unambiguously 219 

inferred from the behavior of the dream self. Then the judges categorized each occurrence of 220 

affect into one of the 20 fmDES categories. The inter-rater reliability for the categorization of 221 

affect was strong (Cohen’s κ = .84) (for more details, see Sikka et al., 2014). 222 

EEG Recording, Preprocessing and Analysis 223 

24 single Ag/AgCI electrodes (Fp1/2, AF3/4, AF7/8, F7/8, F3/4, Fz, T7/8, C3/4, Cz, 224 

P7/8, P3/4, Pz, O1/2, Oz) were placed on the participants’ scalp according to the standard 10-225 

10 system. Four electrodes were used to record electrooculography (EOG; two electrodes 226 

placed at the left and right outer canthi; one electrode superior and another inferior to the 227 

right eye), and two electrodes were used to record electromyography (EMG; placed on the 228 

chin). All electrodes, except the bipolar EOG and EMG electrodes, were referenced to the 229 

right mastoid. The ground electrode was placed on the forehead. The EEG signal was 230 

amplified (SynAmps Model 5083), notch-filtered at 50 Hz, digitized at 500 Hz, and recorded 231 

with Neuroscan equipment and software. All impedances were kept below 5 kΩ. 232 

Two minutes of pre-awakening EEG that preceded a dream report were extracted from each 233 

REM episode. These REM sleep EEG segments as well as the evening and morning 8-minute 234 

baseline EEG segments from the two laboratory nights were processed offline using 235 

MATLAB (The MathWorks, Inc., Natick, MA) and the EEGLAB toolbox version 14.1.1 236 

(Delorme and Makeig, 2004).  237 

EEG data were preprocessed according to the guidelines of Smith et al. (2017) using 238 

custom-made scripts. First, the extracted EEG segments were visually inspected and all non-239 
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biological signals (except ocular and myogenic artifacts) rejected. EEG data was bandpass 240 

filtered using 0.5 Hz and 45 Hz cut-off values (FIR filters using the pop_eegfiltnew function; 241 

Delorme and Makeig, 2004). EOG and EMG as well as bad channels (marked by visual 242 

inspection) were removed. From the evening and morning baseline EEG 4x1 minute EO and 243 

4x1 minute EC conditions were extracted and processed separately. The continuous EEG 244 

signal was then segmented into 2-second epochs with 50% overlap (Hamming window) and 245 

noisy epochs removed. Data was re-referenced to an average reference and baseline 246 

corrected. Independent Component Analysis (ICA) was computed and a semi-automatic 247 

procedure was used to remove artifactual components: the Multiple Artifact Rejection 248 

Algorithm (MARA; Winkler et al., 2011) extension of EEGLAB was used to highlight 249 

artifactual components and those containing ocular and myogenic artifacts (confirmed by 250 

visual inspection) were removed. Artifactual components were then subtracted from the data. 251 

Previously removed channels were interpolated. Artifact-free epochs were transformed into 252 

current source density (CSD) estimates (μV/cm2 units; 10 cm head radius; m = 4; λ = 10-5, 50 253 

iterations) using a spherical spline surface Laplacian transformation (Perrin et al., 1989) in 254 

the CSD toolbox (Kayser and Tenke, 2006a, 2006b). CSD is recommended because it is 255 

independent of the reference used, reduces volume conduction from distal sites, enhances 256 

spatial resolution of the EEG signal and is also appropriate with low-density EEG montages 257 

(Kayser and Tenke, 2015; Smith et al., 2017). Then, a Fast Fourier transform (using the 258 

MATLAB fft function) was applied to each artifact-free epoch to obtain the mean spectral 259 

power in the alpha frequency band (8 – 13 Hz) for each electrode. An average of 114.45 260 

artifact-free REM sleep epochs and 216.74 (EC = 216.00; EO = 217.47) artifact-free resting 261 

wakefulness epochs were analyzed for each participant. 262 

Statistical Analyses 263 
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Statistical analyses were conducted with R (Version 3.4.1 R Development Core Team, 264 

2017) and IBM SPSS Statistics (Version 20). Alpha power spectra were averaged for each 265 

participant and for each condition (evening baseline EO, evening baseline EC, morning 266 

baseline EO, morning baseline EC, REM sleep) for the two laboratory nights separately. 267 

