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Introduction1. 

Dreams can be considered as a kind of imagination. Both drea-

ming and imagination are a simulation of the real world on a higher 

cognitive level. In a research report by Decety (1996) the question 

was addressed whether imagined and executed actions share the 

same neural substrate. Decety presented three methods to test this 

hypothesis that there is equivalence between imagined and execu-

ted motor actions: measuring central nervous activity, monitoring 

autonomic response and using mental chronometry. It was found 

that central nervous activity observed during programming and pre-

parations of actual movements are also active during mental simu-

lation of movement (cf. Roland, Larsen, Lassen, & Skinhoj, 1980), 

autonomic responses during imagery of physical activity parallel 

the autonomic responses to actual exercise (cf. Decety, Jeannerod, 

Germain, & Pastene, 1991), and the timing of imagined and actu-

al motor actions are closely related (cf. Munzert, 2002). The data 

presented by Decety provided converging support for the hypothe-

sis that mental simulation of motor actions to some extent share 

the same motor representations and central neural mechanisms 

that are used to execute actual actions (Decety, 1996; Jeannerod, 

1994).

Jeannerod (2001) integrated these findings into the theory of 

neural simulation of action. The simulation theory postulates that, 

in general, covert actions are actual actions, except for the fact 

that they are not executed, but share for example the same cortical 

areas. Jeannerod terms the expression S-states to designate those 

“mental” states which involve action content and brain activities 

which simulate the same, executed action (see Table 1). For this 

article the focus is on imagined actions and dreamed actions, whe-

reas the other types of S-states are of minor interest. Even though 

actions in dreams are explicitly mentioned as S-state by Jeannerod 

no empirical data has been provided in his works. This gap will be 

filled by this paper and the question will be raised if dreamed and 

executed actions in fact share the same neural substrate, e.g. that 

dreamed action is equivalent to real action as far as the underlying 

brain mechanisms are concerned. Similar to the research report 

from Decety (1996) evidence from several dream research domains 

will be reviewed. 

In this paper, the focus will be on REM dreams because REM 

sleep is accompanied by the most vivid dream experiences. Alrea-

dy in an early study from Dement and Kleitman (1957) it was de-

monstrated that up to 80 % of the participants waken up from REM 

sleep remembered a vivid dream whereas only 20 % of the parti-

cipants waken up during NREM sleep could report a dream. Even 

though it was shown later that also during NREM sleep dreams can 

occur to a higher percentage (e.g. Foulkes, 1962) the dreams in 

REM sleep are more intensive in quantity and quality, because the 

brain is very active during this sleep stage (e.g. Niedermeyer, 1987). 

Furthermore the sleeping body is paralysed throughout REM sleep 

by a mechanism in the brain stem (cf. Jouvet, 1979) preventing the 

sleeping body to act out the dreamed action. Finally, most research 

efforts have focused on REM dreams. 

In addition to the findings in normal REM dreams, research from 

lucid REM dreams will also be included. The term lucid dream de-

signates a dream in which the dreamer – while dreaming – is aware 

that she/he is dreaming and she/he can consciously influence the 

action in the dream (cf. Schredl & Erlacher, 2004). Lucid dreams 

occur to a high percentage in REM sleep (Erlacher, 2005). The ad-

vantage of lucid dreaming is that lucid dreamers are able to execute 

pre-arranged tasks in their lucid dreams and mark the beginning 

and the end of the task with eye signals in the electrooculogram 

(EOG) recording (for an example see Figure 1 and 2). 

The studies in this field follow basically the same design. Phy-

siological parameters (e.g. heart rate, respiration rate) are recorded 

throughout REM sleep. The subject will be awakened from REM 

sleep and asked to report the dream content. Afterwards the dream 

reports will be analysed by blind raters for specific characteristics 

(e.g. dream emotion) or sorted into different classes (active vs. pas-

sive dream content). Then, the physiological data will be compared 

with the psychological data from the ratings and, finally, statements 

about psychophysiological correlation can be made. For lucid 

dream research the approach is quite similar with the exception 

that lucid dreamers are instructed before the night to perform spe-
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cific tasks in the lucid dream and mark the beginning and the end 

of these tasks by eye movement signals. Trained lucid dreamers 

can remember pre-sleep instructions and carry out experiments 

during their dream. This paradigm allows precise matching of the 

dreamer‘s subjective reports with recorded physiological respon-

ses.

