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Dreaming, or sleep mentation, is an intriguing experience occurring during any human sleep stages. It can happen

many times per night and is characterized by different degrees of emotional intensity, bizarreness, visual vividness,

and narrative complexity. Mental activity during sleep and wakefulness shared similar neural bases. On the other

side, recent studies have highlighted that dream experience is promoted by significant brain activation,

characterized by reduced low frequencies and increased rapid frequencies. Additionally, several studies confirmed

that the posterior parietal area and prefrontal cortex are responsible for dream experience.

dream recall  sleep  EEG  neuroimaging  brain stimulation

1. Sensory Stimulation and Dreaming

Thus far, the researchers have looked at the available studies that made an effort in order to understand the neural

correlates of sleep mentation. However, it should be mentioned that, in parallel, multiple older investigations were

aimed to directly influence the ongoing dream scenario by using different kind of stimulations, i.e., visual, auditory,

somatosensory or olfactory cues.

The first attempt to manipulate dreaming with pre-sleeping external stimuli was reported by Dement and Wolpert

. The authors deprived subjects of fluids one day prior to sleeping and obtained 5 out of 15 REM dreams,

including thirst-related content. Goodenough et al.  used stressful films during a pre-sleep period, demonstrating

that visual stimulus can increase dreams characterized by negative emotional tone. Moreover, subjects exposed to

visual inverting prisms recalled more vivid dreams .

Visual stimuli were also applied during sleep. Rechtschaffen and Foulkes  presented some images during REM

Sleep, while subjects’ eyes were taped open. Nevertheless, no incorporation was found.

Concerning auditory stimuli, Berger  found that presenting personally significant names during REM sleep

provoked a high rate of indirect incorporation of these stimuli into dream experience. For instance, the names were

modified for assonance or in an associative manner . Similarly, Hoelscher et al.  revealed that words with a

relevant personal meaning were more frequently incorporated than other words.

Visual and auditory modalities were combined in a study that applied stimulation both during REM and stage 2

NREM sleep . Interestingly, the effect was found only when the stimulation occurring in NREM sleep, after which

people reported dream with more visual contents . Although the authors suggested that REM sleep was not very
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sensitive to visual stimuli, some researchers investigated lucid dreaming, positing that visual stimuli could be

incorporated into the dream experience . Indeed, a study in which participants were requested to wear a LED

light-fitted mask detecting rapid eye movements and sending visual stimuli showed that sleeping subjects realized

that they were currently in REM sleep stage, increasing the possibility of producing lucid dreams. Participants

frequently reported a dream scenario characterized by illuminated environments or containing street lamps .

It should be noted that researchers also shaped dreaming by introducing specific bodily stimulus during sleep. For

instance, a spray of water on the subjects’ skin was applied , as well as a thermal stimulation . Specifically,

Dement and Wolpert by using various external stimuli (i.e., 1000-cps tone stimulus, light flashes, water spray and

arousing bell) did not show remarkable effects in modifying the dream content, nevertheless cold water appeared

more effective than other stimuli . Some authors also tried to stimulate subjects with vestibular stimulation, for

instance asking subjects to sleep in hammocks . Other studies evaluated the effect of tactile stimulation by a

pressure cuff to a leg, both during REM  and at sleep onset (stage 1 NREM sleep; ) provoking high

incorporation rates, with a percentage of 40%–80%. Furthermore, the incorporation of somatosensory stimuli was

obtained by electrical pulses on the wrist to stimulate muscle contractions during REM sleep . Overall, these

kinds of stimulations increased vividness and higher bodily sensations in the oneiric contents.

More recently, olfactory stimulation was successfully used to modulate dreams’ emotional tone during REM sleep

. Indeed, the authors showed that pleasant scent (e.g., rose) were associated with positive dream experience,

while unpleasant smell (e.g., eggs) with more negative dream experiences . Furthermore, it was demonstrated

that using an odor presented during REM sleep and previously associated with an image during waking state

induced subjects to report a dream experience containing the related image .

The findings of the impact of external stimuli on dream contents are mixed, and no compelling explanation about

these phenomena was reported. In fact, the results on dream incorporation are discordant between studies and/or

stimuli often fail to be incorporated in the content of dreams directly . Moreover, the method used to classify

the incorporation is quite different among studies. The judgment of whether a stimulus had been actually

represented into the dream scenario or not was often subjective (e.g., ) and only few studies tried to assess, by

an objective method, the presence/absence of incorporation and themes/emotional contents of dreams by

identifying defined categories and requiring rating to two independents judges (e.g., ). However, a systematic

and reliable method to study the incorporation is still lacking.