Alpha power at each electrode was natural log transformed to normalize the data. FAA score 268 

was then calculated by subtracting log-transformed alpha power of the left hemisphere 269 

electrode from that of the homologous right hemisphere electrode (i.e., ln[F4]-ln[F3]). 270 

Positive values reflect relatively more alpha power in the right hemisphere (i.e., lower right-271 

sided or greater left-sided frontal activity). The main analyses focused on the canonical pair 272 

of F4-F3 electrodes. However, to control for the spatial specificity of the observed effects, 273 

FAA was also calculated for all the other homologous pairs (i.e., ln[Fp2]-ln[Fp1], ln[AF8]-274 

ln[AF7], ln[AF4]-ln[AF3], ln[F8]-ln[F7], ln[T8]-ln[T7], ln[C4]-ln[C3], ln[P8]-ln[P7], ln[P4]-275 

ln[P3], ln[O2]-ln[O1]). 276 

Differences in the obtained FAA scores between the resting wakefulness EO and EC 277 

conditions and between the two laboratory nights were analyzed using paired samples t-test 278 

(in case of normal distribution) or Wilcoxon signed-rank test (in case of non-normal 279 

distribution). The Shapiro-Wilk test (Shapiro and Wilk, 1965) was used to test the normality 280 

assumption. Because the FAA scores of the baseline EO and EC conditions did not differ 281 

from each other (ps > .05), these were aggregated to form one evening (EOEC) and one 282 

morning (EOEC) baseline score for each laboratory night. There were no significant 283 

differences between the two nights in the evening baseline (paired samples t(16)=-0.264, p = 284 

.796, N = 17), morning baseline (paired samples t(16) = 0.826, p = .421, N = 17) and REM 285 

sleep FAA scores (paired samples t(15) = 0.870, p = .398, N = 16). There were also no 286 

differences between the two nights in the ratings of dream Anger (paired samples t(15) = 287 

1.404, p = .181, N = 16) and dream Interest (paired samples t(15) = 0.193, p = .850, N = 16), 288 
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nor in the ratings of evening Anger (Wilcoxon Z = -0.632, exact p = .766, N = 17), evening 289 

Interest (Wilcoxon Z = -0.676, exact p = .640, N = 17), morning Anger (Wilcoxon Z = -1.342, 290 

p = .375, N = 17), and morning Interest (Wilcoxon Z = -0.061, p = 1.000, N = 17). Therefore, 291 

the FAA and dream affect scores from the two nights were pooled together. Also, there were 292 

no differences between males and females in Anger or Interest ratings or in FAA scores in 293 

any of the conditions (using independent samples t-tests or Mann-Whitney U tests; ps > .05). 294 

As such, the analyses and results reported below are based on the pooled (average of two 295 

nights) scores including both genders. 296 

To ease reading, the specific methods used for statistical analyses are reported below 297 

in conjunction with respective results. Parametric tests (ANOVA, paired samples t-test, 298 

simple and multiple linear regression, correlation and partial correlation) were used when the 299 

scores followed a normal distribution, whereas for non-normal distribution of scores non-300 

parametric tests (Wilcoxon signed-rank test, Spearman rank correlation and non-parametric 301 

partial correlation) were employed. In all the analyses we considered p-values less than 0.05 302 

as statistically significant. Where appropriate, we report effect sizes in the form of r values 303 

(r=Z/√N; Wilcoxon signed-rank test), Cohen’s d (paired-samples t-test), or partial eta squared 304 

(ηp²; ANOVA). All statistical tests were two-tailed and for non-parametric tests exact tests 305 

were conducted. The number of participants in all the analyses reported below was 17. 306 

Results 307 

Anger and Interest Across Wakefulness and REM Sleep Dreams 308 

Anger was experienced in 41% of dreams, Interest in 88% of dreams. Participants 309 

experienced more Anger in dreams than during the evening (Wilcoxon Z = -2.354, exact p = 310 

.016, r = .40) or morning (Wilcoxon Z = -3.125, exact p = .001, r = .54) wakefulness, 311 

whereas the evening and morning Anger ratings did not differ (Wilcoxon Z = -1.134, exact p 312 
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= .500, r = .19) (see Table 1 and Figure 2A). Anger ratings across the three conditions were 313 

not correlated (ps > .05).  314 

Participants experienced more Interest in dreams (Wilcoxon Z = -2.897, exact p = 315 