The present article reviews the major psychophysiological stu-

dies from dream and lucid dream research which support the noti-

on that dreamed actions are a S-state in terms of theory of neural 

simulation of action (Jeannerods, 2001). The studies will focus on 

central nervous activity, autonomic responses and time aspects 

during lucid dreams. Further evidence for the hypothesis that 

dreamed actions are equivalent to actual actions will be provided 

by recent studies in sport science. There is growing evidence that 

lucid dreams can be used to practice motor skills during sleep and 

that this practice has positive effects on performance in wakeful-

ness. Even though there are only a few studies in this research field 

the findings strongly support the hypothesis that dreamed actions 

are S-states because the dreamed performance has a direct effect 

on the same action during wakefulness. This fits well into the notion 

that both, dreamed and actual actions, share the same neural net-

works and that the neural networks were improved by the practice 

in lucid dreams (c.f. Erlacher, 2005). 

Central nervous activity2. 

Lesions in the brain stem2.1. 

During REM sleep the general muscle tonus is actively inhibited 

by the REM sleep generating area in the brain stem (e.g. Dement, 

1974). This physiological mechanism seems to serve a biological 

function in preventing the sleeping person to act out her or his 

dreams. This psychophysiological de-coupling between dream 

content and muscle activity provides a first strong argument that 

REM dreams can have a high correlation to corresponding physical 

activity, otherwise the muscle tone blockade would not be necessa-

ry. In an experiment by Jouvet and Delorme (1965) the mechanism 

for this muscle atonia in the brain stem was experimentally dama-

ged in cats. The lesions resulted in overt behaviour in the animals 

when REM sleep occurred. These animals showed aggressive be-

haviour, prey catching behaviour, hygienic behaviour, etc. The ac-

tions shown by the animals did not interfere with external sources 

(e.g. food) and therefore it can be assumed that they were acting 

out their dream experience (Jouvet, 1979, 1994). The brain region 

responsible for muscle atonia is located in the formatio reticularis, a 

dense neural network which crosses with several different nucleus 

from the vertical brain stem. Additionally, the efferent nerves regu-

late the tonus in the skeletal muscles (c.f. Birbaumer & Schmidt, 

1996). In addition to animal experiments, further evidence is provi-

ded by case reports of patients suffering from REM sleep behaviour 

disorder (RBD), in those patients the atonia is partially not func-

tioning (Schenk & Mahowald, 1996). The following case vignette 

illustrate this sleep disorder.

(REM sleep behaviour disorder; man, 67 years old): “I was a half-
back playing football, and after the quarterback received the ball 
from the center he lateraled it sideways to me and I’m supposed 
to go around end and cut back over tackle and – this is very vivid 
–as I cut back over tackle there is this big 280-poind tackle wai-
ting -, so I, according to football rules, was to give him a shoulder 
and bounce him out of the way, supposedly, and when I came to 
I was standing in front of our dresser and I had knocked lamps, 
mirrors, and everything off the dresser, hit my head against the 
wall and my knee against the dresser.” (Schenck, Bundlie, Ettin-
ger, & Mahowald, 1986, p. 294)

The dream example underlines that dreamed actions were directly 

acted out by the sleeping body. The fact that the person was actu-

ally dreaming can be inferred by the report because the person hit 

the dresser which was not present in his dream. RBD is a rather sel-

dom disorder and little is known about the underlying neural mecha-

nisms (Schenk & Mahowald, 2002). A strong association between 

RBD and extrapyramidal disorders have been reported (Schenk & 

Mahowald, 2002) and impaired striatal dopamine transporter func-

tion was found in RBD patients (Eisensehr et al., 2000), but, the 

critical question as to what brain mechanisms underlie REM motor 

dyscontrol is still uncertain. RBD should not mixed up with sleep-

walking which occurs during NREM sleep; after sleepwalking the 

patients show a amnesia for their behaviour after waking up from 

their sleep and are very often not able to report any dream content 

(c.f. Keefauver & Guilleminault, 2000).

Dream content and EMG activity2.2. 

In normal persons the sleeping body is inhibited and dreamed ac-

tions show no overt gross movements (Schredl, 2000). Despite the 

general muscle blockade, electrical impulses can be measured in 

the limb muscles which might cause small twitches (Dement, 1974). 

