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Introduction

Over the centuries, dreaming has been studied from multiple points of view,
but only recently it has become a neuroscientific object of study. A crucial
step for the development of the scientific study of dreams is represented by

the discovery of rapid eye movement (REM) sleep stage ( Aserinsky and

Kleitman, 1953 ; Dement and Kleitman, 1957a , b ). Early results showed

that in 80% of the awakenings from REM sleep the subjects reported at least

one dream ( Dement and Kleitman, 1957a , b ). This finding gave rise to the

well-known REM = dreaming equation, which dictated empirical dream
research for years. The assumption that dreaming is just an epiphenomenon

of REM sleep was refuted by Foulkes (1962) . He showed that people report

dream mentation also when awakened from non-REM (NREM) sleep.

Furthermore, subjects were awakened just before the first REM period,

pointing to a dream recall also during a sleep period without REM ( Foulkes

1962 ).

Neuropsychological evidence confirmed that REM sleep and dream recall are
modulated by two different brain mechanisms. Patients affected by

brainstem lesions in the regions related to REM sleep generation still

preserved their dream recall ( Solms, 1997 , 2000 ). Conversely, dream recall

totally disappeared in patients with focal forebrain lesions and no

impairment of REM sleep ( Solms, 2000 ). This double dissociation between
REM and dreaming allows us to state that dream recall is possible both after

REM and NREM sleep.
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Although the dichotomy REM = dreaming/NREM = non-dreaming is outdated,
the differentiation between the two types of dream reports generated a “
new dichotomy” between REM and NREM dream contents, that still
influences the dream research. Mental activity from REM sleep is commonly
defined “ dream-like,” and it is characterized by emotional load, bizarreness,

and vividness ( Foulkes and Rechtschaffen, 1964 ; Foulkes, 1967 ; Antrobus,

1983 ; Foulkes and Schmidt, 1983 ; Waterman et al., 1993 ; Stickgold et al.,

1994 ; Casagrande et al., 1996 ). Differently, dream report from NREM sleep

is typically “ thought-like” ( Foulkes, 1967 ); in this case, the mental activity

is less emotionally intense and the contents are closer to reality and more

fragmented than dream-like reports ( Rechtschaffen et al., 1963 ; Foulkes,

1967 ). It should be noted that also this “ new dichotomy” has been
questioned. Indeed, a significant portion of dreams reported from NREM
stages shows several features peculiar of “ dream-like” mentation ( Monroe

et al., 1965 ; Zimmerman, 1970 ; Solms, 2000 ). Furthermore, it has been

observed that the control for word count makes relatively similar REM and

NREM reports ( Antrobus, 1983 ; Foulkes and Schmidt, 1983 ; Cavallero et

al., 1992 ).

As a result, dream research was focused on the physiological state
underlying dreaming, both in REM and NREM sleep. Many studies have been
performed by awakenings from specific sleep stages, to explore the
differences among the neurobiological (electroencephalographic, EEG)
correlates of dreaming. This line of research has stimulated three different
models in a bid to explain the mechanisms that generate dreaming. The first

model assumed that there is “ one-generator” to produce sleep mentation in

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 4

all sleep stages ( Foulkes, 1985 ). This model posits that the different

qualitative features between REM and NREM sleep mentation depend on
memory activation, organization of mnestic material in a congruent narrative
structure and conscious interpretation. The cortical synchronization during
NREM sleep (less cerebral activation) does not allow a complex processing

and consolidation of dream contents ( Nielsen, 2000 ). This view is consistent

with some studies showing that the differences between REM and NREM

dreams only concern quantitative features ( Antrobus, 1983 ; Foulkes and

Schmidt, 1983 ; Cavallero et al., 1992 ). Furthermore, some studies reported

that “ dream-like” sleep mentation is detected also closer to sleep onset and

to awakening, in correspondence of higher cortical activity ( Foulkes, 1962 ;

Foulkes and Vogel, 1965 ).

Conversely, Hobson and McCarley (1977) supported a “ two-generator”
model for REM and NREM sleep mentation. According to this perspective,
dream contents should be reflected by the peculiar physiological features of
the sleep scenario . Hence, this could explain the different features of REM

and NREM dream reports ( Hobson et al., 2000 ). In an attempt to integrate

these two models, Nielsen (2000) proposed a “ covert-REM” model. He
defined “ covert-REM” any NREM sleep episode including some distinctive
REM sleep processes (i. e., muscle atonia, rapid eyes movements), which
cannot be scored as REM sleep according to the standard criteria. For
instance, these episodes may occur during wake-sleep transitions (i. e., sleep
onset) or when REM sleep episode skips the first sleep cycle; moreover, “
covert-REM” could appear in NREM sleep in proximity (within 15 min) of the

subsequent REM sleep episode ( Nielsen, 2000 ). This view could be
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considered as an extension of the two-generator model, because it supports
the hypothesis that dreaming is possible just during a particular NREM sleep

stage that embodies some characteristics peculiar of REM sleep ( Nielsen

2000).

It should be emphasized that the empirical studies in support of these
models are characterized by a basic limitation, that is the assumption that
the dream content is generated in the same stage upon which subject has
been awakened. The issue of dream generation has affected the
physiological approach to dream study for a long time. For instance,

neuroimaging investigations ( Nofzinger et al., 1997 ; Maquet et al., 2005 )

are based on this methodological bias, still considering dreaming intrinsically
related to REM sleep and not providing a systematic evaluation of the
relations between sleep mentation and cerebral activation patterns before

awakenings from different sleep stages ( De Gennaro et al., 2012 ).

More recently, some empirical findings have revitalized the neurobiological
approach to dream recall by investigating the association between the
electrophysiological pattern in the segment of sleep closer to final
awakenings and presence/absence of dream reports, rather than focusing on

an hypothetical time of dream generation ( Corsi-Cabrera et al., 2003 ;

Takeuchi et al., 2003 : Esposito et al., 2004 ; Chellappa et al., 2009, 2011 :

Marzano et al., 2011 ). Quantitative EEG analysis aims to establish

correlations between some dream-cognitive features and the brain states
prior to awakening. Within some contrasting results, the most consistent

finding points to a continuity between the electrophysiological brain
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mechanisms involved in the encoding of episodic memory across

wakefulness and sleep state ( Takeuchi et al., 2003 ; Esposito et al., 2004 ;

Chellappa et al., 2011 ; Marzano et al., 2011 ). In particular, the EEG

oscillations predictive of subsequent successful memory performance in
wakefulness resemble the EEG frequencies and topography detected before

successful dream recall, both from REM and NREM sleep ( Takeuchi et al.,

2003 ; Esposito et al., 2004 ; Chellappa et al., 2011 ; Marzano et al., 2011 ).

This review focuses on the EEG patterns related to dream recall, with specific
reference to recent empirical evidence about the relationship between theta
oscillations and episodic memory. The ultimate purpose is to discuss the
issue of whether the predictive relationship between EEG oscillations and
dream recall can be interpreted in terms of “ state- or trait-like” differences.
Namely, the neurobiological correlates of a successful recall may depend on
the physiological scenario related to the specific sleep stage of awakening (“

state-like” factors), or they could be linked to interindividual differences that

steadily characterize recallers and non-recallers (“ trait-like” factors).

Theta Brain Oscillations Involved in Episodic Memory
During Wakefulness

Several studies have reported that memory processing is modulated by

specific brain oscillations ( Klimesch et al., 1996 ; Basar et al., 1999 ;

Klimesch, 1999 ). Recent evidence indicates that EEG activity could predict

the subsequent cognitive performance ( Paller and Wagner, 2002 ; Nyhus

and Curran, 2010 ; Addante et al., 2011 ). In particular, theta rhythm,

traditionally defined in the 4-8 Hz range ( Niedermeyer and Lopes da Silva,

1993 ), seems to correlate consistently with episodic memory ( Klimesch et
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al., 1996 ; Klimesch, 1999 ), described as the ability to remember past

experiences and autobiographical events ( Tulving, 2002 ).

Theta rhythm may be considered as the local field potential (LFP) that
represents an electrophysiological marker of hippocampal activity (

Rutishauser et al., 2010 ), both during awake behavior and REM sleep (

Klimesch, 1996 ; Cantero et al., 2003 ). Theta activity modulates neuronal

changes in hippocampal formation and in neocortical structures ( Mitchell et

al., 2008 ). In this regard, many researchers have tried to explain the

relationship between hippocampal and cortical theta, although the exact

mechanisms involved in this interaction are still uncertain ( Klimesch, 1996 ;

Lega et al., 2012 ). Moreover, field theta oscillations are not always coherent

with hippocampal theta ( Kahana et al., 1999 ; Raghavachari et al., 2001 ).

Some authors have suggested that cortical theta may be induced via the
extensive projections from the hippocampus to the neocortex, described as

hippocampo-cortical feedback loops ( Miller, 1991 ; Klimesch, 1996 ).

