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Abstract 

 
 
The latest experimental results support that multiple retinotopic visual systems play a central 

role not only in the processing of visual signals but also in the integration and processing of 

internally represented auditory and tactile information. These retinotopic maps have access to 

higher levels of cognitive processing, performed by the frontal lobes, for example. The 

occipital cortex may have a special role in multisensory integration. There is a functional 

basis for the development and maturation of visual memory in association of rapid eye 

movement sleep (REMS) which is linked to dreams and visual imagery. Physiological and 

psychological processes of REMS are similar to waking visual imagery. Furthermore, visual 

imagery during REMS utilizes a common visual neural pathway similar to that used in 

wakefulness and during dreams expressed during REMS.  This pathway subserves visual 

processes accompanied with auditory experiences and intrinsic feelings. We argue that the 

activation of the retinotopic visual areas is central to REM sleep associated dreams and that 

REMS associated dreaming and visual imagery may have co-evolved in homeothermic 

animals during evolution. We also suggest that protoconscious state during REM sleep, as 

introduced by Hobson many years ago, may be a basic visual process. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 



 3 

Introduction 

It is well known that numerous retinotopic visual pathways are activated during visual 

perception and imagery. We argue and propose that such a pathway is retraced during visual 

component of dreams associated to REMS (rapid eye movement sleep) in particular. We also 

propose that activation of visual areas, V1 in particular, may play a central role in processing 

and integrating internally represented information with higher level of cognitive processes.  

Our arguments support the broad notion that essentially the development and 

maturation of visual system and visual memory have co-evolved in association with REMS 

associated visual dreams and associated with REMs (rapid eye movements). We also point 

out that protoconscious state during REM sleep, proposed by Hobson, may be essentially a 

visual process. 

Additionally, we think, that consequent upon development of vivid replay of visuals 

(dreams) during sleep, the atonia of the antigravity muscles associated to REMS has followed 

the development of REMs in evolution to provide protection from physical injury to the 

dreamer at least.  

Finally, we dispute that while children and people are watching TV their eye 

movement variability is significantly reduced (gaze), which can increase the latency of 

subliminal visual representation in visual areas and which may increase the appearance of 

colors in REM dream pictures. 

  

Brief description of neural basis of REMS regulation 

The group led by Hobson (Hobson, McCarley, & Wyzinski, 1975; McCarley & 

Hobson, 1971) first proposed the existence of reciprocal inhibitory interactions between 

monoaminergic REM-OFF and cholinergic REM-ON neurons in the pontine brainstem for the 

regulation of REMS (reviewed by Pal & Mallick, 2007). However, this idea of direct inputs 

from the cholinergic REM-ON neurons on to the adrenergic REM-OFF neurons was 

questioned because acetylcholine did not inhibit the latter (Egan & North, 1985; Mallick, 

Kaur, & Saxena, 2001). Mallick’s group finally showed the involvement of GABA in 

inhibiting the REM-OFF neurons for the generation of REMS (Mallick, Kaur, & Saxena, 

2001; Jha & Mallick, 2011). Pal, Madan, and Mallick (2005) have proposed that cessation of 

REM-OFF neurons is a pre-requisite for REMS regulation. In addition, REMS may be 

controlled by several means including activation of kainate receptors in the brain stem 
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pedunculopontine tegmentum (PPT) of the cat and rat (Datta, 2000) and modulation of 

pontine nucleus oralis (Lydic, Douglas, & Baghdoyan, 2002).   

On the other hand, aminergic and GABA-ergic modulation of cholinergic REM-ON 

neurons in the PPT and their interactions have been shown in recent years (Pal & Mallick, 

2006; Pal & Mallick, 2009). Notwithstanding, these REMS related neurons may be modulated 

by several regions in the brain including wakefulness as well as non-REMS generating areas 

in the brainstem and in the basal forebrain using varieties of neurotransmitters including 

serotonin, noradrenalin, acetylcholine, GABA, glutamate, orexin and so on, which have been 

reviewed and discussed in detail recently (Saper et al., 2010; Lu, Sherman, Devor, & Saper, 

2006; Mallick, Pandi-Perumal, McCarley, & Morrison, 2011). Based on current knowledge, 

Figure 1a shows the REM sleep initiation via activation of brain stem processes. 

 
Retinotopic visual representation 

About 90% of the fibers from the optic tract reach the visual cortex via the retinotopic 

lateral geniculate nucleus (LGN) whereas, the rest about 10% of the fibers project to the 

retinotopic superior colliculus and pretectal areas (Chan et al., 2011; Chen, Zhu, Thulborn, & 

Ugurbil, 1999). In the visual system there are many retinotopically organized areas such as 

V1 (striate), V2, V3, V4, V5/MT+, V7, V8, VO, LO1, and LO2 (Larsson & Heeger, 2006; 

Gardner, Merriam, Movshon, & Heeger, 2008). Recently, Slotnick (2010) provided evidence 

for the existence of retinotopic areas in frontal- and parietal- cortex during spatial attention 

and working memory. In addition, retinotopic fMRI activity was localized in the frontal 

cortex eye fields (Slotnick, 2010). These retinotopic visual projections are likely to perform 

some important function during visual perception and imagery which is reenacted during 

visual component of dreams associated to REMS in particular.   

According to Slotnick (2010), “The existence of retinotopic maps in higher cortical 

regions, particularly in the frontal cortex, during spatial attention and working memory, 

challenges the long held view that only visual sensory regions have retinotopic organization 

and suggests other tasks might also produce comparable retinotopic maps in frontal- and 

parietal- cortex.” 

Based on their recent fMRI results Golomb and Kanwisher (2011) state that “..despite 

our subjective impression that visual information is spatiotopic, even in higher level visual 

cortex, object location continues to be represented in retinotopic coordinates”. They also 

argued that there is a no explicit, hard-wired spatiotopic representation in the brain and the 
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spatiotopic object position can be computed not directly and continually reconstructed by 

each eye movement.  

 

Special role of the occipital cortex in the multisensory integration 

Traditionally, perception has been considered as a modular function with different 

sensory modalities operating basically as independent process and multisensory integration 

have been assigned to higher-order brain areas (Jones & Powell, 1970). However, recent 

experiments provided evidence that visual, auditory and somatosensory integrations occur 

concurrently at several levels along brain pathways (Giard & Peronnet, 1999; Macaluso & 

Frith, 2000; Calvert, Spence, & Stein, 2004; Budinger, Heil, Hess, & Scheich, 2006). 