Several studies (Dement & Wolpert 1958; Wolpert 1960; Gardner et 

al. 1975) have shown that dreamed physical activities correspon-

dence with the EMG activities of the sleeping body. Wolpert (1960) 

demonstrated that dreams in which the participants reported a lot 

of dreamed body movements are associated with an elevated EMG 

activity in arms and legs. The studies of Grossman et al. (1972) 

and Gardner, Grossman, Roffwarg and Weiner (1975) extend the 

findings from Wolpert by differentiating between dreamed arm and 

dreamed leg activity and by analyzing the limb EMGs. MC Guigan 

and Tanner (1971) have measured chin and lip EMG during REM 

sleep and demonstrated that dreams with talking were accompa-

nied by elevations of EMG activity in chin and lip muscles. This 

finding was confirmed by Shimizu and Inoue (1986). Based on re-

search studies investigating the expression of emotions in the wa-

king state, Gerne and Strauch (1985) recorded EMG potentials of 

the corrugator (brow lowerer, negative emotions) and of the zygo-

matic (lip corner puller, positive emotions). In the study from Gerne 

and Strauch (1985) statistically significant relationships between 

EMG potentials and dream emotion were obtained, but a replication 

study from Hofer (1987) failed to do so. Overall, the findings indica-

te that the EMG recordings correspond to the activity reported by 

the dreamer during REM sleep.

Several studies with lucid dreamers (Fenwick et al., 1984; Hear-

ne, 1983; LaBerge, Nagel, Dement and Zarcone, 1981) also de-

monstrated a close correlation between dreamed limb movements 

and EMG activities in the corresponding limb. LaBerge, Nagel, De-

ment, and Zarcone (1981), for example, observed that a sequence 

of left and right fist clenches carried out in the lucid dream resulted 

in a corresponding sequence of left and right forearm twitches as 

measured by EMG. Fenwick et al. (1984) showed that movements 

carried out in a lucid dream with distal muscle groups (e.g. hand) 

the EMG activity was higher than movements which were perfor-

med with proximal muscles (e.g. shoulder). In proximal muscles the 

EMG activity can disappear at all. In several case reports from Er-

lacher (2005) it was shown that the EMG activity from the forearm 

of a lucid dreaming person can change during a series of dreamed 

hand movements (see Figure 1). The findings in lucid and non-lucid 

dreams indicate that physiological mechanisms inhibit most of the 

Type of S-state Degree of awareness

Intended action Conscious/nonconscious

Imagined action Conscious

Prospective action judgements Nonconscious

Perceptually based decisions Nonconscious

Observation of graspable objects Nonconscious

Observation of actions Conscious/nonconscious

Action in dreams Conscious

Table 1. Proposed Taxonomy of Behaviorally Defined S-States ad-

opted from Jeannerod (2001).
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activity of the skeletal muscles that otherwise would be present due 

to dreamed movements. 

Dream content and eye movements2.3. 

In dream research the relationship between dreamed eye move-

ments and eye movements measured at the sleeping body by EOG 

is known as „scanning-hypothesis“. Already Ladd proposed in the 

year 1892 that the eyes are moving during dreaming in a similar way 

as they do in the waking state. In modern dream research two ap-

proaches were selected to test this hypothesis. First, global measu-

res of visual dream activity reported by the dreamer were correlated 

with the number of eye movements occurring in the EOG recording 

prior to the awakening. Second, it was attempted to directly relate 

the EOG pattern to the dreamed gaze shifts.

Dement and Wolpert (1958) scored 105 dream reports whether 

the last sequence was visual active (e. g. looking around) or visual 

passive (e. g. looking at a distant object). In a similar way, they 

classified the EOG recordings of the REM period prior to the awa-

kenings. These independently made classifications were correctly 

matched in 74 % of the ratings. Although several subsequent stu-

dies replicated this finding, other studies were not able to detect 

substantial relationships between visual dream content and global 

measures of eye movement activity (e. g. Firth & Oswald, 1975). 

The mixed results might be explained by methodological issues like 

averaging over distinct time periods to derive global scores for vi-

sual dream activity and eye movements. The averaging over time 

might conceal underlying and substantial correlations.

In a study by Roffwarg et al. (1962) the following approach has 

been chosen to enable a direct matching of dream content and eye 

movements. Shortly after awakening the subjects were interrogated 

by an interviewer who had no access to the EOG recordings of the 

prior REM period, about the last 10 to 20 seconds of the dream 

experience. This interviewer who was familiar in relating particular 

actions to the corresponding eye movement patterns predicted the 

eye movements which he would expected to occur due to the elici-

ted dream report. The following example from Roffwarg et al. (1962, 

p. 240) gives an impression of this approach.