In humans, studies on hippocampal theta have been performed by
intracranial electrodes (intracranial-EEG, iEEG) in neurosurgical patients
while engaged in cognitive tasks, or were focused on cortical theta by scalp

recordings [EEG or magnetoencephalography (MEG); Nyhus and Curran,

2010 ]. Scalp EEG recordings in humans have shown that theta power

increases during memory tasks ( Hsieh and Ranganath, 2014 ). Specifically,

the role of theta activity both in encoding and retrieval of episodic

information has recently received considerable attention ( Klimesch et al.,

1997, 2001 : Klimesch, 1999 : Molle et al., 2002 : Guderian and Duzel, 2005
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; White et al., 2013 ). Klimesch et al. (1996) , using an event related

synchronization/desynchronization (ERS/ERD) approach, investigated
differences in EEG power between the encoding phase of information that
should be correctly remembered and not remembered later. During the
encoding, subjects did not know that they would be subsequently retested.
The authors found that theta activity increases especially during encoding of
items subsequently recalled. Further results from the same group confirmed
that changes in theta power were indicative of good or bad performance in

retrieval memory ( Klimesch et al., 1997 ; Doppelmayr et al., 1998 ;

Klimesch, 1999 ). Later studies have demonstrated that theta activity

increases also during retrieval of previously studied information ( Klimesch et

al., 2000 , 2006 ). These works have emphasized that theta enhancement is

larger during recognition than encoding phase.

Similarly, Molle et al. (2002) found that an efficient recognition of words and

faces was correlated with theta synchronization (and alpha

desynchronization) as compared to bad performance.

More interestingly, some studies have observed that also theta oscillations
prior to the effective stimulus presentation are related to an efficient

episodic encoding or retrieval ( Guderian et al., 2009 ; Addante et al., 2011 ;

Gruber et al., 2013 ). Guderian et al. (2009) reported that high pre-stimulus

theta oscillations were related to a successful recall. Similarly, Addante et al.

(2011) found a frontal theta enhancement during pre-stimulus phase
associated to a subsequent successful retrieval. In other words, these results

support the view that memory performance depends on state-related
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physiological factors before the beginning of the task ( Addante et al., 2011

).

Evidences from MEG recordings are coherent with these findings. Results
point to differential patterns between recall and non-recall conditions

associated to memory tasks ( Jensen and Tesche, 2002 ; Osipova et al., 2006

). In particular it was found that encoding and recall of picture stimuli are

linked to theta oscillations in the right hemisphere ( Osipova et al., 2006 ).

Intracranial EEG studies have confirmed that theta oscillations have a role in

memory formation ( Sederberg et al., 2003 ; Rutishauser et al., 2010 ; Lega

et al., 2012 ). An increase of theta activity in temporal and right frontal lobes

correlated with successful recall of lists of words ( Sederberg et al., 2003 ).

Hippocampal/parahippocampal-cortical theta phase-coupling has also been

investigated by iEEG recording in neurosurgical patients ( Fell et al., 2003 ;

Anderson et al., 2010 ; Rutishauser et al., 2010 ; Lega et al., 2012 ).

Rutishauser et al. (2010) showed that an optimal memory performance was

predicted by a tight coordination of spike timing in correspondence of the
local theta oscillations. In addition, higher theta hippocampal-cortical phase-
coupling was related to successful retrieval in a memory task ( Lega et al.,

2012 ).

The above-mentioned increase of theta activity has been typically reported

over the frontal areas ( Klimesch et al., 1996, 1997 , 2006 ; Jensen and

Tesche, 2002 ; Molle et al., 2002 ). Specifically, this phenomenon occurs over

Fz, F3, F4 channels, and it is known as “ frontal midline theta” (FMT; Ishihara
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and Yoshi, 1972 ; Klimesch et al., 2006 ; Mitchell et al., 2008 ; Hsieh and

Ranganath, 2014 ).

It is well known that the prefrontal cortex (PFC) is involved in memory

processes ( Grady et al., 2003 ; Gazzaley et al., 2004 ; Nee and Jonides, 2008
). In line with this finding, an innovative neuroimaging study, by using
diffusion tensor imaging (DTI), demonstrated that the relationship between
theta and memory depends on hippocampus-prefrontal cortex connectivity
by showing that participants with a remarkable connectivity had better long-

term memory ( Cohen, 2011 ). These subjects exhibited EEG patterns

characterized by theta and delta oscillations over the frontal regions. In
addition, iEEG recordings also showed that theta activity modulates the
interaction between PFC and the medial temporal lobe (MTL), suggesting
that both these areas may be part of the same network engaged in recall

operations ( Anderson et al., 2010 ). In particular, MEG studies have shown

that the frontal theta rhythm could be generated by the medial prefrontal

cortex (mMPFC) and the anterior cingulate cortex (ACC; Asada et al., 1999 ;

Ishii et al., 1999 ; Nishida et al., 2004 ). These regions seem to play a central
role in selective and continuous attention during working memory and recall

tasks ( Cohen et al., 1997 ; Petit et al., 1998 ; Smith and Jonides, 1999 ;

Rowe et al., 2000 ).

However, it should be underlined that some studies found increased theta
coherence between intracranial electrodes during the encoding of

subsequently recognized items, without observing any variation in theta

power ( Fell et al., 2003 ). In some cases, the frontal theta correlated
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negatively with retrieval and positively with forgetting ( Hanslmayr et al.,

2010 ; Staudial et al., 2010 ; Khader and Rosler, 2011 ; Lega et al., 2012 ;

Pastotter and Bauml, 2014 ). For instance, Staudigl et al. (2010) reported an

increased FMT related to the increased interference during episodic retrieval
task. Recent works suggested that it might be useful to consider two sub-
ranges of theta activity, i. e., slow theta (~3 Hz) and fast theta (~7 Hz)

oscillations ( Lega et al., 2012 ; Pastotter and Bauml, 2014 ). These bands

differently affected memory performance since slow cortical and
hippocampal theta oscillations were positively related to an optimal retrieval,
while fast cortical and hippocampal theta oscillations were negatively related

to it ( Lega et al., 2012 ; Pastotter and Bauml, 2014 ).

Frontal theta oscillations have been observed also during meditation and

state of drowsiness ( Takahashi et al., 1997 ; Kubota et al., 2001 ). In this

respect, Norman et al. (2007) proposed an “ Oscillating Inhibition Model,”

which posits that theta rhythm may represent a mechanism for inhibition of
useless items in memory system. In other words, theta activity could help to
suppress the external interference with selective retrieval of target memory
during cognitive tasks or in meditative state, while subjects are focused on

inner experiences.

Finally, it should be considered that EEG power in the theta band is strictly

associated to subjective sleepiness and sleep propensity ( Finelli et al., 2000

: Tinquely et al., 2006 ; De Gennaro et al., 2007 ; Marzano et al., 2007 ;

Gorgoni et al., 2015 ). Indeed, an increase of theta power during extended

wakefulness has been demonstrated ( Cajochen et al., 1996 ; Aeschbach et
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al., 1997 ; Finelli et al., 2000 ). In this respect, the cognitive performance,

especially memory function, may be affected by the time of data collection.
Therefore, it is necessary underline that circadian and homeostatic
modulation on theta activity should be taken into account -at least, by
maintaining them constant across conditions- as possible confounding

variables.

Summing up, the most studies seem to confirm that theta oscillations could
be predictive of memory performance. It should be noted that a relatively

high theta activity is commonly detected in REM sleep ( Marzano et al., 2010

). In particular, the theta band shows a fronto-central gradient with highest

values over the midline regions ( Marzano et al., 2010 ). Furthermore,

several studies suggest a link between REM sleep and memory consolidation

( Siegel, 2001 ; Nishida et al., 2009 ). For instance, a relationship between
prefrontal theta rhythm during REM sleep and emotional memory

consolidation has been reported ( Nishida et al., 2009 ).

Keeping in mind these considerations, we hypothesize that the analysis of
the changes in spectral power during sleep, in association with the specific
mental activity of sleep (i. e., dreaming), might give a significant contribution

in understanding the role of theta band in cognitive processes.

Neurobiological Approach to Dream Recall

In the last decades, there has been a growing interest in the neurobiological
correlates of dreaming. Considerable strides in dream research have been

made mostly thanks to the investigations in brain damage patients, as well
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as to the employment of brain imaging techniques and quantitative analysis

of polysomnographic (PSG) measures.

However, it should be emphasized that dreaming is a peculiar object of
study, especially because it is impossible to access directly to sleep mental
contents. We can access dream content only by awakening the subject:
therefore, the real object of study is the dream recall, rather than dreaming
in itself. It follows that dream report is inevitably influenced by two states of
consciousness, wakefulness and sleep. We may consider dream recall as a
particular type of mental activity, which shares some features with encoding

and retrieval of episodic memories during daytime activity ( Marzano et al.,

2011 ).

Neuropsychological Findings

The first neuropsychological studies on dreaming aimed at evaluating the
correlations between dream features in brain damaged patients and

anatomical lesion sites.