According to Vasconcelos et al. (2011), “Neurons with cross-modal responses in primary 

sensory areas probably act as information hubs that regulate multisensory cortical 

recruitment under various regimes of sensory stimulation”. This view may be strongly 

supported by the latest findings that many visual areas including V1 can be activated by 

tactile and auditory inputs in blind as well as individuals with normal-vision (Calvert, Spence, 

& Stein, 2004; Burton, Sinclair, & McLaren, 2004; Voss et al., 2008). Muckli (2010), in his 

recent review, based on latest fMRI findings claimed that V1 region could be involved in 

higher cognitive functions. These findings support the notion that activation of visual areas 

may play a fundamental role in processing of visual, auditory and tactile information that are 

linked to higher level of cognitive functions and the visual experiences are most common 

fundamental property associated to dream (Nir & Tononi, 2010). Therefore, we argue that the 

visual activation of retinotopic areas is likely to be a fundamental associated factor for 

dreaming. 

 

Activation of retinotopic V1 area during visual imagery and dreams associated to REMS 

There is a long-standing dispute in cognitive science regarding visual imagery 

between Kosslyn’s pictorial theory (1994) and Pylyshyn’s (2003) tacit knowledge 

explanation. Kosslyn’s pictorial concept argues that visual mental imagery exploits top-down 

neural pathways to generate visual imagery in the retinotopic striate and extrastriate parts. The 

visual system processes these representations as if they were visual percepts. Pylyshyn 

claimed (2003) that the activation of early visual areas is an epiphenomena during visual 

mental imagery. Namely, mental imagery may be explained by language-like representations 

and reduced to the tacit knowledge used in general thinking. Explicitly, we represent objects 
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more abstractly in a symbolic/propositional format compared with the analog or depictive 

format suggested by pictorial theory. Notwithstanding, although increasing evidence indicates 

that visual perception and imagery share very similar neural substrates, and that both visual 

perception and imagery induce activation in retinotopically organized striate and extrastriate 

areas (Cichy, Heinzle, & Haynes, 2011; Broggin, Savazzi, & Marzi, 2011; Lewis, Borst, & 

Kosslyn, 2011; Stokes, Thompson, Cusack, & Duncan, 2009), the imagery dispute is still 

unsolved. 

Visual cortex has been reported to be activated during REMS, however, there are 

some inconsistencies among the findings in the literature about whether there is activation of 

V1 during REMS (Braun et al., 1998; Peigneux et al., 2001; Igawa et al., 2001). The 

controversy about the activation of V1 during REMS associated dreams may be due to 

difference in tasks, baseline conditions and methods of analysis used in various studies. 

However, REMS visual imagery uses very similar neural systems as those used in 

wakefulness (Nir & Tononi, 2010; Sprenger et al., 2010). Nevertheless, recent event-related 

fMRI showed activation of V1 during REMS (Hong et al., 2009; Miyauchi et al., 2009) and 

the findings that REMS associated visual imagery uses very similar neural systems as those 

used in wakefulness (Nir & Tononi, 2010; Sprenger et al., 2010) support our contention. 

 

Visual imagery and visual REM dream without V1? 

It is well known that early visual stimulation, during critical period, is essential for 

normal development of visual function and imagery as well as for visual REM dream 

(Kozma, Kovács, & Benedek, 2001).  

One may argue, for example, that subjects with lesions in the visual association cortex 

experience loss of visual imagery during dreams and loss of capacity to conjure up visual 

imagery in the awake state (Solms, 1995; 1997), but patients with lesions in the striate cortex 

have reported to preserve visual imagery in dreams and wakefulness (Stoerig, 2001; Kleiser et 

al., 2001; Silvanto & Rees, 2011; Bridge et al., 2011).  However, we should emphasize that 

our presented notions in this paper are related to normal healthy subjects with intact V1 and 

not to the many exceptional subjects with very diverse V1 damages, lesions, excisions, and 

malfunctions, which still need confirmation. 

In addition, it is possible that it is not the most important issue if V1 can be activated 

during visual imagery or during visual REM dream, because in exceptional V1 cases, there 

are many possible mechanisms bypassing or helping V1 such as compensation, neural 
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reorganization, preserved “islands” in V1 (geniculostriate visual pathway), projections to the 

superior colliculus and pulvinar that can provide indirect visual input to the extrastriate areas 

(retinotectal visual pathway) (Fendrich, Wessinger, & Gazzaniga, 1992; Danckert & Rossetti, 

2005), and at present still unknown V1 bypassing visual pathways. 

 

The retinotopic superior colliculus and the pretectum may be important in determining 

the onset of NREMS, REMS, and wakefulness in mammals  

The optic tectum (or tectum) is a paired structure that is one of the major components 

of the vertebrate midbrain. In mammals, optic tectum is usually called the superior colliculus 

(SC). The SC is a subcortical laminar structure in the mammalian midbrain that projects to 

numerous brain regions, including periaqueductal gray, thalamus, cortex, brainstem and spinal 

cord (Albers, 1990). As a result, the midbrain tectum is in a key position to initiate behavioral 

responses to sensory stimuli. The SC performs complex multisensory integrations (Alvarado 

et al., 2009) and transforms both visual and non-visual sensory signals into motor commands 

that control orienting behaviors. The upper layers of the SC are visual and in the deeper layers 

most of the cells respond to combinations of visual, auditory and tactile stimuli. Its superficial 

layers obtain visual signals from the retina in the precise retinotopic/topological manner 

(Chan et al., 2011). The single major afferents to the SC are visual, which however, originate 

from two sources one from the retina and the other from the V1; interestingly both the retina 

and the retinotopic SC project to the retinotopic LGN.   

 

The eyes scan dream images during REMS 

It has been proposed that the visuals (images) during the dream stage possibly 

originate from long-term visual memories following the pathway, which helped visual 

information processing, however, in a reverse order than that of image processing for memory 

formation (Cantero, Atienza, Salas, & Gómez, 1999; Ogawa, Nittono, & Hori, 2006). 

According to Braun et al. (1998), the brain mechanisms underlying REMS are visual 

association cortices and their paralimbic projections, operating as a closed system dissociated 

from the regions of the visual hierarchy, which mediate interactions with the external world. 

During REMS associated dreams appearance of REMs may reflect replaying visual 

information (Leclair-Visonneau et al., 2010). This relationship between the REMs and dream 

imagery of REMS has been known as the scanning hypothesis (Eiser, 2005).  

Recently, Hong et al. (2009) confirmed the REM-locked activation in the striate 

cortices. According to Hong et al. (2009), “Our findings suggest that the sharing in waking 
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and dreaming goes beyond the expected visual scanning mechanism; it extends to the 

distributed sensory-perceptual processing of the visual information obtained by the scanning. 

These findings are consistent with the revised scanning hypothesis which implies that REMs 

are visually targeted saccades and proposes that REMs scan what we ‘see’ when dreaming”.  

Solms writes (2007) in a recent book: “The prevailing view is that imagery of all kinds 

(including dream imagery) is generated by `projecting information backward in the system' 

(Kosslyn, 1994, p. 75). Accordingly, dreaming is conceptualized as `internally generated 

images which are fed backwards into the cortex as if they were coming from the outside'      

(Zeki, 1993, p. 326).”  