„The last thing I remember is looking down at a small piece of 
paper, held at about chest level, trying slowly and haltingly, dwel-
ling on each word, to translate something that looked like 3 lines 
of French poetry. It took about 20 or 30 seconds to do it, proba-
bly. I don‘t remember if I looked up at any time from the paper. As 
I remember, essentially, I kept my eyes on the paper.“

Interrogator’s prediction-“There should be relative REM 
quiescence with the exception of a few spaced leftward glances 
if the subject has finished a line of reading and return to the next 
line“.

The fact that the interviewer did not predict small eye movements 

(reading word by word) can be explained by the impossibility to 

detect such eye movements or the position of the eyeballs by the 

commonly used a. c. amplifiers. The corresponding EOG pattern 

showed three small but rapid eye movements to the left (22 se-

conds, 8 seconds and 0.5 seconds prior to the awakening). Overall, 

80 % of the clear recalled dream actions corresponded with the 

EOG recording. Subsequent research confirmed small but substan-

tial relationships (Herman et al., 1984). 

Another interesting approach was adopted by Dement and Kleit-

man (1957). They have awakened their subjects after recording a 

distinct EOG pattern, for example, solely horizontal or vertical eye 

movements or the lack of any eye movements. One subject who 

was awakened after vertical eye movements dreamed of standing 

at the bottom of a tall cliff and looking up at climbers at various 

levels. In a dream reported after a REM period with horizontal eye 

movements the subject was watching two peoples throwing toma-

toes at each other. A quiet eye movement pattern was associated 

with driving a car (looking ahead) in the dream.

The results from dream research showed promising results, but it 

is, however, still not clear how tight this relationship is, i. e. whether 

all eye movements are related directly to the dream gaze shifts. 

Additionally, methodological issues have to be kept in mind, for 

Figure 1. Recording of a REM lucid dream. The task for the participant was to carry out hand clenches with the right hand. In his dream 

report the subject stated that he continuously performed hand clenches between LRLR 2 and LRLR 3, but the EMG activity is changing 

throughout the recording partially disappearing at all (from Erlacher, 2005)
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example, the electric measurement of eye movements occurring 

during sleep, and that similar research areas, for example, relating 

eye movements to waking imagery, encounter the same difficulties 

matching subjective reports with actual eye movements. This may 

be explained by the fact that the most eye movements are carried 

out without consciousness, for example, looking at a small object, 

glances during a conversation.

In lucid dreams, a strong correlation between deliberately car-

ried out dream gaze shifts and the corresponding eye movements 

of the sleeping body measured by EOG has been demonstrated 

(Erlacher, 2005). Already in the first sleep laboratory studies about 

lucid dreams from Hearne (1978) and LaBerge (1980) eye move-

ments were used to validate lucid dreaming. In those studies the 

lucid dreamers were instructed to perform specific eye movements 

in their lucid dreams (e.g. look left, right, left, right). In the corres-

ponding EOG recording the specific eye movement pattern can be 

found by up and down lines. Figure 1 and 2 depicts two examples 

for typical lucid dream signals. In a study by LaBerge and Zimbardo 

(2000) it was shown that dream gaze is more closely related to per-

ception than to imagination. Participants were instructed to carry 

out a specific tracking protocol were they had to trace a circle with 

their stretched arm and follow the tip of the finger with their gaze. 

The participants performed this task during wakefulness, in waking 

imagination and during lucid dreaming. For all conditions the eye 

pattern was recorded by EOG. The analysis of the saccadic eye 

movements could clearly discriminate for both dreaming and per-

ception from imagination by showing more saccadic movements 

for imagination than for perception and dreaming. The authors in-

terpret their results, that dream gaze is more related to perception 

in wakefulness than to imagination. The study furthermore demons-

trated that even smooth tracking eye movements in lucid dreams 

lead to corresponding activities in the EOG recording.

Dream content and EEG activity2.4. 