.002, r = .49) and during the evening wakefulness (Wilcoxon Z = -2.360, exact p = .022, r = 316 

.41), as compared to morning wakefulness. There were no differences in the ratings of 317 

Interest between the evening wakefulness and dreams (paired samples t(16)=-1.534, p = .145, 318 

d = 0.38). Ratings of Interest were correlated between the evening and morning wakefulness 319 

(rs = .732, p = .001) but not between dream and wakefulness conditions (ps > .05).  320 

Thus, participants experienced more intense affective states during dreaming than 321 

during pre-sleep or post-sleep resting wakefulness. 322 

Frontal Alpha Asymmetry Across Wakefulness and REM Sleep 323 

A one-way repeated measures ANOVA (within-subject factor: condition) showed that 324 

the mean FAA score differed between the three conditions (F(2, 32) = 3.371, p = .047, ηp² = 325 

.174). Post hoc least significance difference (LSD) tests revealed that whereas the morning 326 

FAA score was significantly more negative than the evening FAA score (p = .025), REM 327 

sleep FAA score did not differ from the evening (p = .507) or morning (p = .102) FAA scores 328 

(see Table 1).  FAA scores were positively correlated across all the conditions—between 329 

evening and REM sleep (r = .701, p = .002; REM sleep and morning (r = .637, p = .006) and 330 

evening and morning (r = .720, p = .001)—indicating a strong association of FAA scores 331 

across the behavioral states. 332 

---------- Insert Table 1 here ---------- 333 

Relationship Between Dream Anger, Dream Interest, and REM Sleep Frontal Alpha 334 

Asymmetry 335 

To investigate the relationship between REM sleep FAA and dream affect, separate 336 

linear regression analyses were performed in which dream Anger and dream Interest were 337 
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regressed on the FAA score. Results showed that REM sleep FAA was a significant predictor 338 

of Anger in dreams (R2 = .435, B = 0.993, 95% CI [0.370, 1.616], SE = 0.292, t = 3.398, p = 339 

.004) (see Figure 2B).  340 

To assess the spatial specificity of the observed effect, a multiple linear regression 341 

analysis was conducted in which the whole-head alpha power (average of all electrodes) was 342 

entered together with the natural log-transformed alpha power of F3 and F4 electrodes (as 343 

suggested in Allen et al., 2004). This controls for the overall alpha power in predicting Anger 344 

in dreams. Results showed that the overall model was significant (R2 = .604, F(3,13) = 6.606, 345 

p = .006). However, only the right frontal region (F4) was a significant predictor of dream 346 

Anger (B = 0.960, 95% CI [0.391, 1.529], SE = 0.263, t = 3.646, p = .003). The left frontal 347 

region (F3) (B = -0.551, 95% CI [-1.332, 0.229], SE = 0.361, t = -1.526, p = .151) and the 348 

average whole-head alpha power (B = -284.744, 95% CI [-1739.107, 1169.619], SE = 349 

673.201, t = -0.423, p = .679) were not significant. This indicates that the relationship 350 

between REM sleep FAA and dream Anger was driven by higher alpha power in the right 351 

frontal region.  352 

To control for the cerebral specificity of the observed relationship, we repeated the 353 

analyses using the removed ICA components reflecting ocular and myogenic artifacts. 354 

Results showed that there were no significant relationships (R2 = .002, B = 0.048, 95% CI [-355 

0.571, 0.667], SE = 0.290, t = 0.166, p = .871) between ratings of dream Anger and FAA 356 

calculated using these artifactual components. This provides support to the cerebral (rather 357 

than ocular or myogenic) origin of the findings.  358 

To explore whether the relationship between asymmetric cortical activity during REM 359 

sleep and dream Anger was specific to the mid-frontal region, we performed exploratory 360 

correlation analyses for dream Anger and all the different hemispheric asymmetry scores 361 

(e.g., ln[F8]-ln[F7]). None of the other hemispheric asymmetry scores were significantly 362 
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related to dream Anger (ps > .05). Partial correlations between dream Anger and log-363 

transformed alpha power over individual electrode sites, while controlling for the average 364 

whole-head alpha power, showed that in addition to the significant correlation between dream 365 