Some studies have explored the different role played by the brain
hemispheres in sleep mentation. Originally, it was hypothesized that
dreaming depends on the right hemisphere. However, a pionieristic meta-

analysis refuted this view ( Doricchi and Violani, 1992 ). It was highlighted

that also subjects who have undergone a right hemispherectomy reported

dream contents relatively similar to healthy people ( Doricchi and Violani,

1992 ). Furthermore, it was evidenced that frontal lobe damage was not
systematically associated to dream loss; instead, parietal lesions caused
complete dream cessation. This phenomenon was observed both as a
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consequence of unilateral and bilateral lesions. With respect to the specific
issue of laterality, the authors hypothesized that right hemisphere is linked
to dream materials and left hemisphere to dream encoding and

interpretation ( Doricchi and Violani, 1992 ).

Further investigations have demonstrated that total dream loss is also
observed in patients affected by ventromesial frontal white matter damages

( Solms, 1997 ). It should be noted that this area corresponds to the region

affected by prefrontal lobotomy. The 80% of lobotomized subjects did not

report mental activity during sleep ( Frank, 1946 ; Partridge, 1950 ; Solms,

1997 ). Consistently, empirical evidences have underlined that the chemical
stimulation of this area by L -dopa elicits psychotic symptoms, nightmares

and more vivid dream contents ( Scharf et al., 1978 ; Nausieda et al., 1982 ).

Starting from brain damage studies, a nosology of dream activity alterations

was implemented ( Solms, 1997 ). Solms defined “ visual anoneria ” the

condition characterized by mental sleep activity without visual components.
This deficit was associated with temporo-occipital lesions (Brodmann 40
area). In this case, the patients showed visual impairment also in

wakefulness, in particular on visuo-spatial tasks ( Epstein and Simmons,

1983 ; Murri et al., 1985 ; Solms, 2000 ). The “ global anoneria " consists of

complete cessation of dreaming. Typically, this syndrome was associated
with posterior cortical lesions, near the temporo-occipital-parietal junction or
deep and bilateral frontal damage, in correspondence of the ventromesial

region ( Solms, 1997 ; Domhoff, 2011 ). Commonly, these patients show

reiterations and disinhibition ( Bischof and Bassetti, 2004 ). Again, these
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anomalies can be observed during spatial memory tasks in wakefulness. The
third syndrome, “ anoneirognosis ,” concerns the impossibility to distinguish
internal experiences (i. e., dream) from reality. This alteration may be
observed in patients with limbic-frontal lesions, over mPFC, ACC, and basal
forebrain. This syndrome is always associated to a general state of confusion
during wakefulness. For instance, patients reported an intrusion of dream

contents into waking thought ( Solms, 1997 ; Domhoff, 2011 ). Furthermore,

the “ recurring nightmares ” syndrome was typically found in
correspondence of temporal-limbic seizures that sometimes are associated

to paroxysms ( Solms, 1997 ).

Brain damage studies are not free from limitations. Firstly, the mental sleep
activity in these patients is never compared to dreaming during premorbid
condition. This means that mental sleep activity before the brain damage

have been investigated only by retrospective self-report ( Schwartz and

Maquet, 2002 ). Furthermore, it is quite common that patients take

medications that may influence some cognitive mechanisms involved in

dreaming ( Gottesmann, 2002 ).

More recently, the use of neuroimaging techniques [i. e., positron emission
tomography (PET) and functional magnetic resonance imaging (fMRI)] has
allowed to substantially replicate the data obtained from anatomical studies.
The early neuroimaging studies on dreaming were based on the assumption
that dream contents reflect the activation level of neural structures that
typically regulate cognitive processes. These studies, still bounded to the

implicit assumption that sleep mentation strictly depends on REM sleep
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physiology, tried to find for each “ dream-like” feature a relationship with

specific activation/deactivation of brain areas.

Imaging studies mostly show that REM sleep is characterized by a general

high cerebral activation ( Maquet et al., 1996 ; Braun et al., 1997 , 1998 ;

Nofzinger et al., 1997 ; Maquet, 2000 ; Wehrle et al., 2007 ; Hong et al., 2009

; Nir and Tononi, 2010 ). It was observed an increase of activity in the

thalamus ( Peigneux et al., 2001 ; Wehrle et al., 2005 ), hippocampal

formation ( Wehrle et al., 2007 ), visual cortex ( Lovblad et al., 1999 : Wehrle

et al., 2007 ; Hong et al., 2009 ), orbitofrontal cortex ( Maquet et al., 1996 ;

Braun et al., 1997 , 1998 ; Hong et al., 2009 ), amygdala and ACC ( Maquet

etal., 1996 ; Braun et al., 1997 , 1998 : Nofzinger et al., 1997 ).

It is well known that the amygdala and the hippocampal formation are

involved in memory processes ( Nofzinger et al., 1997 ; Braun et al., 1998 ).

The activation of amygdala and hippocampus seems to play a putative role
in the processing of emotional contents during REM sleep. In this regard, it
should be noted that an important feature of dreaming is the alteration of
mnestic processes: indeed, except for particular emotional contents,

subjects have difficulties in retrieving their dream activity ( Nir and Tononi,

2010 ). Some alterations in memory system are probably associated to the

relative deactivation of the prefrontal cortex ( Maguet et al., 1996 , 2005 ).

Typically, this area controls working memory, rational thought and executive

functions ( Nir and Tononi, 2010 ).

Furthermore, some results have demonstrated that the attenuation in the

voluntary control on thoughts and actions during dreaming depends on the
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right inferior parietal cortex during REM sleep ( Maquet et al., 1996 ; Braun

et al., 1997 ). Such findings fit quite well with the “ traditional” viewpoint

that dream-like activity is strictly related to the REM sleep brain activation
pattern. However, as previously mentioned, it should be underlined that

these neuroimaging studies, with one notable exception ( Maguet et al.,

1996 ), have overlooked the actual presence of a successful dream recall,

inferring relationships between neural structures and dream material.

EEG Brain Oscillations Involved in Mental Activity During Sleep
Polysomnographic technique and laboratory awakenings are considered the

gold standard method to investigate sleep mentation. After awakenings from
NREM sleep, some studies have found a relationship between alpha activity

and dream recall ( Takeuchi et al., 2003 ; Esposito et al., 2004 ; Marzano et

al., 2011 ), although the results are not always consistent. For instance, one

study reported that dream recall correlated with a decrease of alpha activity

in correspondence of central areas ( Takeuchi et al., 2003 ). On the other

hand, two more recent studies showed an increase of alpha oscillations in

temporo-parietal regions ( Esposito et al., 2004 ; Marzano et al., 2011 ).

Differently, Chellappa et al. (2011) observed that dream report from NREM

sleep is associated with a decline of delta and sigma EEG power over the

centro-parietal regions.

Also dream recall after REM sleep is associated to alpha activity. In
particular, a correlation between dream report and a decrease of alpha band

on the frontal region has been reported ( Esposito et al., 2004 ; Chellappa et

al., 2011 ). However, these data are incoherent with the evidence that dream

recall is predicted by an enhancement of theta activity in frontal area prior to
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awakening ( Marzano et al., 2011 ). Keeping in mind the role played by the

theta and alpha rhythms in the episodic memory formation and retrieval (

Klimesch, 1996 ), it may be hypothesized a sort of continuity between the

mechanisms that modulate episodic memory processes across sleep and

wakefulness ( Marzano et al., 2011 ). This is also in line with a psychological

point of view which underlines that qualitative and quantitative aspects of
sleep mentation are determined by waking-life experiences and feelings (

Domhoff, 2003 ; Schredl, 2003 , 2009 ).

To sum up, the neuroscientific literature on the EEG correlates of dream
recall still depict an heterogeneous picture. We must bear in mind that the
data have been obtained by partly different methodologies (such as time of
awakening and procedures to collect dream content). Indeed, dream reports

were collected after the first sleep cycle ( Esposito et al., 2004 ), the entire

night ( Marzano et al., 2011 ), multiple nap ( Chellappa et al., 2011 ), or REM

sleep onset (SOREMP) and NREM sleep onset (NREMP) periods ( Takeuchi et

al., 2003 ). Consequently, they take in account partially different

phenomena.

State- or Trait-Like Differences?

It should be highlighted that the most of the empirical data on neural
correlates of dreaming are based on between-subjects designs, making
impossible to disentangle whether the patterns observed are state-like or
trait-like. In order to reach a more complete knowledge about dreaming, it is
necessary to clarify if dream recall is influenced by specific stable differences

characterizing each subject (i. e., the trait-like hypothesis) or, alternatively if
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dream contents can only be retrieved in correspondence with specific brain
activity strictly related to the physiological sleep scenario (i. e., the state-like
hypothesis). Specifically, the first hypothesis implies that some individuals
could show steady topographical EEG pattern, independently from dream
recall or non-recall conditions. Hence, the trait-like relationship may be
interpreted in terms of specific EEG features which allow subjects to stably
recall or not recall dreams. On the other hand, the second hypothesis
suggests that it is a recognizable EEG pattern during a specific sleep stage to

determine or at least predict the subsequent dream recall at awakening.