Several dream studies investigated the question whether corres-

ponding brain areas are active during dreaming specific actions in 

the same way as they do in the waking state. Zadra and Nielsen 

(1996) analysed the EEG recordings of dreams with strong negative 

affects and found higher EEG activity for the central and occipital 

cortex area. The EEG activity was analysed by Fourier transforma-

tion. In general, a decrease of alpha power is assumed to indicate 

an activated cortical area with an increase in the excitability level 

of the neurones (c.f. Pfurtscheller, 1992). Zadra and Nielsen (1996) 

assumed that this higher activity was caused by the intense pictu-

res (occipital area) and the movements in the dream (central area), 

e.g. running away from unfriendly dream characters. The occipital 

area of the cortex correspond to the primary visual cortex and the 

central area of the cortex is the primary motor area a brain region 

corresponding to motor commands. In a single participant, Eteve-

non and Guillou (1986) found an alpha power decrease over the 

left central cortical areas in correspondence with dreamed perfor-

mance of the right hand. The decrease of the alpha power over the 

left central brain areas can be interpreted as an activation of the 

primary motor cortex whereby the left hemisphere controls the right 

body side and vica vers. 

A study by Hong et al. (1996) investigated the relationship bet-

ween talking and listening during the dream and the EEG. The ad-

vantage to utilise these activities in the context of measuring EEG 

is the relative good localization of the corresponding brain areas 

(Broca‘s area: talking and Wernicke‘s area: listening). The results 

confirmed the hypothesis that the lower the alpha power on the 

left sides of those areas corresponding to Broca‘s and Wernicke‘s 

area was, the more expressive or receptive language was present 

in the dream. 

In lucid dream research only a few studies have been done. Hol-

zinger, LaBerge, and Levitan (2006) explored differences in EEG re-

cordings between lucid and non-lucid dreams in REM sleep. One 

finding indicated a higher activation of the left parietal lobe for lucid 

dreams in comparison to non-lucid dreams. Holzinger et al. (2006) 

stated that this brain area is considered to be related to semantic 

understanding and self-awareness and therefore reflects the self 

awareness of the dreaming person in lucid dreams. The lucid drea-

mers in a study by LaBerge et al. (1981) were instructed to perform 

two simple cognitive tasks (counting vs. Singing) in their dreams. 

The analysis of the EEG alpha power showed higher activation of 

the left hemisphere during counting and higher activation of the 

right hemisphere during counting. A pattern one would expect also 

for wakefulness. In a study by Erlacher, Schredl and LaBerge (2003) 

a single participant was instructed to carry out hand clenching eit-

her with the right or the left hand or – as a control condition – coun-

ting. Those events had to be marked by eye movements allowing 

to analyse the EEG alpha power over the motor cortex (C3, Cz and 

C4) for the left or right hand movements. Results showed that EEG 

alpha band over bilateral motor areas decreased while the lucid 

dreamer executed left or right hand clenching in contrast to dream 

counting.

In a recent study Strelen (2006) was able to evoke event related 

potentials during lucid dreams by using an odd-ball paradigm with 

an acoustic modality. The participants were listening the night two 

types of short tones (high vs. low tone). The lucid dreamers were 

instructed to “listen” for the high tones and signal by a single left 

right eye movement such an event. The analysis of three lucid drea-

mers who were able to accomplish this experiment showed a P300 

activation in the EEG analysis. The evoked potential (P300) can be 

interpreted as a conscious processing of the acoustic information 

Figure 2. Recording of a correctly signaled lucid dream: Five clear left-right-left-right eye movement signals are shown in the EOG channel. 

Typical for REM sleep: EEG channel shows low voltage mixed frequency and the muscle tone in the EMG channel is very low. See text 

for the corresponding dream report. Obviously the respiration rate and heart rate increase while performing squats in the lucid dreams 

(Erlacher & Schredl, in Press).
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during the lucid REM dreams, an EEG pattern which would also 

appear during wakefulness. 

To summarize, a relationship between dream content and brain 

activity measured by EEG was demonstrable. It is, however, not 

clear how direct this relationship is, i. e. whether all dreamed ac-

tivities are related directly to the EEG, especially in the non-lucid 

dream studies it is difficult to coorespond the dream content to the 

EEG recording. 

Dream Content and fMRI, PET2.5. 

Up to now there are only few studies applying functional magnetic 

resonance imagery (fMRI) have been carried out with participants 

sleeping in the scanner. One of the reasons is that the head of the 

participant has to be kept in the exact same position while sleeping. 