Anger and alpha power over the right frontal electrode F4 (r = .691; p = .003), the only other 366 

significant correlation occurred between dream Anger and alpha power over the right 367 

temporal electrode T8 (r = -.528, p = .035) (see Figure 2C).    368 

We conducted additional exploratory analyses to investigate whether the relationship 369 

between right-sided frontal activity and dream Anger was specific to alpha band only. For 370 

this, we repeated the partial correlation analyses between dream Anger and log-transformed 371 

alpha power over the F4 electrode site in 1 Hz frequency bins from 1 to 45 Hz, while 372 

controlling for the average whole-head alpha power. Results showed that after controlling for 373 

multiple comparisons using the Benjamini-Hochberg False Discovery Rate (q < 0.05; 374 

Benjamini and Hochberg, 1995), only the frequency bins 7-8 Hz (r = .708, p = .002), 8-9 Hz 375 

(r = .721, p = .002), 9-10 Hz (r = .712, p = .002), and 10-11 Hz (r = .672, p = .004) over F4 376 

were significantly correlated with dream Anger (see Figure 2E). No significant correlations 377 

occurred between similar analyses involving F3 (ps > .05). Thus, the relationship between 378 

dream Anger and right-sided cortical activity was specific to lower alpha band (7-11 Hz) 379 

only. 380 

---------- Insert Figure 2 here ---------- 381 

Furthermore, we explored whether the results only apply to self-ratings of dream 382 

Anger (i.e., participants’ own ratings of Anger experienced in the preceding dream) or also to 383 

the so-called external ratings of dream Anger (i.e., Anger identified in the participants’ dream 384 

reports by external judges). Although Spearman correlation analyses showed no significant 385 

relationships between FAA and externally rated dream Anger (ps > .05), nonparametric 386 

partial correlation analyses between dream Anger and log-transformed alpha power over 387 
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individual electrode sites (while controlling for the average whole-head alpha power) 388 

revealed that Anger expressed in dream reports was significantly related to alpha power over 389 

F4 (r = .535, p = .033), but not F3 (r = .385, p = .141). This provides evidence that the 390 

relationship between right-sided frontal alpha and dream Anger is not dependent on the 391 

particular method used for rating dream affect. 392 

REM sleep FAA did not predict Interest in dreams (r = .444, R2 = .198, B = 0.995, SE 393 

= 0.518, 95% CI [-0.109, 2.099], t = 1.922, p = .074). 394 

We also performed exploratory analyses to investigate whether any of the other dream 395 

affect ratings were related to REM sleep FAA. Spearman correlation analysis showed that the 396 

only other item related to REM sleep FAA was Hate/Distrust/Suspicion (rs = .572, p = .016; 397 

see Table 2). As this item was strongly related to the item Angry/Annoyed/Frustrated (rs = 398 

.648, p = .005), it provides further support for the specific relationship between FAA and 399 

Anger in dreams. Originally, this item was not included in the analyses because of the 400 

adjectives Distrust/Suspicion which do not make it a pure Anger and high approach negative 401 

affect item.  402 

---------- Insert Table 2 here ---------- 403 

Relationship Between Dream Anger, Dream Interest, and Waking State Frontal Alpha 404 

Asymmetry 405 

To investigate the relationship between evening FAA and dream affect, dream Anger 406 

and Interest were regressed on the evening FAA score. Results showed that evening FAA 407 

score was a significant predictor of dream Anger (R2 = .411, B = 0.644, 95% CI [0.220, 408 

1.068], SE = 0.199, t = 3.236, p = .006) (see Figure 2D) but not of Interest in dreams (R2 = 409 

.016, B = 0.189, 95% CI [-0.626, 1.004], SE = 0.382, t = 0.495, p = .628).  410 

Since evening FAA and REM sleep FAA both predicted Anger in dreams, while also 411 

being strongly correlated with each other, we performed two sets of partial correlation 412 
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analyses to further explore the relationship between FAA and dream Anger. When 413 

controlling for evening FAA, the relationship between REM sleep FAA and dream Anger 414 

was no longer significant (r = .384, p = .142). The same was true for the relationship between 415 

evening FAA and dream Anger (r = .334, p = .206), when controlling for REM FAA. This 416 

shows that the relationship between dream Anger and FAA in one condition was fully 417 

accounted for by FAA in the other condition, that is, evening and REM sleep FAA 418 

overlapped.  419 

Ratings of dream Anger (R2 = .208, B = 0.508, 95% CI [-0.037, 1.053], SE = 0.256, t 420 