According to Dement and Kleitman (1957), the REMs during REMS are binocularly 

synchronous and are similar to waking fixational eye movements. The differences in the eye 

movements during REMS and wakefulness (Aserinsky et al., 1985), suggest that their neural 

mechanism(s) of generation may be different. 

However, REM-associated activation of the SC suggests that REMs are visually 

targeted (Leigh & Zee, 2006). In addition, precise retinotopic upper layers in the SC may be 

necessary to scan intrinsic visual dream images because visual dream images are also 

emerged in retinotopic visual areas during REMs. 

 

The PGO waves 

The PGO waves appear seconds before and during REMS. These waves are phasic 

neural electrical bursts that start in the pons and progress to the LGN and terminate in the V1.  

Recently, Miyauchi et al. (2009) presented evidence for the existence of PGO waves in 

human REMS and demonstrated that activity in the pontine tegmentum, ventroposterior 

thalamus, and V1 took place in the few seconds prior to REM saccades. They proposed that 

REM saccades may be in response to PGO-initiated dreamed visual imagery, because V1 

activation is arisen some seconds before REM saccades. It seems that one of the most 

important events during REMS is activation of retinotopic visual areas and REMS associated 

dreams are primarily accompanied with visual replay (Hobson, 1988).   

 

Activation of retinotopic areas as a central function of REMS associated with dream 

Dream reports include various sensations across different sensory modalities. 

According to dream reports the most common sensory modality experienced during dreams is 

vision. Practically all dreams invariably contain at least one visual component, audition is 

associated with 40–60% of dreams, movements and tactile sensations appears with 15–30% of 
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dreams, while smell and taste are hardly associated with dreams (1%) (Calkins, 1893; 

Strauch, Meier, & Foulkes, 1996). So, dreams expressed during REMS are first and foremost 

intrinsic visual processes accompanied with intrinsic auditory experiences and intrinsic 

feelings (Nir & Tononi, 2010), and all these intrinsic experiences originate from the long-term 

memories.  

It seems that visual imagery during REMS utilizes, to a certain extent, common visual 

neural pathway as those used in wakefulness (Cantero, Atienza, Salas, & Gómez, 2000; Hong 

et al., 1995; Nir & Tononi, 2010). However, complex retinotopic visual can serve some 

special function not only during visual perception and imagery but also during REMS 

associated visual dreams. Since, it appears that numerous retinotopic visual areas are activated 

during REMS (Igawa et al., 2001; Peigneux et al., 2001; Hong et al., 2009; Miyauchi et al., 

2009), it suggests that one of the major aims of REMS is to activate visual imagery directed 

via subconscious processes. Based on present knowledge, the neuro-anatomo-chemical 

substrates in the brain for activation of REMS-associated expression of visual imagery may be 

supported by the diagram shown in Figure 1a and 1b.   
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Figure 1. a. REM sleep initiation via activation of brain stem processes.  

b. The activation of retinotopic areas as a central function of REM dream. 
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Pedunculopontine nucleus 
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Kubota et al. (2011) reported that activation of the dorsolateral prefrontal cortex 

closely coincided with the onset of the REMS. The authors suggested that this can play a role 

in cognitive processes associated to REMS at least in humans. Recent findings from fMRI 

experiments proved that not only extrastriate but also primary visual cortex (V1) can be 

activated in relation to REMS (Hong et al., 2009; Miyauchi et al., 2009). In addition, Muckli 

(2010) based on latest fMRI findings suggested that V1 can be involved in higher cognitive 

functions. Because both the low level V1 and higher prefrontal areas may perform higher 

cognitive functions, and there are retinotopic areas not only in V1 and in extrastriate areas but 

also some retinotopic areas in the prefrontal cortex (Muckli, 2010; Slotnick, 2010), it is 

plausible that higher level retinotopic areas cooperate with lower level retinotopic visual 

activity.  

During postnatal critical period in the development of the visual system, external 

sensory signal robustly affect the maturation of synaptic connectivity. Latest experiments by 

Shaffery et al. (2012) support that both endogenous REMS-generated activation of the visual 

system and exogenous sensory stimulation of visual system are necessary for normal 

termination of critical period synaptic plasticity.  

The visual cortex in normal-sighted persons can also be activated by auditory signals 

or during tactile discrimination tasks. Hall and Lomber (2008) recently identified direct 

projections from tonotopically organized auditory cortex to the retinotopic visual V1 and V2 

in adult cats.  

All these together may imply that retinotopic visual areas play fundamental roles in the 

multisensory integration. Since the visual imagery and visual dreams originate from the long-

term visual memory, activated visual retinotopic areas in association with visual REMS may 

also play a central role in processing and integration of represented visual, auditory and tactile 

information, while these are linked to superior level cortical functions.  

 

Superior colliculus may play an essential role in integrating as well as reviewing the visual 

information and the generation of PGO waves in REMS 

In a few non-mammalian vertebrates, for example, fish and birds, the tectum is one of 

the largest areas in the brain. In mammals (particularly in primates) the substantial expansion 

of the cerebral cortex may be linked to significant decrease in the size of the tectum, the seat 

of SC. Although the size of the tectum decreased along with evolution, the SC retained 
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several functions. Therefore, in higher species it possibly acquired new roles including 

multisensory integration (Alvarado et al., 2009) for example and visual information 

processing is most important function of this area. The visual system, particularly the 

retinotopic SC-circuit (Chan et al., 2011), is intensely activated during REMS (Cohen & 

Castro-Alamancos, 2010), and all dreams essentially have visual experiences (Nir & Tononi, 

2010).  

Sprenger et al. (2010) recently studied kinematic parameters of REMs during REMS 

and suggested that REMs may be related to exploratory saccadic behavior during awake to 

remember visual stimuli. They also mentioned that “..we cannot exclude that the oculomotor 

system and the PGO wave system are activated in parallel inducing simultaneous eye 

movements and limbic and cortical activations”. In addition, Miller, Obermeyer, Behan, and 

Benca (1998) proposed that the (retinotopic) pretectum and the (retinotopic) SC may be 

important in determining the onset of NREMS, REMS and wakefulness in mammals. 

Based on the findings mentioned above, especially with reference to SC, it is possible 

that it plays an essential role in integrating as well as reviewing the visual information and the 

generation of PGO waves may be an associated phenomenon. Since, this process is expressed 

during REMS, REMs and PGO waves are associated to REMS. 

 

REMS dream and visual imagery may have co-evolved in evolution 

REMS and NREMS states are not clearly separated processes in human embryos, and 

typical REMS appears only in 1-2 month after birth (Karlsson & Blumberg, 2003). It is 

probable that adult-like consciousness dream can be emerged and linked to REMS when brain 

maturity and language acquisition make conscious narrative reports possible about dreamed 

subjective experiences in REMS (Hobson, 2009).  