Beside the uncomfortable sleeping position, the scans are causing 

a strong noise during the recording session (up to 80db) that inter-

feres with falling asleep and wake up participants who had fallen 

asleep. Furthermore, it was not possible to do fMRI and EEG recor-

dings simultaneously because of the strong magnetic field produ-

ced by the fMRI. Some of this problems have been solved with mo-

dern recording techniques allowing the simultaneously recording of 

fMRI and EEG and by reducing the scanner noise (c.f. Wehrle et al., 

2007, Czisch et al, 2002). For positron emission tomography (PET) 

the problems are less problematic and therefore more sleep studies 

have been done by PET scans than by fMRI. In general, the fMRI 

and PET studies demonstrated that brain activation patterns are 

different in different sleep stages and differ from brain activation in 

wakefulness (e.g. Braun et al., 1997; Dang-Vu, T. et al. 2006, Löv-

blad et al., 1999; Maquet et al., 1997). 

Hong, Gillin, Dow, Wu, and Buchsbaum (1995) using positron 

emission tomography (PET) observed that eye movements during 

REM sleep involve the same cortical areas that control waking 

saccadic eye movement and attention. In a study by Maquet et 

al. (2000) participants were trained in visuomotor task at the eve-

ning. In the following sleep period REM sleep was recorded by 

PET scans. The PET scans showed a high activation of the motor 

areas in the central cortex. The results were interpreted by the re-

activation of learning-related cerebral activity during post-training 

sleep, suggesting that sleep plays a role in the offline processing 

and consolidation of memory (Peigneux et al., 2003). Unfortunately 

dream content was not elicited in this or similar studies investiga-

ting sleep-dependent memory consolidation.

Autonomic Responses3. 

Cardiovascular activity 3.1. 

There are a few studies from dream research that investigated the 

relationship between dream content and autonomic parameters, 

especially cardiorespiratory parameters. Hobson, Goldfrank, and 

Snyder (1965) found a positive correlation between global dream 

content ratings (including ratings of emotion, physical activity, and 

vividness) and respiration rate and respiration rate variability. Hauri 

and Van de Castle (1973) differentiated the dream content ratings 

in emotionality, physical activity and involvement, and found that 

physical activity is correlated to heart rate variability. However, a 

large number of correlation coefficients were computed and 17 of 

100 coefficients reached significance (p < .05) and a correction for 

multiple comparisons was not attempted. Baust and Engel (1971) 

found that large respiration amplitude correlated to intensive active 

participation in the dream. On the other hand, high variability of the 

respiration frequency was associated – in contrast to the findings 

from Hobson et al. – with little active participation in the dream. No 

correlation was found for heart rate to dream content in this study. 

Overall, the findings in this area are inconsistent and conclusions 

about the relation between dream emotions or other dream charac-

teristics and physiological parameters cannot yet be made.

In a pilot study, LaBerge, Greenleaf, and Kedzierski (1983) show-

ed a correspondence between subjectively experienced sexual 

activity during REM lucid dreaming and several autonomic para-

meters such as, respiration rate, skin conduction, vaginal EMG and 

vaginal pulse amplitude. The parameters increased significantly du-

ring experienced lucid dream orgasm, but contrary to expectations, 

heart rate increased only slightly; the increase was not significant. 

In another study by LaBerge and Dement (1982) it was shown that 

lucid dreamers are able to voluntary control their respiration during 

lucid REM dreaming. In a study by Erlacher and Schredl (in Press) 

proficient lucid dreamers were instructed to carry out specific tasks 

(counting vs. performing squats) while lucid dreaming. During the 

night heart rate and respiration rate were measured continuous-

ly. The results showed an increase of heart rate while performing 

squats in the lucid dream. The results for respiration rate were less 

clear but showed the expected changes with higher respiration ra-

tes while squatting in the dream. In Figure 2, a recording of suc-

cessfully carried out squats is depicted.

Time aspects4. 

Dream time and REM sleep duration 4.1. 

The relationship between subjectively estimated time in dreams 

and real time has a long history in dream research. The following 

dream example reported by the French sleep and dream resear-

cher Alfred Maury (1861) raised the question whether the recalled 

dream is really a recollection of experiences made during sleep or 

is possibly generated like a flash during the process of awakening. 

Maury reported a long and intense dream about the French revolu-

tion which ended with the dreamer in the guillotine and the sleeper 

waking up with a piece of his wooden bed top having fallen on his 

neck. Because of the logical line of dream action, Maury (1861) hy-

pothesized that the dream was generated backwards by the arou-

sing stimulus. 

Nowadays, the hypothesis is widely accepted that the subjec-

tively experienced time in dreams corresponds with the actual time 

(overview: Schredl, 2000). This relationship was first experimentally 

demonstrated by Dement and Kleitman (1957). In this study, the 

participants were awakened in a random order either after 5 or 15 

minutes of REM sleep. After awakening, participants were asked to 

estimate whether the elapsed sleep interval was 5 or 15 minutes. 