= 1.986, p = .066) and dream Interest (R2 = .047, B = 0.162, 95% CI [-0.241, 0.564], SE = 421 

0.189, t = 0.856, p = .406) did not predict morning FAA. 422 

Relationship Between Waking Frontal Alpha Asymmetry and Waking Affect 423 

Evening and morning waking baseline FAA scores were not correlated with waking 424 

affect (ps > .05), probably due to the low level of affect experienced in these states. 425 

Discussion 426 

We investigated whether affective dream experiences, specifically Anger and Interest 427 

in dreams, are related to FAA—hemispheric differences in alpha-band oscillations between 428 

the right and left frontal cortical regions. Results showed that FAA during REM sleep 429 

predicted ratings of dream Anger: participants with greater relative alpha power in the right 430 

(F4), as compared to left (F3), frontal region experienced more Anger in dreams. Because 431 

alpha power is taken to reflect reduced activity in underlying areas (Jensen and Mazaheri, 432 

2010; Klimesch, 2012; Klimesch et al., 2007), and because the relationship was found to be 433 

specifically driven by the right hemisphere, the results suggest that Anger is related to 434 

reduced activity in the right frontal region. This is further supported by the findings that the 435 

only other dream affect rating significantly correlated with REM sleep FAA was an item 436 

closely related to dream Anger—Hate/Distrust/Suspicion. Additionally, we found that FAA 437 
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recorded during evening resting wakefulness predicted Anger in dreams. These findings are 438 

in line with several studies conducted on FAA and Anger in the waking state (e.g., Harmon-439 

Jones and Sigelman, 2001; Jensen-Campbell et al., 2007; for a review, see Harmon-Jones and 440 

Gable, 2018).  441 

Moreover, these results were specific to frontal regions only (F4-F3). Although, in the 442 

present study the exact anatomical source for FAA remains unclear, previous studies 443 

conducted in the waking state have shown that FAA originates from the dorsolateral PFC 444 

(Ellis et al., 2017) and from the lateral and medial frontal gyri (Gable et al., 2015; Neal and 445 

Gable, 2016). This suggests that dream Anger is most likely related to reduced activity in the 446 

right lateral PFC (lPFC). REM sleep is typically associated with the deactivation of lPFC 447 

(Maquet et al., 1996; Braun et al., 1998), and given the importance of lPFC in functions 448 

related to cognitive control, this helps explain enhanced Anger in dreams. However, 449 

deactivation of lPFC is not an all-or-none phenomenon and there is also evidence for 450 

sustained (Vijayan et al., 2017) and even increased activation of lPFC in REM sleep, as 451 

compared to wakefulness (Nofzinger et al., 1997; Wehrle et al., 2007). In line with these 452 

findings, our study demonstrates that there are individual differences in the asymmetric 453 

activity of lPFC during REM sleep and this is differentially related to dream Anger.  454 

The finding that dream Anger (a high approach negative affect), but not dream 455 

Interest (a high approach positive affect), was related to FAA corroborates the theory that 456 

FAA reflects supervisory control (Gable et al., 2015, 2018), rather than affective valence or 457 

motivational direction. As such, individuals with reduced right PFC activity (as indicated by 458 

more alpha power) may be less able to regulate (i.e., inhibit) strong affective states, such as 459 

Anger, not only during wakefulness but also during dreaming. Because the regulation of 460 

negative affect is more resource consuming than the regulation of positive affect (Ochsner et 461 

al., 2004), individuals with reduced right PFC activity may have problems specifically with 462 
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regulating negative affective states. This is supported by studies showing that the down-463 

regulation (i.e., control) of negative affect, as compared to positive affect, uniquely involves 464 

right-lateralized PFC regions (Kim and Hamann, 2007).  465 

It is important to note that the right PFC is involved not only in the regulation of 466 

negative affect, but in inhibitory control in general (Bari and Robbins, 2013; Aron et al., 467 

2014; Depue et al., 2016). Numerous studies conducted in the waking state have 468 

demonstrated an association between greater FAA (i.e., relatively less right frontal activity) 469 

and states and traits related to disinhibition, such as aggression (Harmon-Jones and Allen, 470 