It is unlikely accidental that parallels may be drawn between development of REMS 

associated visual dream and visual imagery in children. Preschool children's dreams have a 

static nature and they also have an absence of movement during visual imagery (Domhoff, 

2001). It seems that visual imagination may develop progressively and be required cognitive 

prerequisite for dreaming (Domhoff, 2001). There are also no autobiographic, episodic 

memories in preschool children. Preschool children can make naturalistic pictures, draw 

figures that have distinct phosphene and form constant-like characters. Verbal and linguistic 

abilities do not play a role until dreaming is wholly developed (Foulkes, 1999). According to 

Lehmkuhl and Frölich (2004), “…dreams being complex cognitive processes which 
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differentiate increasingly and are not only automatic perception which is found in sleep 

laboratory studies conducted with children.”   

In the mental rotation task (Shepard & Cooper, 1982), reaction time of adult subjects 

increased linearly with the degree of rotation, but children did not demonstrate this 

relationship and they could not mentally imagine movement by means of visuo-spatial 

imagery. This is essentially similar to children’s dream reports without movements (Foulkes, 

1999). According to Nir
 
and Tononi

 
(2010), “Overall, dreaming appears to be a gradual 

cognitive development that is tightly linked to the development of visual imagination.”  

People who went blind around the age of 5–7 generally have visual imagination and 

visual dreams throughout life (Hollins, 1985; Büchel, Price, Frackowiak, & Friston, 1998). In 

contrast, for people who went blind before the age of 5, usually there is absence of 

visualization in waking and dreaming. In addition, because color representation originates 

from the long-term visual memory and that congenital blind people are unable to dream in 

color, it suggests that the long-term visual memory is the common source of dreams pictures 

as well as visual imagery in normal individuals. 

Recent fMRI results showed that V1 striate cortex is activated in association with 

REMS (Hong et al., 2009; Miyauchi et al., 2009). Besides, the visual imagery that we see in 

our dreams can help stimulate our visual system for that it can develop properly and visual 

imagery utilizes very similar neural systems as those used in wakefulness during REMS 

(Cantero, Atienza, Salas, & Gómez, 2000; Hong et al., 1995; Nir & Tononi, 2010). 

REMS associated dreams have a high amount of narrative and dream imagery is not 

generated by random activation of the forebrain, but rather by forebrain mechanisms with 

dreams and complex cognitive processes (Solms, 2000). We can see our dreams from first-

person perspective, indicating that dreams are a feature of consciousness.  

According to Hobson (2009), “…REM sleep may constitute a protoconscious state, 

providing a virtual reality model of the world that is of functional use to the development and 

maintenance of waking consciousness”. Since the activation of retinotopic visual areas may be 

one of the most important functions of REMS that can stimulate our visual system 

development, the protoconscious state may be essentially linked to retinotopic visual areas in 

evolution. Our notion, that the protoconscious state may be necessarily linked to retinotopic 

visual areas, can be supported by new results, i.e., the low level V1, V2 areas may achieve 

higher cognitive functions, and there are some retinotopic areas in the prefrontal cortex 
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(Muckli, 2010; Slotnick, 2010). As a result, the protoconscious state (Hobson, 2009) may be 

essentially visual process. 

Recently, we have suggested that characteristics of homeothermic state (homeotherm 

animals are from birds to mammals with constant and relatively high body temperature) 

make the development of explicit memory possible (Bókkon, 2005). Both REM phase of 

sleep and the homeothermic state probably co-developed in evolution (Jouvet, 1992). Unlike 

in homeotherms, the brain cells continuously divide throughout life in poikilotherms 

(poikilotherm organism, such as a fish or reptile, having a body temperature that varies with 

the temperature of its surroundings) (Jouvet, 1992; Paton & Notthebohm, 1984) however, in 

exchange complex everlasting neuronal connections are developed in the former. A structured 

and restricted neuronal network is necessary to develop long-term explicit memory, because it 

can guarantee specificity as well as distinct oriented recruitment of neurons which also give 

rise to a strong synchronization (coupled) of neural signals resulting in increased signal/noise 

ratio in the brain. It is probably therefore, explicit memory has emerged first in homeotherms 

(Bókkon, 2005). For example, a Gabonese grey parrot could memorize 1200 words similar to 

a five-year old child (Griffin, 1982; Pepperberg 1999). Emergence of REMS is particularly 

important in humans, because it could guarantee a functional connection between implicit and 

explicit information of the brain (Bókkon, 2005). According to Fischer et al. (2011), “.. sleep 

does not benefit the forgetting of unwanted memories but, on the contrary, REM sleep might 

even counteract the voluntary suppression of memories making them more accessible for 

retrieval”. However, it is probable that protoconscious state, suggested by Hobson (2009), 

may be emerged from implicit memory (Bókkon, 2005) in homeotherms during evolution of 

REMS and this state may be basically visual process. 

Finally, physiological and psychological processes of REMS are similar to waking 

visual imagery (Cantero, Atienza, Salas, & Gómez, 2000; Ogawa, Nittono, & Hori, 2006; 

Lliná & Ribary, 1993; Gottesmann & Gottesman, 2007). All these together support our 

contention that there is essentially functional basis for the development and maturation of 

visual memory in association of REMS associated dreams and visual imagery. This suggests 

that possibly REMS associated dreams and visual imagery may co-evolved in homeothermic 

animals in evolution. 
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REMS associated muscle atonia 

The classical REMS associated muscle atonia possibly has evolved to prevent the 

subject enacting physical activities during visual experience of dreams associated to REMS. 

Interestingly, although atonia is experienced by the antigravity muscles, the muscles 

responsible for REMs during REMS are not paralyzed. Although we do not know the precise 

reason for development of such inverse relationship between muscle activities in evolution, 

based on our hypothesis it may be safe to propose that the REMs probably play an important 

physiological role and that could be visual memory consolidation. This view may be 

supported by the fact that during REMS ponto-geniculo-occipital (PGO) waves are expressed 

in association with REMs (Conduit, Crewther, & Coleman, 2004) and expressions of PGO 

waves have been correlated with memory processing (Datta, 2000; Datta, Li, & Auerbach, 

2008). However, Pontine-waves (P-waves) (the pontine component of ponto-geniculo-

occipital waves) can be involved in numerous significant brain functions, such as memory 

consolidation as well as development of the hippocampus, amygdala and visual system 

(Dang-Vu, Desseilles, Peigneux, & Maquet, 2006; Frank, Issa, & Stryker, 2001; Datta, 2006; 

Guzman-Marin & McGinty, 2006). Based on these views we propose (pending confirmation) 

that REMs associated to dream experience is likely to have evolved first which was followed 

by evolution of REMS associated muscle atonia in antigravity muscles as a complementary 

mechanism to prevent personal injury to the subject in case of enactment of physical behavior 

during dreams; the latter is due to replaying of visual imagery for memory consolidation. This 

view may be supported by the fact that muscle atonia is the only peripheral signs expressed 

associated unlike EEG, EOG, PGO, hippocampal waves, which are controlled by the central 

nervous system. 