Very few studies have tried to disentangle this issue. For instance, Marzano

et al. (2011) evaluated if the EEG pattern observed in the last sleep segment

prior to awakening was also evidenced during the previous nocturnal sleep
cycles (i. e., if it was a stable pattern in entire night). They examined EEG
power in correspondence of the midpoint of each sleep cycle (second, third
and fourth episodes of REM and stage 2), and reported that significant
differences in the EEG pattern between recallers (REC) and non-recallers
(NREC) groups were detected only in proximity to the awakening time.
Hence, those differences were not a stable pattern of EEG activity during the

night ( Marzano et al., 2011 ). However, the lack of systematic differences

across all sleep episodes do not provide a definitive evidence on the state-or

trait-like question.

A recent neuroimaging study investigated, by DTI technique, the association
between qualitative and quantitative features of dream recall and

morphoanatomical measures of the amygdala and hippocampus. In this
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approach, dream recall has been investigated according to a trait-like view,
and correlated to interindividual differences of the subcortical structures. A
correlation between the bizarreness of dreams and some microstructural
features of the amygdala (smaller volume and lower structural integrity) was

found ( De Gennaro et al., 2011 ). Furthermore, emotional load was

associated to a smaller volume of the left hippocampus and to a larger
volume of the right hippocampus. Moreover, a relationship between
emotional load and structural integrity of the left amygdala was reported (

De Gennaro et al., 2011 ). These data support the hypothesis that the

amygdala is related to the emotional encoding of dream contents,
suggesting a continuity between the formation of emotional memory across
wakefulness and sleep. The central role of the amygdala in the emotional
regulation in wakefulness as in sleep is particularly clear in post-traumatic
stress disorder (PTSD) patients. Chronic post-traumatic nightmares could be

considered “ the hallmark of PTSD” ( Ross et al., 1989 ; Germain, 2013 ).

Dream reports in PTSD patients are characterized by themes, vivid images
and emotions associated to the traumatic events. It should be noted that
many studies have found a hyperactivity of the amygdala in this disorder (

Shin et al., 2006 ; Germain et al., 2008 ). Specifically, REM sleep could

amplify the altered function of the amygdala in these patients, increasing

dysphoric dreams ( Germain et al., 2008 ).

“ Trait-like” differences have also been considered in terms of “ dream recall
frequency " (DRF). A PET study demonstrated that High Recallers (higher
DRF) show a greater regional cerebral blood flow (rCBF) in temporo-parietal

junction (TPJ) during REM sleep, stage 3 and wakefulness than Low Recallers
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(lower DRF). It was also observed a higher rCBF in High Recallers in mPFC

only during REM sleep and wakefulness ( Eichenlaub et al., 2014a ). These

evidences are consistent with Solms’s (1997) observations about the role

played by TPJ and mPFC in the sleep mentation production.

It should be underlined that these regions are involved in the “ default mode
network” (DMN), a neural system activated during resting state,

daydreaming and mental imagery processes ( Desseilles et al., 2011 ;

Domhoff, 2011 ; Eichenlaub et al., 2014a ). Mind wandering represents a

state of attention toward interior feelings and personal thoughts, rather than

processing items from the external environment ( Smallwood and Schooler,

2006 ). This definition could be applied also to dreaming ( Domhoff, 2011 ). A

lot of studies evidenced that the mPFC, the anterior and posterior cingulate
cortex, the precuneus and the temporo-parietal area are the regional

substrate of mind wandering ( Mason et al., 2007 ; Christoff et al., 2009 ).

Specifically, Andrews-Hanna et al. (2010) observed that the DMN is

organized in two subsystems: the dorsal mPFC system and the MTL system.
In other words, mind wandering and dreaming both refers to a peculiar
internal cognition, so it is plausible that the neural substrate for sleep
mentation shares some brain regions with the network for mind wandering (i.

e., DMN; Fosse and Domhoff, 2007 ; loannides et al., 2009 ; Nir and Tononi,

2010 ). Hence, it could be hypothesized that High Recallers are more

interested in their inner word ( Eichenlaub et al., 2014a ). This aspect may

represent a trait variable that can contribute to the episodic memory recall.
Once again, the data appear consistent with the continuity hypothesis

between mechanisms involved in cognitive processes across sleep and
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wakefulness. The same group demonstrated that High Recallers show a

greater intrasleep wakefulness than Low Recallers ( Ruby et al., 2013 ;

Eichenlaub et al., 2014b ). This result also provides some support to the

arousal-retrieval model ( Koulack and Goodenough, 1976 ). The model

assumes that the information processing of dream mentation and the
subsequent retrieval are facilitated if awakenings occur during sleep. The
nocturnal awakenings could promote the transition of mnestic traces (i. e.,
dream contents) from short-term memory store to a long-memory storage (

Koulack and Goodenough, 1976 ).

These studies have mainly investigated interindividual factors (structural
features of amygdala and hippocampus). On the other hand, the
intraindividual issue should be also considered, addressing the question of
measuring DRF across different conditions. Some information on
intraindividual differences comes from a recent study that performed a 40-h
nap protocol under constant routine, awakening subjects every 75 min (

Chellappa et al., 2009, 2011 ). This protocol ensures more possibilities to

obtain recall or non-recall conditions in different sleep stages (NREM or REM
sleep). However, this procedure raises other problems, concerning the
influence of circadian and ultradian variables on dream activity. As matter of
fact, it has been remarked that some components of dreaming vary as a

function of chronobiological features ( Nielsen, 2004 , 2010 ). For instance,

the length of dream reports shows a sinusoidal profile: NREM reports are
longer when the awakening is closer to a prior REM sleep episode (

Goodenough et al., 1965 ; Arkin et al., 1978 ). Furthermore, some features

change in a circadian-dependent manner. Notable differences between
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dream reports from the first third and later parts of the night have been

reported ( Nielsen, 2004 , 2010 ). In particular, sleep mentation increased in

dream-like quality from the first REM to all later REM episodes ( Kramer et

al., 1980 ).

As mentioned above, despite some progresses in the dream research, the “
state- or trait-like” question still remains unsolved. An alternative way to
clarify this issue is represented by protocols with multiple sleep recordings in
the same subject, carefully avoiding the influence of circadian factors. Our
recent pilot study, applying a within-subject nap protocol, represents a first

step toward this direction ( Scarpelli et al., 2014 ). We have replicated the

finding that dream recall subsequent the awakening from REM sleep is

related to prior increasing of frontal theta oscillations ( Marzano et al., 2011

), providing further support to the “ continuity hypothesis” between
neurophysiological mechanisms for the encoding and retrieval of episodic

memory in sleep and wakefulness ( Marzano et al., 2011 ). More

interestingly, these preliminary results suggest that dream recall, compared
to absence of dream recall, is associated to a specific EEG pattern (frontal
theta) during a specific sleep stage (REM sleep), supporting a “ state-like

hypothesis” ( Scarpelli et al., 2014 ).

Concluding Remarks

From the viewpoint of the neurosciences, dream research could be
considered as the study of cognitive processes during sleep. However,
neurobiological evidence is intrinsically limited by the impossibility to directly

access to dreaming, and by the necessity to focus on recall of dream
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experience collected during post-awakening wakefulness (i. e., dream recall).
A consistent number of studies underlined the continuity between
mechanisms that regulate cognitive functions in wakefulness and sleep. In
particular, here, it has been stressed that EEG studies have provided
empirical data to sustain the predictive role played by theta oscillations in

the retrieval of episodic information both in wakefulness ( Klimesch et al.,

1997, 2001 ; Klimesch, 1999 ;: Kahana et al., 2001 ;: Molle et al., 2002 ;

Guderian and Duzel, 2005 ; Nyhus and Curran, 2010 ; White et al., 2013 ;

Hsieh and Ranganath, 2014 ) and sleep, considering dream recall as an

episodic mnestic trace ( Marzano et al., 2011 ). Also neuropsychological

studies reported a continuity across different states of consciousness. For
instance, different types of dream activity alterations seem to have an

equivalent in wakefulness ( Solms, 1997 ). Neuroimaging investigations

evidenced that amygdala and hippocampus are fundamental to consolidate

and retrieve emotional memories in sleep as in wakefulness ( De Gennaro et

al., 2011 ). Furthermore, some structures of the DMN (i. e., mPFC and MTL)
activated during internal cognition in wakefulness, are particularly activated
also during sleep in subjects that recall more frequently dream contents (

Domhoff, 2011 ; Eichenlaub et al., 2014a ).

Taking into account the intrinsic difficulties in studying dream mentation, we
have emphasized that PSG with laboratory awakenings should be still
considered as a gold standard to investigate dreaming. The heterogeneous
literature here discussed highlights that dream recall is associated to a
particular EEG topography and frequency. We have also underlined that the

existing literature does not provide compelling evidence to clarify the “
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state- or trait-like” factors influencing the neurobiological mechanisms of
dream recall. Although some observations support the “ state-like
hypothesis,” only future studies could disentangle this issue by using designs

with multiple within-subjects awakenings.

Author Contributions

Substantial contributions to the conception and design of the work: LDG, MF,
SS, ADA, MG; Drafting the work and revising it critically for important
intellectual content: LDG, MF, SS, ADA, MG; Final approval of the version to
be published: LDG, MF, SS, ADA, MG; Agreement to be accountable for all
aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved:

LDG, MF, SS, ADA, MG.