1998; Harmon-Jones and Sigelman, 2001), impulsivity (Gable et al., 2015; Neal and Gable, 471 

2017), sensation seeking (Santesso et al., 2008), (positive and negative) urgency (Neal and 472 

Gable, 2016), response inhibition (Ellis et al., 2017), and risk-taking behavior (Gianotti et al., 473 

2009). Moreover, studies using transcranial direct current stimulation (tDCS) and repetitive 474 

transcranial magnetic stimulation (rTMS) have shown that inhibition of the right, or 475 

stimulation of the left, lPFC leads to disinhibition (for a review, see Kelley et al., 2017). 476 

Therefore, it may well be that enhanced Anger in dreams reflects a more general aspect of 477 

disinhibition. At the same time, it may also be the case that other affective states in dreams 478 

(e.g., Fear) are also related to FAA but due to a very low incidence of these in the current 479 

dream sample, their statistical assessment was not robust. 480 

The finding that FAA was strongly correlated across wakefulness and REM sleep is in 481 

line with previous studies that have demonstrated the stability of FAA in wakefulness (Coan 482 

and Allen, 2003), and across wakefulness and different sleep stages (Benca et al., 1999; 483 

Schmidt et al., 2003). This result, together with the finding that pre-sleep waking FAA 484 

predicted dream Anger, indicates that FAA has trait-like properties. This is further supported 485 

by the overlap between the evening FAA and REM sleep FAA in their association with 486 

dream Anger. In fact, based on research in the waking state it has been suggested that 487 
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whereas about 40% of the variation in FAA reflects state-like influences, about 60% reflects 488 

trait-like influences (Hagemann et al., 2002). This may also be one possible explanation as to 489 

why we did not observe any relationships between waking resting FAA and waking affect 490 

ratings. It has been argued that trait-like individual differences in FAA may be most apparent 491 

in a situation that elicits affective states (Coan et al., 2006). Because in the current study 492 

participants’ ratings of waking affect were low, individual differences in FAA may have been 493 

reflected most clearly during states high in affectivity (i.e., during dreaming). Therefore, 494 

future studies should measure waking FAA during states of high affectivity (e.g., after 495 

experimental induction of affective states) and then compare the FAA-affect relationship 496 

obtained during wakefulness to that obtained during dreaming. The trait-like nature of FAA 497 

suggests that it may reflect a trait-like predisposition to experience certain affective states, 498 

such as Anger, not only during wakefulness but also during dreaming. To directly test this 499 

proposition, future research should include repeated measurements of FAA and affective 500 

experiences across different wakefulness periods and sleep stages (including non-REM 501 

sleep), and explore how trait affect (e.g., trait Anger) or trait affect regulation measures relate 502 

to FAA and affect experienced across those states. This will help clarify whether FAA can be 503 

considered as a marker of state- or trait-like affective processing across different states of 504 

consciousness (see also Scarpelli et al., 2015a, 2015b). 505 

Overall, our findings show that Anger in REM sleep dreams shares the same neural 506 

correlates as those observed in wakefulness and that these neural substrates are continuous 507 

with pre-sleep wakefulness. Together with other neural studies of dream content (Dresler et 508 

al., 2011; Horikawa et al., 2013; Perogamvros et al., 2017; Siclari et al., 2017), the 509 

converging evidence suggests highly overlapping neurobiological mechanisms of conscious 510 

subjective experience in the two major global states of consciousness—waking and 511 

dreaming—irrespective of the lack of responsiveness in the latter (see also De Gennaro et al., 512 
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2012; Fox et al., 2013; Wamsley, 2013; Domhoff and Fox, 2015). As such, these findings 513 

provide support for theories according to which dreaming is a realistic simulation of waking 514 

life (e.g., Foulkes, 1985; Hobson and Friston, 2012; Nielsen, 2010; Windt, 2015; Revonsuo et 515 

al., 2016; Domhoff, 2018). However, based on the present study it is not possible to say 516 

whether the particular neural activation accompanying dream Anger supports a certain 517 

function—such as to experience threatening situations or negative affective states in order to 518 

better deal with them in waking life (e.g., Revonsuo, 2000; Nielsen and Levin, 2007; 519 