 

Colors in dreams 

The appearance of colors in dreams also indicates the importance of the visual 

processes in REMS. However, there are inconsistent reports on colored dreams 

(Schwitzgebel, 2002). It is questioned that differences in the reported color of dreams can be 

attributed to the influence of black and white/or color media, or to methodological issues. 

However, recently, British psychologist Eva Murzyn (2008) concluded that people, who 

watched only black-and-white TV as children and those older than 55 years of age during 

study period, reported dreaming in gray-scale more often than children raised watching color 

television. One may argue that people use their ocular inputs for things other than just TV. 

Children and people don't watch TV all day, a higher percentage of their awake time is spent 
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viewing the world around them which is in color. However, this argument is not convincing 

because while children and people are watching TV their eye movements variability (gaze) 

are reduced that can increase the latency of subliminal visual representation (i.e. early 

retinotopic areas able to sustain rich detailed, subliminal visual information for several 

seconds after visual perception) (Bókkon et al., 2011; Bókkon & Vimal, 2012 submitted).  

This increased latency of subliminal visual representation by gaze can be supported by 

Silvanto, Muggleton, Cowey, & Walsh (2007) experiments. Recently, Silvanto et al. (2007) 

induced phosphenes into afterimages (Creating a vivid negative afterimage requires a steady 

gaze on the external object or on the computer/TV monitor.). Explicitly, after 30 sec visual 

adaptation to a homogeneous color, Transcranial magnetic stimulation (TMS) was applied on 

the occipital cortex that could elicit phosphenes that took on the color qualities of the adapting 

color. For example, if voluntaries were adapted to a green color, they perceived a red negative 

afterimage into which the TMS could induce green phosphenes. The negative afterimages 

lasted about 69 sec. However, phosphenes induced into afterimages persisted for 91 sec, 

meaning that the information of perceived visual color (after 30 sec visual adaptation to a 

homogeneous color) was not consciously (subliminal) represented for 91 sec in early visual 

areas. These findings may support that during watching TV (or computer monitor), the gaze 

can increase the latency of not consciously (subliminal) visual representation in early visual 

areas and as a result, color representation may get more pronounced role in the short-term as 

well as in the long-term visual memories, which may produce an enhanced color appearance 

in dreams. 

According to Hoss (2010), “The natural waking experience certainly appears to 

influence the natural colors making up a dream scene (grass is typically seen as green, and 

sky is typically seen as blue for example). Many elements of the dream however, such as cars, 

clothes and such, have no pre-determined color assignment from our waking environment and 

can be almost any color, and sometimes it can be quite un-natural (a blue dog for example)”. 

 “The conclusion from the observed data was that the specific colors recalled from a dream is 

not dominated by the waking visual experience nor by personal preferences, but rather dream 

color appears to align with neurological mechanisms involved in the perception of color as 

well as psychological factors including the human emotional response to color.” 

In brief, natural viewing the surrounding color world is not the same neural process as 

the gaze during watching TV. Thus, the increased appearance of colors in dreams may be 

attributed to the influence of color media on visual perception as well as visual representation. 
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However, several elements of the dream are not pre-determined color assignment from our 

waking environment. 

 

 

Summary and Conclusions 

We should emphasize again that our presented notions in this paper are based on 

findings on healthy subjects with intact V1 and not on findings from exceptional (including 

diseased) cases, which are controversial and still need confirmation. 

  

Briefly summarized important thoughts as shown below may have highlighted an essential 

relationship between the REM visual dream and the visual imagery:  

  

• There is multiple retinotopic visual system in the brain. 

• Occipital cortex may have a special role in the multisensory integration processes in 

the brain. 

• Recent fMRI experiments proved that not only extrastriate but also primary visual 

cortex (V1) is activated in relation to REMS. 

• The retinotopic PT and the SC areas may be important in determining the onset of 

NREMS, REMS, and wakefulness in mammals. 

• SC may play an essential role in integrating as well as reviewing the visual 

information and the generation of PGO waves. 

• The revised scanning hypothesis implies that REMs are visually targeted saccades  

      and proposes that REMs scan what we ‘see’ when dreaming”. 

• The precise retinotopic upper layers of the SC may be necessary to scan intrinsic 

visual dream images because visual dream images are also emerged in retinotopic 

visual areas during REMs. 

• Dreams expressed during REMS are first and foremost intrinsic visual processes 

accompanied with intrinsic auditory experiences and intrinsic feelings. 

• Visual imagery during REMS utilizes, to a certain extent, common visual neural 

pathway as those used in wakefulness. 

• Latest experiments support that both endogenous REMS-generated activation of the 

visual system and exogenous sensory stimulation of visual system are necessary for 

normal termination of synaptic plasticity in postnatal critical period.  

• There are parallels between development of REMS associated visual dream and visual 

imagery in children. 

• Physiological and psychological processes of REMS are similar to waking visual 

imagery. 

• Since the activation of retinotopic visual areas may be one of the most important 

functions of REMS that can stimulate our visual system development, the 

protoconscious state may be essentially linked to retinotopic visual areas in evolution. 

• Emergence of REMS in homeotherms is particularly important in humans, because it 

could guarantee a functional connection between implicit and explicit information of 

the brain.  
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• Protoconscious state, suggested by Hobson, may be emerged form implicit memory in 

homeotherms during evolution of REMs. 

 

We have presented numerous experimental and theoretical results to support that the 

multiple retinotopic visual system may play essential roles not only in the processing of visual 

signals but also in the integration and process of represented auditory and tactile information, 

among them, which are connected to the higher level of cognitive mechanism through the 

visual system. Namely, the occipital cortex may bear a particular role in the multisensory 

integration processes in the brain.  

The visual information is not routed through the brainstem reticular formation, which 

is active during waking while it is largely inactivated during sleep. Nevertheless, a specific 

group of neurons, the REM-ON neurons in the brainstem (among them neurons in the 

retinotopic superior colliculus (SC) and the pretectum (PT)), are active during rapid eye 

movement (REM) sleep (REMS). It seems that the retinotopic PT and the SC areas may be 

important in determining the onset of NREMS, REMS, and wakefulness in mammals. 

Considering these, here we proposed that multiple retinotopic visual areas in the brain 

may perform some special function not only in visual perception and imagery but also 

associated with visual experiences of dreams during REMS. We argued that the primary 

purpose of dreams associated to REMS especially appearance of REMs could be due to 

activation of retinotopic visual areas in the brain, because those inputs/signals would not be 

retrained otherwise because those inputs are not routed through the reticular formation.  

Activation of the retinotopic lateral geniculate nucleus (LGN) can have a considerable 

role in processing and integrating of visual information, especially which are linked to higher 

level of cognitive functions. Since other sensory (e.g. auditory, smell and tactile) inputs/areas 

are not directly linked to visual inputs they are not prominently associated with dreams; 

however, association of these signals could be due to their indirect association.  In addition, 

mostly the visual experiences are associated to dreams and there are parallels between 

development of REMS associated visual dream and visual imagery in children. As a 

consequence we proposed that development of REMs associated with dream in general and 

visual experiences in particular might have co-evolved for effective memory consolidation 

especially in relation to visual image processing. 