Conflict of Interest Statement

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Acknowledgment
This work was partly supported by a grant to LDG from “ Ministero della

Salute” (Ministry of Health) RF-2009-1528677.

References
Addante, R. ., Watrous, A. J., Yonelinas, A. P., Ekstrom, A. D., and Ranganath,

C. (2011). Prestimulus theta activity predicts correct source memory

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 26

retrieval. Proc. Natl. Acad. Sci. U. S. A. 108, 10702-10707. doi: 10.

1073/pnas. 1014528108

Aeschbach, D., Matthews, J. R., Postolache, T. T., Jackson, M. A., Giesen, H.
A., and Wehr, T. A. (1997). Dynamics of the human EEG during prolonged
wakefulness: evidence for frequency-specific circadian and homeostatic
influences. Neurosci. Lett. 239, 121-124. doi: 10. 1016/S0304-

3940(97)00904-X

Anderson, K. L., Rajagovindan, R., Ghacibeh, G. A., Meador, K. J., and Ding, M.
(2010). Theta oscillations mediate interaction between prefrontal cortex and
medial temporal lobe in human memory. Cereb. Cortex 20, 1604-1612. doi:

10. 1093/cercor/bhp223

Andrews-Hanna, J., Reidler, J., Huang, C., and Buckner, R. (2010). Evidence
for the default network’s role in spontaneous cognition. /. Neurophysiol. 104,

322-335. doi: 10. 1152/jn. 00830. 2009

Antrobus, J. (1983). REM and NREM sleep reports: comparison of word
frequencies by cognitive classes. Psychophysiology 20, 562-568. doi: 10.

1111/j. 1469-8986. 1983. tb03015. x

Arkin, A. M., Antrobus, J. S., Ellman, S. J., and Farber, J. (1978). “ Sleep
mentation as affected by REM deprivation,” in The Mind in Sleep: Psychology
and Psychophysiology , eds A. M. Arkin, J. S. Antrobus, and S. J. Ellman

(Hillsdale, NJ: Lawrence Erlbaum), 459-484.

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 27

Asada, H., Fukuda, Y., Tsunoda, S., Yamaguchi, M., and Tonoike, M. (1999).
Frontal midline theta rhythms reflect alternative activation of prefrontal
cortex and anterior cingulate cortex in humans. Neurosci. Lett. 274, 29-32.

doi: 10. 1016/50304-3940(99)00679-5

Aserinsky, E., and Kleitman, N. (1953). Regularly occurring periods of eye
motility, and concomitant phenomena, during sleep. Science 118, 273-274.

doi: 10. 1126/science. 118. 3062. 273

Basar, E., Basar-Eroglu, C., Karakas, S., and Schurmann, M. (1999). Are
cognitive processes manifested in event-related gamma, alpha, theta and
delta oscillations in the EEG? Neurosci. Lett. 259, 165-168. doi: 10.

1016/S0304-3940(98)00934-3

Bischof, M., and Bassetti, C. L. (2004). Total dream loss: a distinct
neuropsychological dysfunction after bilateral PCA stroke. Ann. Neurol. 56,

583-586. doi: 10. 1002/ana. 20246

Braun, A. R., Balkin, T. J., Wesensten, N. J., Carson, R. E., Varga, M., Baldwin,
P., et al. (1997). Regional cerebral blood flow throughout the sleep-wake
cycle: an H20-15 positron emission tomography study. Brain 120, 1173-

1197. doi: 10. 1093/brain/120. 7. 1173

Braun, A. R., Balkin, T. J., Wesensten, N. J., Gwadry, F., Carson, R. E., Varga,
M., et al. (1998). Dissociated pattern of activity in visual cortices and their
projections during human rapid eye movement sleep. Science 279, 91-95.

doi: 10. 1126/science. 279. 5347. 91

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 28

Cajochen, C., Krauchi, K., von Arx, M. A., Moéri, D., Graw, P., and Wirz-Justice,
A. (1996). Daytime melatonin administration enhances sleepiness and
theta/alpha activity in the waking EEG. Neurosci. Lett. 207, 209-213. doi: 10.

1016/0304-3940(96)12517-9

Cantero, J. L., Atienza, M., Stickgold, R., Kahana, M. J., Madsen, J. R., and
Kocsis, B. (2003). Sleep-dependent 6 oscillations in the human hippocampus

and neocortex. J. Neurosci. 23, 10897-10903.

Casagrande, M., Violani, C., and Bertini, M. (1996). A psycholinguistic method
for analyzing two modalities of thought in dream reports. Dreaming 6, 43-55.

doi: 10. 1037/h0094445

Cavallero, C., Cicogna, P., Natale, V., Occhionero, M., and Zito, A. (1992).

Slow wave sleep dreaming: dream research. Sleep 15, 562-566.

Chellappa, S. L., Frey, S., Knoblauch, V., and Cajochen, C. (2011). Cortical
activation patterns herald successful dream recall after NREM and REM

sleep. Biol. Psychol. 87, 251-256. doi: 10. 1016/j. biopsycho. 2011. 03. 004

Chellappa, S. L., Munch, M., Blatter, K., Knoblauch, V., and Cajochen, C.
(2009). Does the circadian modulation modify with age? Sleep 32, 1201-

12009.

Christoff, K., Gordon, A., Smallwood, J., Smith, R., and Schooler, J. (2009).
Experience sampling during fMRI reveals default network and executive
system contributions to mind wandering. Proc. Natl. Acad. Sci. U. S. A. 106,

8719-8724. doi: 10. 1073/pnas. 0900234106

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 29

Cohen, J. D., Perlstein, W. M., Braver, T. S., Nystrom, L. E., Noll, D. C., Jonides,
J., et al. (1997). Temporal dynamics of brain activation during a working

memory task. Nature 386, 604-608. doi: 10. 1038/386604a0

Cohen, M. X. (2011). Hippocampal-prefrontal connectivity predicts midfrontal
oscillations and long-term memory performance. Curr. Biol. 21, 1900-1905.

doi: 10. 1016/j. cub. 2011. 09. 036

Corsi-Cabrera, M., Miro, E., del-Rio-Portilla, Y., Perez-Garci, E., Villanueva, Y.,
and Guevara, M. A. (2003). Rapid eye movement sleep dreaming is
characterized by uncoupled EEG activity between frontal and perceptual
cortical regions. Brain Cogn. 51, 337-345. doi: 10. 1016/50278-

2626(03)00037-X

De Gennaro, L., Cipolli, C., Cherubini, A., Assogna, F., Cacciari, C., Marzano,
C., et al. (2011). Amygdala and hippocampus volumetry and diffusivity in
relation to dreaming. Hum. Brain Mapp. 32, 1458-1470. doi: 10. 1002/hbm.

21120

De Gennaro, L., Marzano, C., Cipolli, C., and Ferrara, M. (2012). How we
remember the stuff that dreams are made of: neurobiological approaches to
the brain mechanisms of dream recall. Behav. Brain Res. 226, 592-596. doi:

10. 1016/j. bbr. 2011. 10. 017

De Gennaro, L., Marzano, C., Veniero, D., Moroni, F., Fratello, F., Curcio, G.,
et al. (2007). Neurophysiological correlates of sleepiness: a combined TMS
and EEG study. Neuroimage 36, 1277-1287. doi: 10. 1016/j. neuroimage.

2007. 04. 013

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 30

Dement, W., and Kleitman, N. (1957a). Cyclic variations in EEG during sleep
and their relation to eye movements, body motility, and dreaming.
Electroencephalogr. Clin. Neurophysiol. 9, 673-690. doi: 10. 1016/0013-

4694(57)90088-3

Dement, W., and Kleitman, N. (1957b). The relation of eye movements
during sleep to dream activity: an objective method for the study of

dreaming. J. Exp. Psychol. 53, 339-346. doi: 10. 1037/h0048189

Desseilles, M., Dang-Vu, T. T., Sterpenich, V., and Schwartz, S. (2011).
Cognitive and emotional processes during dreaming: a neuroimaging view.

Conscious. Cogn. 20, 998-1008. doi: 10. 1016/j. concog. 2010. 10. 005

Domhoff, G. W. (2003). The Scientific Study of Dreams: Neural Networks,
Cognitive, Development, and Content Analysis . Washington: America

Psychological Association Press.

Domhoff, G. W. (2011). The neural substrate for dreaming: is it a subsystem
of the default network? Conscious. Cogn. 20, 1163-1174. doi: 10. 1016/j.

concog. 2011. 03. 001

Doppelmayr, M., Klimesch, W., Schwaiger, J., Auinger, P., and Winkler, T.
(1998). Theta synchronization in the human EEG and episodic retrieval.

Neurosci. Lett. 257, 41-44. doi: 10. 1016/50304-3940(98)00805-2

Doricchi, F., and Violani, C. (1992). “ Dream recall in brain-damaged patients:

a contribution to the neuropsychology of dreaming through a review of the

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 31

literature,” in The Neuropsychology of Sleep and Dreaming , eds |. S.