From 111 awakenings, 83 % judgments were correct. Furthermore, 

the elapsed time of the REM period correlated with the length of 

the dream report (from r=.40 to r=.71). The latter findings were re-

plicated by Glaubman and Lewin (1977), as well as by Hobson and 

Stickgold (1995). Rosenlicht, Maloney, and Freiberg (1994) found 

only small differences between time of REM sleep and the reported 

length of dreams.

In a pilot study, LaBerge (1985) showed that time intervals for 

counting from one to ten in lucid dreams (by counting from one-

thousand-and-one to one-thousand-and-ten) are close to the time 

intervals for counting during wakefulness. In a study by Erlacher and 

Schredl (2004) the time intervals for two different activities (perfor-

ming squats and counting) were compared between lucid dreams 

and wakefulness. The results for counting replicates the finding of 

LaBerge’s (1985), that time intervals for counting were quite similar 

in lucid dreams and in wakefulness but performing squats required 

44.5 % more time in lucid dreams than in the waking state. The au-

thors speculated that this disproportional effect was caused by the 

modality of the activity (cognitive vs. motor activity).

Lucid dreaming and motor learning5. 

Further evidence for the hypothesis that dreamed actions are equi-

valent to actual actions are provided by recent findings from sport 

science. There is growing evidence that lucid dreams can be used 

for practicing motor skills and that this practice has positive effects 

on subsequent performance in wakefulness (cf. Erlacher, 2005). 

Practice in lucid dreams is comparable to mental practice which 

is well known in sport theory and sport practice (e.g. Smith & Lee, 

2005). This practice in lucid dreams is a novel type of mental re-

hearsal whereas a person is using the dream state to consciously 

practice specific tasks without waking up. For both types of mental 
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rehearsal, movements are simulated with an imagined body on a 

cognitive level whereas the physical body remains still. In contrast 

to mental practice which is performed during wakefulness, practice 

in lucid dreams is applied while sleeping (c.f. Erlacher, 2005). For 

mental practice several meta-analysis (c.f. Driskell, Copper & Mo-

ran, 1994) demonstrated that in general mental practice enhances 

performance. It seems plausible that practice in lucid dreams shows 

also beneficial effects. But in contrast to vast research on mental 

practice, for practice in lucid dreams the empirical basis is rather 

small which can be explained by the fact that lucid dreaming is a 

rather unknown phenomena in the scientific sports community. 

In several anecdotal reports (Erlacher, 2005; LaBerge & Rhein-

gold, 1990; Tholey, 1990) amateur and professional athletes clai-

med that they use lucid dreams to improve their performance in 

the waking state. LaBerge and Rheingold (1990) reported of seve-

ral amateur athletes who improved their skills during lucid dreams, 

e.g. a long distance runner who practiced his running technique, 

a tennis novice who learned his tennis serve and a woman who 

enhanced her skating skills. Tholey (1990) who was a German sport 

psychologist and a pioneer in lucid dream research provided further 

examples of professional athletes (Alpine skiing, equestrian and 

martial arts) who used lucid dream practice on a frequent base not 

only on accidental occasions. 

In addition to his research interests in lucid dreaming, Tholey was 

himself a highly skilled lucid dreamer. In an interview he reported his 

own experiences in lucid dream practice: “Not every single move-

ment I do practice in my lucid dreams. In lucid dreams I rather work 

on my body feeling and the orientation in the three dimensional 

space. For example I do somersaults and feel every single musc-

le twitch in my dreamed body.” (Mechsner, 1994). With his lucid 

dream practice he improved several sport techniques in wakeful-

ness (Erlacher, 2005). Further anecdotal reports from professional 

athletes were collected by Erlacher (2005), for example: 

Spring board diving (female, 33): „I practice complex twists and 
somersaults in my lucid dreams. When I do my lucid dream 
practice the movements feel real but if I want to I can slow down 
the whole sequence to focus on important details of the dive.” 