Recently, we have suggested that characteristics of homeothermic state make the 

development of explicit memory possible in evolution. Our idea may be related to Hobson’s 

protoconscious notion, i.e. protoconscious state may be emerged from implicit memory in 
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homeotherms during evolution of REMS. We also suggested that REM protoconscious state 

may be essentially visual-based process. 

The classical REMS associated muscle atonia was considered as a protection from 

physical injury of subject during visual experience of dreams associated to REMS. 

Finally, we argued that during watching TV (or computer monitor), the gaze can 

increase the latency of not conscious (subliminal) visual representation in early visual areas 

and as a result, color representation may get more pronounced role in the short-term as well as 

in the long-term visual memories, which may produce an enhanced color appearance in visual 

REM dreams. 

 
 
Acknowledgements: J. C. Bose Fellowship and UGC-Networking funds to BNM.  

Bókkon I. would like to acknowledge Prof Edward J. Tehovnik for helpful comments on the 

manuscript. 

 
Declaration of interest 

The authors declare that they have no competing financial interests. The authors alone are 

responsible for the content. 

 

 

References 
 
Albers FJ. Structure and Organization of the Superior Colliculus of the Rat. Thesis 

Publishers: Amsterdam, 1990. 

Alvarado JC, Stanford TR, Rowland BA, Vaughan JW, Stein BE. Multisensory integration in 

the superior colliculus requires synergy among corticocollicular inputs. J. Neurosci. 

2009; 29: 6580–92. 

Aserinsky E, Lynch JA, Mack ME, Tzankoff SP, Hurn E. Comparison of eye motion in 

wakefulness and REM sleep. Psychophysiology 1985; 22: 1–10. 

Bókkon I, Vimal RLP, Wang C, Dai J, Salari V, Grass F, Antal I. Visible light induced ocular 

delayed bioluminescence as a possible origin of negative afterimage. J. Photochem. 

Photobiol. B. 2011; 103: 192–9. 

Bókkon I. Dreams and Neuroholography: An Interdisciplinary Interpretation of Development 

of Homeotherm State in Evolution. Sleep Hypnosis 2005; 7: 61–76. 

Bókkon I, Vimal RLP. Subliminal afterimages via ocular delayed luminescence: transsaccade 

stability of the visual perception and color illusion. Theory Biosciences 2011;  

Submitted. 



 20 

Braun AR, Balkin TJ, Wesensten NJ, Gwadry F, Carson RE, Varga M, Baldwin P, Belenky 

G, Herscovitch P. Dissociated pattern of activity in visual cortices and their projections 

during human rapid eye movement sleep. Science 1998;  279: 91–5. 

Bridge H, Harrold S, Holmes EA, Stokes M, Kennard C. Vivid visual mental imagery in the 

absence of the primary visual cortex. J. Neurol.  2011; Nov 8. [Epub ahead of print] 

Broggin E, Savazzi S, Marzi CA. Similar effects of visual perception and imagery on simple 

reaction time. Q. J. Exp. Psychol. (Colchester)  2012; 65: 151–64. 

Büchel C, Price C, Frackowiak RS, Friston K. Different activation patterns in the visual 

cortex of late and congenitally blind subjects. Brain 1998;  121: 409–19. 

Budinger E, Heil P, Hess A, Scheich H. Multisensory processing via early cortical stages: 

Connections of the primary auditory cortical field with other sensory systems. 

Neuroscience 2006; 43: 1065–83. 

Burton H, Sinclair RJ, McLaren DG. Cortical activity to vibrotactile stimulation: an fMRI 

study in blind and sighted individuals. Hum. Brain Mapp. 2004; 23: 210–28. 

Calkins MW. Statistics of dreams. Am. J. Psychol. 1893; 5: 311–43. 

Calvert GA, Spence C, Stein EB. The Handbook of Multisensory Processes. MIT Press: 

Cambridge, 2004. 

Cantero JL, Atienza M, Salas RM. Spectral Features of EEG Alpha Activity in Human REM 

Sleep: Two Variants with Different Functional Roles? Sleep 2000;  23: 746–50. 

Cantero JL, Atienza M, Salas RM, Gómez C. Alpha power modulation during periods with 

rapid oculomotor activity in human REM sleep. NeuroReport 1999; 10: 1817–20. 

Chan KC, Li J, Kau P, Zhou IY, Cheung MM, Lau C, Yang J, So KF, Wu EX. In vivo 

retinotopic mapping of superior colliculus using manganese-enhanced magnetic 

resonance imaging. Neuroimage 2011; 54: 389–95.   

Chen W, Zhu XH, Thulborn KR, Ugurbil K. Retinotopic mapping of lateral geniculate 

nucleus in humans using functional magnetic resonance imaging. PNAS USA 1999; 96: 

2430–4. 

Cichy RM, Heinzle J, Haynes JD. Imagery and Perception Share Cortical Representations of 

Content and Location. Cereb. Cortex 2011; Jun 10. [Epub ahead of print] 

Cohen JD, Castro-Alamancos MA. Behavioral state dependency of neural activity and 

sensory (whisker) responses in superior colliculus. J. Neurophysiol. 2010; 104: 1661–

72.  



 21 

Conduit R, Crewther SG, Coleman G. Spontaneous eyelid movements (ELMS) during sleep 

are related to dream recall on awakening. J. Sleep Res. 2004; 13: 137–44. 

Danckert J, Rossetti Y. Blindsight in action: what can the different sub-types of blindsight tell 

us about the control of visually guided actions? Neurosci. Biobehav. Rev. 2005; 29: 

1035–46. 

Dang-Vu TT, Desseilles M, Peigneux P, Maquet P. A role for sleep in brain plasticity. 

Pediatr. Rehabil. 2006; 9: 98–118. 

Datta S. Avoidance task training potentiates phasic pontine-wave density in the rat: A 

mechanism for sleep-dependent plasticity. J. Neurosci. 2000; 20: 8607–13. 

Datta S. Activation of phasic pontine-wave generator: a mechanism for sleep-dependent 

memory processing. Sleep Biol. Rhythms. 2006; 4: 16–26. 

Datta S, Li G, Auerbach S. Activation of phasic pontine-wave generator in the rat: a 

mechanism for expression of plasticity-related genes and proteins in the dorsal 

hippocampus and amygdala. Eur. J. Neurosci. 2008; 27: 1876–92. 

Dement W, Kleitman N. The relation of eye movements during sleep to dream activity: an 

objective method for the study of dreaming. J. Exp. Psychol. 1957; 53: 339–46. 

Domhoff GW. A new neurocognitive theory of dreams. Dreaming 2001; 11: 13–33. 