Antrobus and M. Bertini (Hillsdale, NJ: Erlbaum), 99-129.

Eichenlaub, J. B., Nicolas, A., Daltrozzo, J., Redouté, J., Costes, N., and Ruby,
P. (2014a). Resting brain activity varies with dream recall frequency between
subjects. Neuropsychopharmacology 39, 1594-1602. doi: 10. 1038/npp.

2014. 6

Eichenlaub, J. B., Bertrand, O., Morlet, D., and Ruby, P. (2014b). Brain
reactivity differentiates subjects with high and low dream recall frequencies
during both sleep and wakefulness. Cereb. Cortex 24, 1206-1215. doi: 10.

1093/cercor/bhs388

Epstein, E., and Simmons, N. (1983). Aphasia with reported loss of dreaming.

Am. J. Psychiatry 140, 108-109. doi: 10. 1176/ajp. 140. 1. 108

Esposito, M. J., Nielsen, T. A., and Paquette, T. (2004). Reduced alpha power
associated with the recall of mentation from Stage 2 and Stage REM sleep.

Psychophysiology 41, 288-297. doi: 10. 1111/j. 1469-8986. 00143. x

Fell, J., Staedtgen, M., Burr, W., Kockelmann, E., Helmstaedter, C., Schaller,
C., et al. (2003). Rhinal-hippocampal EEG coherence is reduced during
human sleep. Eur. J. Neurosci. 18, 1711-1716. doi: 10. 1046/j. 1460-9568.

2003. 02934. x

Finelli, L. A., Baumann, H., Borbély, A. A., and Achermann, P. (2000). Dual

electroencephalogram markers of human sleep homeostasis: correlation

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 32

between theta activity in waking and slow-wave activity in sleep.

Neuroscience 101, 523-529. doi: 10. 1016/5S0306-4522(00)00409-7

Fosse, R., and Domhoff, G. W. (2007). “ Dreaming as non-executive
orienting: a conceptual framework for consciousness during sleep,” in The
New Science of Dreaming: Content, Recall and Personality Correlates , Vol. 2,

eds D. Barrett and P. McNamara (Westport, CT: Praeger), 49-78.

Foulkes, D. (1962). Dream reports from different stages of sleep. J. Abnorm.

Soc. Psychol. 65, 14-25. doi: 10. 1037/h0040431

Foulkes, D. (1967). Nonrapid eye movement mentation. Exp. Neurol. 19, 28-

38. doi: 10. 1016/0014-4886(67)90154-9

Foulkes, D. (1985). Dreaming: a Cognitive-Psychological Analysis . Hillsdale:

Lawrence Erlbaum Associates.

Foulkes, D., and Rechtschaffen, A. (1964). Presleep determinants of dream
content: effects of two films. Percept. Mot. Skills 19, 983-1005. doi: 10.

2466/pms. 1964. 19. 3. 983

Foulkes, D., and Schmidt, M. (1983). Temporal sequence and unit
composition in dream reports from different stages of sleep. Sleep 6, 265-

280.

Foulkes, D., and Vogel, G. (1965). Mental activity at sleep onset. J. Abnorm.

Psychol. 70, 231-243. doi: 10. 1037/h0022217

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 33

Frank, J. (1946). Clinical survey and results of 200 cases of prefrontal

leucotomy. J. Ment. Sci. 92, 497-508. doi: 10. 1192/bjp. 92. 388. 497

Gazzaley, A., Rissman, ., and D’Esposito, M. (2004). Functional connectivity
during working memory maintenance. Cogn. Affect. Behav. Neurosci. 4, 580-

599. doi: 10. 3758/CABN. 4. 4. 580

Germain, A. (2013). Sleep disturbances as the hallmark of PTSD: where are
we now? Am. J. Psychiatry 170, 372-382. doi: 10. 1176/appi. ajp. 2012.

12040432

Germain, A., Buysse, D. J., and Nofzinger, E. (2008). Sleep-specific
mechanisms underlying posttraumatic stress disorder: integrative review
and neurobiological hypotheses. Sleep Med. Rev. 12, 185-195. doi: 10.

1016/j. smrv. 2007. 09. 003

Goodenough, D. R., Lewis, H. B., Shapiro, A., Jaret, L., and Sleser, I|. (1965).
Dream reporting following abrupt and gradual awakenings from different

types of sleep. J. Pers. Soc. Psychol. 2, 170. doi: 10. 1037/h0022424

Gorgoni, M., Ferrara, M., D'Atri, A., Lauri, G., Scarpelli, S., Truglia, 1., et al.
(2015). EEG topography during sleep inertia upon awakening after a period
of increased homeostatic sleep pressure. Sleep Med. doi: 10. 1016/j. sleep.

2015. 03. 009 [Epub ahead of print].

Gottesmann, C. (2002). The neurochemistry of waking and sleeping mental
activity: the disinhibition-dopamine hypothesis. Psychiatry Clin. Neurosci. 56,

345-354. doi: 10. 1046/j. 1440-1819. 2002. 01022. x

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 34

Grady, C. L., MciIntosh, A. R., and Craik, F. I. M. (2003). Age-related
differences in the functional connectivity of the hippocampus during memory

encoding. Hippocampus 13, 572-586. doi: 10. 1002/hipo. 10114

Gruber, M., Watrous, A., Ekstrom, A., and Ranganath, C. (2013). Expected
reward modulates encoding-related theta activity before an event.

Neuroimage 64, 68-74. doi: 10. 1016/j. neuroimage. 2012. 07. 064

Guderian, S., and Duzel, E. (2005). Induced theta oscillations mediate large-
scale synchrony with mediotemporal areas during recollection in humans.

Hippocampus 15, 901-912. doi: 10. 1002/hipo. 20125

Guderian, S., Schott, B. H., Richardson-Klavehn, A., and Duzel, E. (2009).
Medial temporal theta state before an event predicts episodic encoding
success in humans. Proc. Natl. Acad. Sci. U. S. A. 106, 5365-5370. doi: 10.

1073/pnas. 0900289106

Hanslmayr, S., Staudigl, T., Aslan, A., and Bauml, K.-H. (2010). Theta
oscillations predict the detrimental effects of memory retrieval. Cogn. Affect.

Behav. Neurosci. 10, 329-338. doi: 10. 3758/CABN. 10. 3. 329

Hobson, J. A., and McCarley, R. W. (1977). The brain as a dream state
generator: an activation-synthesis hypothesis of the dream process. Am. /.

Psychiatry 134, 1335-1348. doi: 10. 1176/ajp. 134. 12. 1335

Hobson, J. A., Pace-Schott, E. F., and Stickgold, R. (2000). Dreaming and the
brain: toward a cognitive neuroscience of conscious states. Behav. Brain Sci.

23, 793-842. doi: 10. 1017/S0140525X00003976

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 35

Hong, C. C. H., Harris, J. C., Pearlson, G. D., Kim, J. S., Calhoun, V. D., Fallon,
J. H., et al. (2009). fMRI evidence for multisensory recruitment associated
with rapid eye movements during sleep. Hum. Brain Mapp. 30, 1705-1722.

doi: 10. 1002/hbm. 20635

Hsieh, L.-T., and Ranganath, C. (2014). Frontal midline theta oscillations
during working memory maintenance and episodic encoding and retrieval.

Neuroimage 85, 721-729. doi: 10. 1016/j. neuroimage. 2013. 08. 003

loannides, A., Kostopoulos, K., Liu, L., and Fenwick, P. (2009). MEG identifies
dorsal medial brain activations during sleep. Neuroimage 44, 455-468. doi:

10. 1016/j. neuroimage. 2008. 09. 030

Ishihara, T., and Yoshi, N. (1972). Multivariate analytic study of EEG and
mental activity in juvenile delinquents. Electroencephalogr. Clin.

Neurophysiol. 33, 71-80. doi: 10. 1016/0013-4694(72)90026-0

Ishii, R., Shinosaki, K., Ukai, S., Inouye, T., Ishihara, T., Yoshimine, T., et al.
(1999). Medial prefrontal cortex generates frontal midline theta rhythm.

Neuroimage 10, 675-679. doi: 10. 1097/00001756-199903170-00003

Jensen, O., and Tesche, C. D. (2002). Frontal theta activity in humans
increases with memory load in a working memory task. Eur. J. Neurosci. 15,

1395-1399. doi: 10. 1046/j. 1460-9568. 2002. 01975. x

Kahana, M. J., Seelig, D., and Madsen, J. R. (2001). Theta returns. Curr. Opin.