Cartwright, 2010; Perogamvros and Schwartz, 2012;), to consolidate specific types of 520 

memories (Wamsley and Stickgold, 2011)—or whether it simply reflects the individual’s 521 

waking life experiences (Domhoff, 1996, 2017; Schredl, 2003).  522 

Future studies could probe the causal nature of the observed interaction by using 523 

various brain stimulation techniques, such as tDCS or rTMS. It would be interesting to 524 

explore whether the activation (vs inhibition) of the right lPFC during REM sleep and pre-525 

sleep wakefulness would lead to reduced (vs increased) Anger in dreams. This may have 526 

clinical implications because Anger is frequently experienced during nightmares and frequent 527 

nightmares are associated with several different mental (e.g., anxiety, depression) and sleep 528 

(e.g., insomnia) disorders (Levin and Nielsen, 2007; Nielsen and Levin, 2007; Skancke et al., 529 

2014). Moreover, the treatment of nightmares has been shown to improve symptoms of post-530 

traumatic stress disorder (PTSD; Spoormaker and Montgomery, 2008). Therefore, finding 531 

ways to modulate negative affective experiences may lead to novel interventions.  532 

Regarding possible limitations of the present study, it could be argued that because 533 

dream affect ratings were carried out in the waking state (i.e., upon awakening from the 534 

dream), these do not reflect affective experiences in dreams but during the time the reports 535 

were given. Perhaps individuals with higher FAA scores (i.e., more alpha power in the right 536 

frontal area) did not actually experience more Anger in dreams but were simply predisposed 537 
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to rate their dreams in a more negative manner. If so, such a bias should also apply to ratings 538 

of waking affect. However, given that the ratings of affect (especially Anger) were much 539 

lower during evening and morning wakefulness and the fact that the ratings of dream affect 540 

did not correlate with those given in the waking state, this explanation seems unlikely. 541 

Besides, additional analyses demonstrated that right-sided frontal alpha power was related not 542 

only to self-ratings of dream Anger (i.e., how participants themselves rated the Anger they 543 

experienced in the preceding dream) but also to external ratings of dream Anger (i.e., Anger 544 

expressed by participants in corresponding dream reports as identified by external raters). 545 

This is especially important in light of recent studies showing that the method used to rate 546 

dream affect (i.e., self- vs external ratings) can yield different results regarding dream 547 

affectivity (Schredl and Doll, 1998; Sikka et al., 2014, 2017). Thus, our results are not 548 

dependent on the particular dream affect rating method which provides further credence for 549 

our findings.  550 

Another limitation is that while dream affect ratings were preceded by a narrative 551 

report of dream experiences, no such tasks preceded waking affect ratings. It is possible that 552 

the act of reflecting on or reporting experiences prior to rating them may have influenced the 553 

ratings. Thus, future studies should also include narrative (i.e., mind-wandering) reports in 554 

the waking state.  555 

Additionally, because the current study was carried out in the laboratory environment, 556 

the findings may have been influenced by the experimental setting and procedure. For 557 

example, it has been shown that home dream reports contain more negative affect, especially 558 

Fear, than laboratory dream reports (Foulkes, 1979; Sikka et al., 2018). As such, it would be 559 

important to replicate the study in a more naturalistic home environment. Furthermore, given 560 

the selection criteria and the number of participants, it is important to replicate this study in 561 
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larger and more diverse samples, and to control for possible individual differences in the 562 

ability to identify and describe affective states (e.g., alexithymia). 563 

In conclusion, this is the first study on the relationship between discrete affective 564 

states in dreams and FAA. Results show that FAA during REM sleep as well as during 565 

evening wakefulness predicts Anger in dreams. These findings imply that affective 566 

experiences may rely on the same neural processes across wakefulness and REM sleep 567 

despite the different neurophysiological bases of these states. Specifically, the results suggest 568 

that FAA may serve as a neural correlate of affect regulation (i.e., inhibitory control of 569 

affective processing) not only in the waking but also in the dreaming state.  570 

 571 

  572 
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Figure and Table Legends 806 

Figure 1. Description of the experimental procedure. In the evening, participants’ waking 807 

state resting EEG was recorded for 8 minutes, after which they were asked to rate their 808 

current waking affect (AR). Participants were then allowed to fall asleep. Every time REM 809 

sleep had lasted continuously for 5 minutes, and was in a phasic stage, a tone signal was used 810 

to awaken the participants. Upon awakening, participants provided an oral dream report (DR) 811 

and rated their dream affect (AR). They were then allowed to continue their sleep. This 812 

procedure was repeated throughout the night until the final morning awakening. Upon final 813 

awakening in the morning, participants’ waking state resting EEG was again recorded for 8 814 

minutes, followed by participants’ ratings of their current waking affect (AR). Two minutes 815 

of pre-awakening REM sleep EEG that preceded each dream report, as well as the 8-minute 816 