Egan TM, North RA. Acetylcholine acts on m2-muscarinic receptors to excite rat locus 

coeruleus  neurons. Eur. J. Pharmacol. 1985; 85: 733–5. 

Eiser AS. Physiology and psychology of dreams. Semin. Neurol. 2005; 25: 97–105. 

Fendrich R, Wessinger CM, Gazzaniga MS. Residual vision in a scotoma: implications for 

blindsight. Science 1992; 258: 1489–91. 

Fischer S, Diekelmann S, Born J. Sleep's role in the processing of unwanted memories. J. 

Sleep Res. 2011; 20: 267–74.   

Foulkes D. Children’s dreaming and the development of consciousness.: Harvard University 

Press: Cambridge, 1999. 

Frank MG, Issa NP, Stryker MP. Sleep enhances plasticity in the developing visual cortex. 

Neuron 2001; 30: 275–87. 

Gardner JL, Merriam EP, Movshon JA, Heeger DJ. Maps of visual space in human occipital 

cortex are retinotopic, not spatiotopic. J Neurosci. 2008; 28: 3988–99. 

Giard MH, Peronnet F. Auditory-visual integration during multimodal object recognition in 

humans: a behavioral and electrophysiological study. J. Cogn. Neurosci. 1999; 11: 473–

90. 



 22 

Golomb JD, Kanwisher N.  Higher Level Visual Cortex Represents Retinotopic, Not 

Spatiotopic, Object Location. Cereb. Cortex 2011; Dec 20. [Epub ahead of print]. 

Gottesmann C, Gottesman I. The neurobiological characteristics of rapid eye movement 

(REM) sleep are candidate endophenotypes of depression, schizophrenia, mental 

retardation and dementia. Prog. Neurobiol. 2007; 81: 237–50. 

Griffin DR. Animal Mind-Human Mind. Springer-Verlag: München. 1982. 

Guzman-Marin R, McGinty D. Sleep deprivation suppresses adult neurogenesis: clues to the 

role of sleep in brain plasticity. Sleep Biol. Rhythms. 2006; 4: 27–34. 

Hall AJ, Lomber SG. Auditory cortex projections target the peripheral field representation of 

primary visual cortex. Exp. Brain Res. 2008; 190: 413–30. 

Hobson JA. The dreaming brain. Basic Books: New York, 1988. 

Hobson JA. REM sleep and dreaming: towards a theory of protoconsciousness. Nat. Rev. 

Neurosci. 2009; 10: 803–13. 

Hobson JA, McCarley RW, Wyzinski PW. Sleep cycle oscillation: reciprocal discharge by 

two brainstem neuronal groups. Science 1975; 189: 55–8. 

Hollins M. Styles of mental imagery in blind adults. Neuropsychologia 1985; 23: 561–6. 

Hong CC, Gillin JC, Dow BM, Wu J, Buchsbaum MS. Localized and lateralized cerebral 

glucose metabolism associated with eye movements during REM sleep and 

wakefulness: a positron emission tomography (PET) study. Sleep 1995; 18: 570–80. 

Hong CC, Harris JC, Pearlson GD, Kim JS, Calhoun VD, Fallon JH, Golay X, Gillen JS, 

Simmonds DJ, van Zijl PC, Zee DS, Pekar JJ. fMRI evidence for multisensory 

recruitment associated with rapid eye movements during sleep. Hum. Brain Mapp. 2009; 

30: 1705–22. 

Hoss RJ. Content analysis on the potential significance of color in dreams: A preliminary 

investigation. Int. J. Dream. Res. 2010; 3: 80–90.  

Igawa M, Atsumi Y, Takahashi K, Shiotsuka S, Hirasawa H, Yamamoto R, Maki A, 

Yamashita Y, Koizumi H. Activation of visual cortex in REM sleep measured by 24-

channel NIRS imaging. Psychiatry Clin, Neurosci. 2001; 55: 187–8. 

Jha S, Mallick BN.  REM sleep regulation: Relationship with non-REM sleep and 

wakefulness. In Mallick BN, Pandi-Perumal SR, McCarley RW, Morrison AR. eds. 

Rapid Eye Movement Sleep: Regulation and Function. Cambridge University Press: 

London, 2011; 173–82. 



 23 

Jones EG, Powell TP. An anatomical study of converging sensory pathways within the 

cerebral cortex of the monkey. Brain 1970; 93: 793–820. 

Jouvet M. Le sommeil et le rêve. Odile Jacob publisher: Paris, 1992. 

Karlsson KA, Blumberg MS. Hippocampal theta in the newborn rat is revealed under 

conditions that promote REM sleep. J Neurosci. 2003; 23: 1114–8. 

Kleiser R, Wittsack J, Niedeggen M, Goebel R, Stoerig P. Is V1 necessary for conscious 

vision in areas of relative cortical blindness? Neuroimage 2001; 13: 654–61. 

Kosslyn SM. Image and Brain: The Resolution of the Imagery Debate, MIT Press: 1994. 

Kozma P, Kovács I, Benedek Gy. Normal and abnormal development of visual functions in 

children. Acta Biol. Szeged. 2001; 45: 23–42.  

Kubota Y, Takasu NN, Horita S, Kondo M, Shimizu M, Okada T, Wakamura T, Toichi M. 

Dorsolateral prefrontal cortical oxygenation during REM sleep in humans. Brain Res. 

2011; 1389: 83–92.   

Larsson J, Heeger DJ. Two retinotopic visual areas in human lateral occipital cortex. J. 

Neurosci. 2006; 26: 13128–42. 

Leclair-Visonneau L, Oudiette D, Gaymard B, Leu-Semenescu S, Arnulf I. Do the eyes scan 

dream images during rapid eye movement sleep? Evidence from the rapid eye 

movement sleep behaviour disorder model. Brain 2010; 133: 1737–46. 

Lehmkuhl G, Frölich J. Dreams of children: content, structure and course. Prax. 

Kinderpsychol. Kinderpsychiatr. 2004; 53: 39–47. 

Leigh RJ, Zee DS. The saccadic system; synthesis of the command for conjugate eye 

movements. In Leigh RJ, Zee DS, eds. The Neurology of Eye Movements. Oxford 

University Press. Oxford, 2006; 108–7. 

Lewis KJ, Borst G, Kosslyn SM. Integrating visual mental images and visual percepts: new 

evidence for depictive representations. Psychol. Res. 2011; 75: 259–71.   

Lliná R, Ribary U. Coherent 40-Hz oscillation characterizes dream state in humans. PNAS 

USA 1993; 90: 2078–82. 

Lu J, Sherman D, Devor M, Saper CB. A putative flip-flop switch for control of REM sleep. 

Nature 2006; 441: 589–94. 

Lydic R, Douglas CL, Baghdoyan HA. Microinjection of neostigmine into the pontine 

reticular formation of C57BL/6J mouse enhances rapid eye movement sleep and 

depresses breathing. Sleep 2002; 25: 835–41. 