Neurobiol. 11, 739-744. doi: 10. 1016/50959-4388(01)00278-1

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 36

Kahana, M. J., Sekuler, R., Caplan, J. B., Kirschen, M., and Madsen, J. R.
(1999). Human theta oscillations exhibit task dependence during virtual

maze navigation. Nature 399, 781-784. doi: 10. 1038/21645

Khader, P. H., and Roésler, F. (2011). EEG power changes reflect distinct
mechanisms during long-term memory retrieval. Psychophysiology 48, 362-

369. doi: 10. 1111/j. 1469-8986. 2010. 01063. x

Klimesch, W. (1996). Memory processes, brain oscillations and EEG
synchronization. Int. J. Psychophysiol. 24, 61-100. doi: 10. 1016/S0167-

8760(96)00057-8

Klimesch, W. (1999). EEG alpha and theta oscillations reflect cognitive and
memory performance: a review and analysis. Brain Res. Rev. 29, 169-195.

doi: 10. 1016/50165-0173(98)00056-3

Klimesch, W., Doppelmayr, M., Russegger, H., and Pachinger, T. (1996).
Theta band power in the human scalp EEG and the encoding of new
information. Neuroimage 7, 1235-1240. doi: 10. 1097/00001756-199605170-

00002

Klimesch, W., Doppelmayr, M., Schimke, H., and Ripper, B. (1997). Theta
synchronization and alpha desynchronization in a memory task.

Psychophysiology 34, 169-176. doi: 10. 1111/j. 1469-8986. 1997. tb02128. x

Klimesch, W., Doppelmayr, M., Schwaiger, J., Winkler, T., and Gruber, W.

(2000). Theta oscillations and the ERP old/new effect: independent

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 37

phenomena? Clin. Neurophysiol. 111, 781-793. doi: 10. 1016/S1388-

2457(00)00254-6

Klimesch, W., Doppelmayr, M., Stadler, W., Péllhuber, D., Sauseng, P., and
Roehm, D. (2001). Episodic retrieval is reflected by a process specific
increase in human electroencephalographic theta activity. Neurosci. Lett.

302, 49-52. doi: 10. 1016/50304-3940(01)01656-1

Klimesch, W., Hanslmayr, S., Sauseng, P., Gruber, W., Brozinsky, C. J., Kroll,
N. E. A., et al. (2006). Oscillatory EEG correlates of episodic trace decay.

Cereb. Cortex 16, 280-290. doi: 10. 1093/cercor/bhil07

Koulack, D., and Goodenough, D. R. (1976). Dream recall and dream recall
failure: an arousal-retrieval model. Psychol. Bull. 83, 975. doi: 10.

1037/0033-2909. 83. 5. 975

Kramer, M., McQuarrie, E., and Bonnet, M. (1980). Dream differences as a

function of REM period position. S/eep Res. 9, 155.

Kubota, Y., Sato, W., Toichi, M., Murai, T., Okada, T., Hayashi, A., et al.
(2001). Frontal midline theta rhythm is correlated with cardiac autonomic
activities during the performance of an attention demanding meditation
procedure. Cogn. Brain Res. 11, 281-287. doi: 10. 1016/50926-

6410(00)00086-0

Lega, B. C,, Jacobs, J., and Kahana, M. (2012). Human hippocampal theta
oscillations and the formation of episodic memories. Hippocampus 22, 748-

761. doi: 10. 1002/hipo. 20937

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 38

Lovblad, K. O., Thomas, R., Jakob, P. M., Scammell, T., Bassetti, C., Griswold,
M., et al. (1999). Silent functional magnetic resonance imaging demonstrates
focal activation in rapid eye movement sleep. Neurology 53, 2193-2193. doi:

10. 1212/WNL. 53. 9. 2193

Maquet, P. (2000). Functional neuroimaging of normal human sleep by
positron emission tomography. /. Sleep Res. 9, 207-231. doi: 10. 1046/j.

1365-2869. 2000. 00214. x

Maquet, P., Péters, ). M., Aerts, J., Delfiore, G., Degueldre, C., Luxen, A., et al.
(1996). Functional neuroanatomy of human rapid eye movement sleep and

dreaming. Nature 383, 163-166. doi: 10. 1038/383163a0

Maquet, P., Ruby, P., Maudoux, A., Albouy, G., Sterpenich, V., Dang Vu, T., et
al. (2005). Human cognition during REM sleep and the activity profile within
frontal and parietal cortices: a reappraisal of functional neuroimaging data.

Prog. Brain Res. 150, 219-227. doi: 10. 1016/50079-6123(05)50016-5

Marzano, C., Ferrara, M., Curcio, G., and De Gennaro, L. (2010). The effects
of sleep deprivation in humans: topographical EEG changes in NREM vs. REM

sleep. J. Sleep Res. 19, 260-268. doi: 10. 1111/j. 1365-2869. 2009. 00776. X

Marzano, C., Ferrara, M., Mauro, F., Moroni, F., Gorgoni, M., Tempesta, D., et
al. (2011). Recalling and forgetting dreams: theta and alpha oscillations
during sleep predict subsequent dream recall. J. Neurosci. 31, 6674-6683.

doi: 10. 1523/JNEUROSCI. 0412-11. 2011

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 39

Marzano, C., Fratello, F., Moroni, F., Pellicciari, M. C., Curcio, G., Ferrara, M.,
et al. (2007). Slow eye movements and subjective estimates of sleepiness

predict EEG power changes during sleep deprivation. S/eep 30, 610-616.

Mason, M., Norton, M., Van Horn, J., Wenger, D., Grafton, S., and Macrae, N.
(2007). Wandering minds: the default network and stimulus-independent

thought. Science 315, 393-395. doi: 10. 1126/science. 1131295

Miller, R. (1991). Cortico-Hippocampal Interplay and the Representation of

Contexts in the Brain . Berlin: Springer.

Mitchell, D. J., McNaughton, N., Flanagan, D., and Kirk, I. J. (2008). Frontal-
midline theta from the perspective of hippocampal “ theta”. Prog. Neurobiol.

86, 156-185. doi: 10. 1016/j. pneurobio. 2008. 09. 005

Molle, M., Marshall, L., Fehm, H. L., and Born, J. (2002). EEG theta
synchronization conjoined with alpha desynchronization indicate intentional
encoding. Eur. J. Neurosci. 15, 923-928. doi: 10. 1046/j. 1460-9568. 2002.

01921. x

Monroe, L. J., Rechtschaffen, A., Foulkes, D., and Jensen, J. (1965).
Discriminability of REM and NREM reports. J. Pers. Soc. Psychol. 2, 456-460.

doi: 10. 1037/h0022218

Murri, L., Massetani, R., Siciliano, G., and Arena, R. (1985). Dream recall after

sleep interruption in brain-injured patients. Sleep 8, 356-362.

Nausieda, P. A., Weiner, W. J., Kaplan, L. R., Weber, S., and Klawans, H. L.

(1982). Sleep disruption in the course of chronic levodopa therapy: an early

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 40

feature of the levodopa psychosis. Clin. Neuropharmacol. 5, 183-194. doi:

10. 1097/00002826-198205020-00003

Nee, D. E., and Jonides, J. (2008). Neural correlates of access to short-term
memory. Proc. Natl. Acad. Sci. U. S. A. 105, 14228-14233. doi: 10.

1073/pnas. 0802081105

Niedermeyer, E., and Lopes da Silva, F. H. (1993). Electroencephalography:
Basic Principles, Clinical Applications, and Related Fields . Baltimore:

Williams and Wilkins.

Nielsen, T. (2000). A review of mentation in REM and NREM sleep: covert
REM sleep as a possible reconciliation of two opposing models. Behav. Brain

Sci. 23, 851-866. doi: 10. 1017/S0140525X0000399X

Nielsen, T. (2004). Chronobiological features of dream production. Sleep

Med. Rev. 8, 403-424. doi: 10. 1016/j. smrv. 2004. 06. 005

Nielsen, T. (2010). Nightmares associated with the eveningness chronotype.

J. Biol. Rhythms 25, 53-62. doi: 10. 1177/0748730409351677

Nir, Y., and Tononi, G. (2010). Dreaming and the brain: from phenomenology
to neurophysiology. Trends Cogn. Sci. 14, 88-100. doi: 10. 1016/j. tics. 2009.

12. 001

Nishida, M., Hirai, N., Miwakeichi, F., Maehara, T., Kawai, K., Shimizu, H., et
al. (2004). Theta oscillation in the human anterior cingulate cortex during all-
night sleep: an electrocorticographic study. Neurosci. Res. 50, 331-341. doi:

10. 1016/j. neures. 2004. 08. 004

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 41

Nishida, M., Pearsall, J., Buckner, R. L., and Walker, M. P. (2009). REM sleep,
prefrontal theta, and the consolidation of human emotional memory. Cereb.

Cortex 19, 1158-1166. doi: 10. 1093/cercor/bhn155

Nofzinger, E. A., Mintun, M. A., Wiseman, M., Kupfer, D. J., and Moore, R. Y.
(1997). Forebrain activation in REM sleep: an FDG PET study. Brain Res. 770,

192-201. doi: 10. 1016/S0006-8993(97)00807-X

Norman, K. A., Newman, E. L., and Detre, G. (2007). A neural network model
of retrieval-induced forgetting. Psychol. Rev. 114, 887-953. doi: 10.

1037/0033-295X. 114. 4. 887

Nyhus, E., and Curran, T. (2010). Functional role of gamma and theta
oscillations in episodic memory. Neurosci. Biobehav. Rev. 34, 1023-1035.

doi: 10. 1016/j. neubiorev. 2009. 12. 014

Osipova, D., Takashima, A., Oostenveld, R., Fernandez, G., Maris, E., and
Jensen, O. (2006). Theta and gamma oscillations predict encoding and
retrieval of declarative memory. J. Neurosci. 26, 7523-7531. doi: 10.