EEG during the evening and morning wakefulness, were analyzed. FAA (F4-F3) during REM 817 

sleep and during evening wakefulness were used to predict dream affect ratings (AR).  818 

Figure 2. Dream Anger and its relationship to frontal alpha asymmetry. (A) Violin plot 819 

displaying ratings of Anger in the evening resting wakefulness, REM sleep dreams, and 820 

morning resting wakefulness. The central white dot represents the median value, the thick 821 

black bar in the center represents the interquartile range, and the thin gray line represents the 822 

95 % confidence interval. (B) Relationship between dream Anger and REM sleep frontal 823 

alpha asymmetry (FAA). The grey area denotes the 95 % confidence interval. (C) Partial 824 

correlation coefficients between dream Anger and log-transformed alpha power over 825 

individual electrode sites, while controlling for the average whole-head alpha power. (D) 826 

Relationship between dream Anger and frontal alpha asymmetry (FAA) during evening 827 

resting wakefulness. The grey area denotes the 95 % confidence interval. (E) Partial 828 

correlation coefficients between dream Anger and log-transformed alpha power over the F4 829 

electrode in 1 Hz bins. Blue-colored bins marked with an asterisk denote statistically 830 
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significant correlations after the Benjamini-Hochberg False Discovery Rate correction 831 

(adjusted p-value = 0.0045). T/A = Theta/Alpha. 832 

Table 1. Bias-corrected accelerated bootstrap confidence intervals based on 5000 bootstrap 833 

samples. FAA scores (8-13 Hz at F4-F3) are in μV/cm2 units. Anger and Interest scores 834 

reflect the mean intensity on a 0-4 rating scale. 835 

Table 2. ** p = .006 *p = .016. NA = negative affect item, PA = positive affect item. 836 

  837 
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Tables 838 

Table 1. Descriptive Statistics for Frontal Alpha Asymmetry (FAA) and Affect Ratings 839 

 Evening wakefulness REM sleep (dreams) Morning wakefulness 

 M SE 95% CI M SE 95% CI M SE 95% CI 

FAA -0.08 0.10 [-0.30, 0.14] -0.13 0.07 [-0.28, 0.01] -0.29 0.11 [-0.53, -0.04] 

Anger 0.26 0.09 [0.15, 0.41] 0.64 0.10 [0.46, 0.83] 0.15 0.06 [0.06, 0.24] 

Interest  1.26 0.19 [0.91, 1.62] 1.61 0.15 [1.36, 1.87] 0.88 0.17 [0.59, 1.18] 

 840 

Table 2. Spearman Correlation Coefficients Between REM Sleep Frontal Alpha Asymmetry 841 

(FAA) and Dream Affect 842 

Discrete Dream Affect REM sleep FAA 

PA1 Amused/Fun-loving/Giggly -.006 

PA2 Awe/Wonder/Amazement -.235 

PA3 Grateful/Appreciative/Thankful -.165 

PA4 Hopeful/Optimistic/Encouraged .020 

PA5 Inspired/Uplifted/Elevated .131 

PA6 Interested/Alert/Curious .405 

PA7 Joyful/Glad/Happy .218 

PA8 Love/Closeness/Trust -.031 

PA9 Proud/Confident/Self-assured .050 

PA10 Serene/Content/Peaceful .106 

NA1 Angry/Irritated/Annoyed .638** 

NA2 Ashamed/Humiliated/Disgraced .080 

NA3 Contemptuous/Scornful/Disdainful .114 

NA4 Disgust/Distaste/Revulsion .431 

NA5 Embarrassed/Self-conscious/Blushing .276 

NA6 Guilty/Repentant/Blameworthy .255 

NA7 Hate/Distrust/Suspicion .572* 
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NA8 Sad/Downhearted/Unhappy -.020 

NA9 Scared/Fearful/Afraid .116 

NA10 Stressed/Nervous/Overwhelmed -.198 

 843 