 24 

Macaluso E, Frith CD, Driver J. Modulation of human visual cortex by crossmodal spatial 

attention. Science 2000; 289: 1206–8. 

Mallick BN, Kaur S, Saxena RN. Interactions between cholinergic and GABA-ergic 

neurotransmitters in and around the locus coeruleus for the induction and maintenance 

of rapid eye movement sleep in rats. Neuroscience 2001; 104: 467–85. 

Mallick BN, Pandi-Perumal SR, McCarley RW, Morrison AR. Rapid Eye Movement Sleep: 

Regulation and Function. Cambridge University Press: London, 2011; 478. 

McCarley RW, Hobson JA. Single neuron activity in giganto cellular tegmental field: 

selectivity of discharge in desynchronized sleep. Science 1971; 174: 1250–2. 

Miller AM, Obermeyer WH, Behan M, Benca RM. The superior colliculus-pretectum 

mediates the direct effects of light on sleep. PNAS USA 1998; 95: 8957–62. 

Miyauchi S, Misaki M, Kan S, Fukunaga T, Koike T. Human brain activity time-locked to 

rapid eye movements during REM sleep. Exp. Brain Res. 2009; 192: 657–67. 

Muckli L. What are we missing here? Brain imaging evidence for higher cognitive functions 

in primary visual cortex V1. Int J. Imaging Syst. Technol. 2010; 20: 131–9. 

Murzyn E. Do we only dream in colour? A comparison of reported dream colour in younger 

and older adults with different experiences of black and white media. Conscious. Cogn. 

2008; 17: 1228–37.   

Nir Y, Tononi G. Dreaming and the brain: from phenomenology to neurophysiology. Trends 

Cogn. Sci. 2010; 14: 88–100.  

Ogawa K, Nittono H, Hori T. Cortical regions activated after rapid eye movements during 

REM sleep. Sleep. Biol. Rhythms 2006; 4: 63–71. 

Pal D, Mallick BN. Role of Noradrenergic and GABA-ergic inputs in Pedunculopontine 

Tegmentum for Regulation of Rapid Eye Movement Sleep in Rats. Neuropharmacology 

2006; 51: 1–11. 

Pal D, Mallick BN. Neural mechanism of rapid eye movement sleep generation with reference 

to REM-OFF neurons in locus coeruleus. Indian. J. Med. Res. 2007; 125: 721–39. 

Pal D, Mallick BN. GABA in pedunculopontine tegmentum increases rapid eye movement 

sleep in freely moving rats: Possible role of GABA-ergic inputs from substantia nigra 

pars reticulate. Neuroscience 2009; 164: 404–14. 

Pal D, Madan V, Mallick BN. Neural mechanism of rapid eye movement sleep generation: 

Cessation of locus coeruleus neurons is a necessity. Acta Physiol. Sinica 2005; 57: 401–

13. 



 25 

Paton J A, Notthebohm FN. Neurons generated in the adult brain are recruited into functional 

circuits. Science 1984; 225: 1046–8. 

Peigneux P, Laureys S, Fuchs S, Delbeuck X, Degueldre C, Aerts J, Delfiore G, Luxen A, 

Maquet P. Generation of rapid eye movements during paradoxical sleep in humans. 

Neuroimage 2001; 14: 701–8. 

Pepperberg IM. The Alex studies: Cognitive and communicative abilities of grey parrots. 

Harvard University Press: Cambridge, 1999. 

Pylyshyn ZW. Seeing and visualizing: It’s not what you think. MIT Press: Cambridge, 2003. 

Saper CB, Fuller PM, Pedersen N P, Lu J, Scammell TE. Sleep state switching. Neuron 2010; 

68: 1023–42. 

Schwitzgebel E. Why did we think we dreamed in black and white? Stud. Hist. Philos. Sci. 

2002; 33: 649–60.  

Shaffery JP, Lopez J, Roffwarg HP. Brain-Derived Neurotrophic Factor (BDNF) Reverses the 

Effects of Rapid Eye Movement Sleep Deprivation (REMSD) on Developmentally 

Regulated, Long-Term Potentiation (LTP) in Visual Cortex Slices, Neurosci. Lett. 2010; 

doi:10.1016/j.neulet.2012.02.012 

Shepard RN, Cooper LA. Mental images and their transformation. MIT Press/Bradford 

Books: Cambridge, 1982. 

Silvanto J, Rees G. What does Neural Plasticity Tell us about Role of Primary Visual Cortex 

(V1) in Visual Awareness? Front. Psychol. 2011; 2: 6. 

Silvanto J, Muggleton NG, Cowey A, Walsh V. Neural adaptation reveals state-dependent 

effects of transcranial magnetic stimulation. Eur. J. Neurosci. 2007; 25: 1874–81. 

Slotnick SD. Synchronous retinotopic frontal-temporal activity during long-term memory for 

spatial location. Brain Res. 2010; 1330: 89–100. 

Solms M. New findings on the neurological organization of dreaming: implications for 

psychoanalysis. Psychoanal. Q. 1995; 64: 43–67. 

Solms M. The Neuropsychology of Dreams: A Clinico-Anatomical Study. Lawrence Erlbaum 

Associates: New Jersey, 1997. 

Solms M. Dreaming and REM sleep are controlled by different brain mechanisms. Behav. 

Brain. Sci. 2000; 23: 843–50. 

Solms M. The Interpretation of Dreams and the Neurosciences. In Mayes L, Fonagy P, Target 

M. eds. Developmental Science and Psychoanalysis: Integration and Innovation. Karnac 

Books: London, 2007; 148-58. 



 26 

Sprenger A, Lappe-Osthege M, Talamo S, Gais S, Kimmig H, Helmchen C. Eye movements 

during REM sleep and imagination of visual scenes. Neuroreport 2010; 21: 45–9. 

Stoerig P. The neuroanatomy of phenomenal vision: a psychological perspective. Ann. N.Y. 

Acad. Sci. 2001; 929: 176–94. 

Stokes M, Thompson R, Cusack R, Duncan J. Top-down activation of shape-specific 

population codes in visual cortex during mental imagery. J. Neurosci. 2009; 29: 1565–

72. 

Strauch I, Meier B, Foulkes D. In search of dreams: Results of experimental dream research. 

State University of New York Press: Albany, 1996. 

Vasconcelos N, Pantoja J, Belchior H, Caixeta FV, Faber J, Freire MA, Cota VR, Anibal de 

Macedo E, Laplagne DA, Gomes HM, Ribeiro S. Cross-modal responses in the primary 

visual cortex encode complex objects and correlate with tactile discrimination. PNAS 

USA 2011; 108: 15408–13. 

Voss P, Gougoux F, Zatorre RJ, Lassonde M, Lepore F. Differential occipital responses in 

early- and late-blind individuals during a sound-source discrimination task. Neuroimage 

2008; 40: 746–58. 

Zeki S. A Vision of the Brain. Blackwell: Oxford, 1993. 

 