1523/INEUROSCI. 1948-06. 2006

Paller, K. A., and Wagner, A. D. (2002). Observing the transformation of
experience into memory. Trends Cogn. 5ci. 6, 93-102. doi: 10. 1016/S1364-

6613(00)01845-3

Partridge, M. (1950). Pre-Frontal Leucotomy: A Survey of 300 Cases

Personally Followed for 1-3 Years . Oxford: Blackwell.

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 42

Pastotter, B., and Bauml, K. H. T. (2014). Distinct slow and fast cortical theta
dynamics in episodic memory retrieval. Neuroimage 94, 155-161. doi: 10.

1016/j. neuroimage. 2014. 03. 002

Peigneux, P., Laureys, S., Fuchs, S., Delbeuck, X., Degueldre, C., Aerts, J., et
al. (2001). Generation of rapid eye movements during paradoxical sleep in

humans. Neuroimage 14, 701-708. doi: 10. 1006/nimg. 2001. 0874

Petit, L., Courtney, S. M., Ungerleider, L. G., and Haxby, J. V. (1998).
Sustained activity in the medial wall during working memory delays. J.

Neurosci. 18, 9429-9437.

Raghavachari, S., Kahana, M. J., Rizzuto, D., Caplan, J., Kirschen, M.,
Bourgeois, B., et al. (2001). Gating of human theta oscillations by a working

memory task. J. Neurosci. 21, 3175-3183.

Rechtschaffen, A., Verdone, P., and Wheaton, J. (1963). Reports of mental

activity during sleep. Can. Psychiatr. Assoc. J. 257, 409-414.

Ross, R. J., Ball, W. A., Sullivan, K. A., and Caroff, S. N. (1989). Sleep
disturbance as the hallmark of posttraumatic stress disorder. Am. J.

Psychiatry 146, 697-707. doi: 10. 1176/ajp. 146. 1. 128-a

Rowe, J. B., Toni, I., Josephs, O., Frackowiak, R. S., and Passingham, R. E.
(2000). The prefrontal cortex: response selection or maintenance within
working memory? Science 288, 1656-1660. doi: 10. 1126/science. 288.

5471. 1656

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 43

Ruby, P., Blochet, C., Eichenlaub, J. B., Bertrand, O., Morlet, D., and Bidet-
Caulet, A. (2013). Alpha reactivity to first names differs in subjects with high
and low dream recall frequency. Front. Psychol. 4: 419. doi: 10. 3389/fpsyg.

2013. 00419

Rutishauser, U., Ross, I. B., Mamelak, A. N., and Schuman, E. M. (2010).
Human memory strength is predicted by theta-frequency phase-locking of

single neurons. Nature 464, 903-907. doi: 10. 1038/nature08860

Scarpelli, S., Marzano, C., D’Atri, A., Gorgoni, M., Ferrara, M., and De
Gennaro, L. (2014). Correlati EEG del ricordo onirico: relazione di stato o di
tratto? [EEG correlates of dream recall: a state- or trait-like relation?], XXIV
Congresso Nazionale Associazione Italiana di Medicina del Sonno (A. I. M. S.)

Pisa, 5-7 November, p. 20.

Scharf, B., Moskowitz, C., Lupton, M., and Klawans, H. (1978). Dream
phenomena induced by chronic Levodopa therapy. J. Neural. Transm. 43,

143-151. doi: 10. 1007/BF01579073

Schredl, M. (2003). Continuity between waking and dreaming: a proposal for

a mathematical model. S/leep Hypn. 5, 26-40.

Schredl, M. (2009). Dreams in patients with sleep disorders. Sleep Med. Rev.

13, 215-221. doi: 10. 1016/j. smrv. 2008. 06. 002

Schwartz, S., and Maquet, P. (2002). Sleep imaging and the
neuropsychological assessment of dreams. Trends Cogn. 6, 23-30. doi: 10.

1016/51364-6613(00)01818-0

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 44

Sederberg, P. B., Kahana, M. J., Howard, M. W., Donner, E. J., and Madsen, J.
R. (2003). Theta and gamma oscillations during encoding predict subsequent

recall. /. Neurosci. 23, 10809-10814.

Shin, L. M., Rauch, S. L., and Pitman, R. K. (2006). Amygdala, medial
prefrontal cortex, and hippocampal function in PTSD. Ann. N. Y. Acad. Sci.

1071, 67-79. doi: 10. 1196/annals. 1364. 007

Siegel, J. M. (2001). The REM sleep-memory consolidation hypothesis.

Science 294, 1058-1063. doi: 10. 1126/science. 1063049

Smallwood, J., and Schooler, J. (2006). The restless mind. Psychol. Bull. 132,

946-958. doi: 10. 1037/0033-2909. 132. 6. 946

Smith, E. E., and Jonides, J. (1999). Storage and executive processes in the
frontal lobes. Science 283, 1657-1661. doi: 10. 1126/science. 283. 5408.

1657

Solms, M. (1997). The Neuropsychology of Dreams: A Clinico-Anatomical

Study . Hillsdale: Erlbaum.

Solms, M. (2000). Dreaming and REM sleep are controlled by different brain
mechanisms. Behav. Brain Sci. 2, 843-850. doi: 10.

1017/S0140525X00003988

Staudigl, T., Hanslmayr, S., and Bauml, K. H. T. (2010). Theta oscillations
reflect the dynamics of interference in episodic memory retrieval. /.

Neurosci. 30, 11356-11362. doi: 10. 1523/JNEUROSCI. 0637-10. 2010

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 45

Stickgold, R., Pace-Schott, E. F., and Hobson, J. A. (1994). A new paradigm for
dream research: mentation reports following spontaneous arousal from REM
and NREM sleep recorded in a home setting. Conscious. Cogn. 3, 16-29. doi:

10. 1006/ccog. 1994. 1002

Takahashi, N., Shinomiya, S., Mori, D., and Tachibana, S. (1997). Frontal
midline theta rhythm in young healthy adults. Clin. Electroencephalogr. 28,

49-54. doi: 10. 1177/155005949702800109

Takeuchi, T., Ogilvie, R. D., Murphy, T. I|., and Ferrelli, A. V. (2003). EEG
activities during elicited sleep onset REM and NREM periods reflect different
mechanisms of dream generation. Clin. Neurophysiol. 114, 210-220. doi: 10.

1016/51388-2457(02)00385-1

Tinguely, G., Finelli, L. A., Landolt, H. P., Borbély, A. A., and Achermann, P.
(2006). Functional EEG topography in sleep and waking: state-dependent
and state-independent features. Neuroimage 32, 283-292. doi: 10. 1016/j.

neuroimage. 2006. 03. 017

Tulving, E. (2002). Episodic memory: from mind to brain. Annu. Rev. Psychol.

53, 1-25. doi: 10. 1146/annurev. psych. 53. 100901. 135114

Waterman, D., Elton, M., and Kenemans, J. L. (1993). Methodological issues
affecting the collection of dreams. /. Sleep Res. 2, 8-12. doi: 10. 1111/j.

1365-2869. 1993. tb00053. x

Wehrle, R., Czisch, M., Kaufmann, C., Wetter, T. C., Holsboer, F., Auer, D. P.,

et al. (2005). Rapid eye movement related brain activation in human sleep: a

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



Eeg oscillations during sleep and dream ... - Paper Example Page 46

functional magnetic resonance imaging study. Neuroreport 16, 853-857. doi:

10. 1097/00001756-200505310-00015

Wehrle, R., Kaufmann, C., Wetter, T. C., Holsboer, F., Auer, D. P., Polimacher,
T., et al. (2007). Functional microstates within human REM sleep: first
evidence from fMRI of a thalamocortical network specific for phasic REM
periods. Eur. J. Neurosci. 25, 863-871. doi: 10. 1111/j. 1460-9568. 2007.

05314. x

White, T., Jansen, M., Doege, K., Mullinger, K. J., Park, S. B., Liddle, E. B., et
al. (2013). Theta power during encoding predicts subsequent memory
performance and default mode network deactivation. Hum. Brain Mapp. 34,

2929-2943. doi: 10. 1002/hbm. 22114

Zimmerman, W. B. (1970). Sleep mentation and auditory awakening
thresholds. Psychophysiology 6, 540-549. doi: 10. 1111/j. 1469-8986. 1970.

tb02243. x

https://assignbuster.com/eeg-oscillations-during-sleep-and-dream-recall-
state-or-trait-like-individual-differences/



	Eeg oscillations during sleep and dream recall: state- or trait-like individual d...
	Introduction
	Theta Brain Oscillations Involved in Episodic Memory During Wakefulness
	Neurobiological Approach to Dream Recall
	Neuropsychological Findings
	EEG Brain Oscillations Involved in Mental Activity During Sleep

	State- or Trait-Like Differences?
	Concluding Remarks
	Author Contributions
	Conflict of Interest Statement
	Acknowledgment
	References