To some extent, these studies showed that the sleeping brain is able to perceive and process much information

integrating them in an oneiric narrative. However, some authors suggested that stimuli incorporation into dreams

cause a sort of micro-arousals that slightly awaken the sleeping subject so that they perceive it, but not enough to

wake them up . This view seems to be relatively compatible with the activation-hypothesis, however only scarce

evidence about neural correlates is available.

2. Brain Stimulation and Dreaming
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A very innovative line of research is aimed to manipulate dreaming by modulating brain activity directly. This

method is based on non-invasive brain stimulation techniques and may be considered complementary to the earlier

mentioned protocols influencing dream contents.

Specifically, Transcranial Direct Current Stimulation (tDCS) can induce focal changes in cortical excitability by a

constant low-intensity current . It is well-established that during wakefulness tDCS can alter the activation of

motor , somatosensory , prefrontal  and visual cortices . Additionally, tDCS can impact on cognitive

functions, namely working memory  or tactile perception . In recent years, a growing number of studies have

investigated the effects of these techniques in the context of sleep and vigilance .

Starting from this knowledge, some investigations assessed tDCS effects on dreaming, intending to explore the

involvement of different cortical areas in the oneiric experience. In a pioneering study, the stimulation was applied

during Stage 2 NREM sleep over frontal (cathodal) and right posterior parietal (anodal) cortex . The authors

found a greater number of visual imagery reports after tDCS than sham condition, but the same was revealed for

the two control conditions (i.e., reversed polarity and other-cephalic tDCS). Hence, the effects seem to be

independent of tDCS polarity and the higher visual dream frequency appears to be elicited by a general arousing

effect, rather than depending on the specific stimulation of cortical areas . Moreover, no effect was observed

during REM sleep or SWS 

Bihemispheric tDCS has been recently applied during REM sleep to investigate the potential interference of tDCS

over the sensorimotor cortex with movement and bodily sensations of dream experience . The study showed

that subjects awakening after stimulation had a lower rate of reports including movements (especially repetitive

actions), while tactile and vestibular sensations were not affected by tDCS. Hence, the authors suggested that

sensorimotor cortex is responsible for generating dream movement, confirming that the neural bases of peculiar

dream contents are shared between sleep and waking state.

The absence of awareness, and the lack of voluntary control during dream experience are both intriguing issues for

dream scientists. In this regard, the researchers started becoming interested in modulating the level of

consciousness during sleep, namely, inducing lucid dream experiences . Hobson et al.  proposed that

lucid dreaming may stem from the reactivation of dorsolateral prefrontal cortex that, as mentioned, appear

deactivated during REM Sleep . In this vein, Stumbrys et al.  applied tDCS stimulation over the

dorsolateral prefrontal cortex during REM sleep and observed a small increase of self-reported lucid dreaming only

in frequent lucid dreamers.

Further, transcranial alternating current stimulation (tACS) was applied to induce dream lucidity . tACS exerts its

effects by the application of an alternating current to the scalp at a specific frequency. The alternating stimulation

drives the cortical network to oscillate at the given frequency, inducing periodic shifts in the transmembrane

potential of underlying neurons . Bearing in mind the involvement of frontal areas in dream activity , Voss et

al.  used tACS for 30 s at several different frequencies over fronto-lateral regions during REM sleep. Subjects
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reported lucid dreams when 25 and 40 Hz stimulation were applied. Conversely, a more recent study on lucid

dreaming did not support this evidence, observing no effect of 40 Hz frontal stimulation .

The only one study using Transcranial Magnetic Stimulation (TMS) tried to manipulate dream experience targeting

the posterior parietal cortex. TMS was applied during NREM sleep before awakening subjects and asking them

about the presence/absence of dream experience . The results showed that TMS induces an EEG response

characterized by a larger negative deflection (similar to a larger NREM sleep slow wave) and a shorter period of

phase-locking associated with non-recall compared to recall conditions . Additionally, the amplitude of this

deflection was negatively correlated with the total word count of dream reports. This response is typical of cortical

circuits in condition of bistability between depolarized up-states and hyperpolarized down-states . Notably,

changes in the bistability of cerebral networks, mainly expressed in the form of slow oscillations, modulate the level

of consciousness and the ability of the cortex to integrate information . The authors started from the view that

dreaming represents a consciousness experience during sleep. In turn, the level of consciousness corresponds to

the amount of integrated information generated by a complex of elements and would only vanish during dreamless

sleep or under general anesthesia . In other words, slow frequencies (1–4 Hz) EEG during sleep are associated

with neuronal down-states preventing the emergence of stable causal interactions among cortical areas and

provoking the loss of consciousness .

Although the application of brain stimulation techniques in the field of sleep and dreaming represents a promising

research area , the available evidence is far from being conclusive.

However, the direct manipulation of brain activity could give us powerful insights in understanding the neural

substrates of dream recall.
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