Sprint training (male, 38): „Then I start to push my legs to the 
back and to concentrate on my feet and not only to lift my knees. 
Immediately I feel a force in my hips which brings me forward. 
The hips are now much better involved in my sprint than befo-
re.“ 

Winter sport (male, 26): „I dreamed lucidly about snowboarding, 
I was in fun park and I practice several tricks on my board. I 
couldn‘t do those tricks in waking life but the practice in my 
dreams helped to get better.“

Up to now there are very few studies which investigated the pos-

sible effects of practicing in lucid dreams in a systematic way. In a 

qualitative study by Tholey (1981, 1984), lucid dreamers were inst-

ructed to perform different complex sport skills, like skiing or gym-

nastics which the participants already know from waking life, in their 

lucid dreams. The participants reported that they had no difficulties 

to perform those complex sport skills in their lucid dreams. This 

ability is a prerequisite for lucid dream practice. Furthermore, the 

participants reported that the movements were accompanied by 

a pleasant feeling in the dream and that the movements improved 

due to the practice for both the dream state and the waking state. 

But in this study, performance after dreaming was not measured.

In a quasi-experimental pre-post design study conducted by Er-

lacher (2005) participants were asked to practice an aiming task in 

their lucid dreams. For the aiming task the participants had to toss 

a 10-cent Euro coin into a cup. The pre test in the evening and post 

test in the morning consisted of 20 tosses each. The results show-

ed a significant increase of hit rate from pre test to post test for the 

group which practiced the coin tossing task in their lucid dreams 

but no increase was found for the other group. Even though the 

experimental design is not able to exclude confounding variables 

such as motivation, the results of this study indicate that practice in 

lucid dreams enhances performance in wakefulness. 

To summarize, first, the anecdotal reports presented in this 

section demonstrated that lucid dreams can be used for practice 

of even complex sport skills (e.g. somersaults) within the dream. 

Second, it was shown that practice in lucid dreams have positive 

effects on actual performance in wakefulness. Even though those 

results have to be considered as preliminary and need to be replica-

ted in additional samples, they fit well into theory of neural simula-

tion of action. For motor imagery Jeannerod (1994) concluded that 

the positive effects of imagining movements on motor learning (e.g. 

Munzert & Hackfort, 1994) suggest a close functional equivalence 

between motor imagery and motor preparation since the cognitive 

processes must interfere at some level. The same holds true for 

practice in lucid dreams: the enhancement of the performance rate 

can be explained by the improvement of the neural networks which 

is the same for wakefulness and for dreams (c.f. Erlacher, 2005). 

Discussion6. 

The studies reviewed in the present article demonstrate that REM 

(lucid) dreamed actions are comparable - like imagination during 

mental practice - to actual actions and that it is plausible that the 

dreamed action share to some extend the same neural substrate 

on a cognitive level as if the action is carried out in the waking 

state. Those findings were presented for central nervous activity, 

autonomic responses and time aspects – as suggested by Dece-

ty (1996) and fit well into the theory of neural simulation of action 

(Jeannerods, 2001). Therefore in this paper evidence was gathered 

to show that dreamed actions indeed are S-state as proposed by 

Jeannerod (2001).

The strongest support was derived from the research on the cen-

tral nervous activity on REM dreams (e.g. eye movements, EMG 

activity). In contrast, the studies for the autonomic responses and 

the time aspects provided inconsistent results. For example, the 

findings for estimating time intervals by counting support the hypo-

thesis of a correspondence between time duration in lucid dreams 

and in the waking state. but the findings regarding motor activities, 

like performing squats, which required more time in lucid dreams 

than in wakefulness, did not. 

The mixed results in dream research might be explained by me-

thodological limitations like the large variability of the dream con-

tent, i.e., a large number of participants have to be studied in order 

to extract substantial but presumably small correlations. Overall, 

the number of studies in this field is small and in lucid dream re-

search the sample often consists of only a few participants because 

it is difficult to recruit many proficient lucid dreamers. 

Another point is that research focused on REM dreams but not 

on NREM dreams. As there is no specific muscle atonia present 

during NREM sleep, it seems very promising to link dreamed ac-

tions from NREM dreams to physiological parameters recorded 

prior to the awakening. Also for lucid dreaming a study by Dane 

(1986) showed that lucid dream experience also can occur during 

NREM sleep. To integrate those findings will be a challenging task 

for future research. 

The findings from lucid dreaming and motor learning have be-

side their theoretical interest also practical implications for sports. 

Practice in lucid dreams might be a novel type for athletes of covert 

rehearsal, comparable to mental practice which is well known in 

sport theory and sport practice (e.g. Smith & Lee, 2005). For practi-

ce in lucid dreams and mental rehearsal, movements are simulated 

with an imagined body on a cognitive level whereas the physical 

body remains still. Lucid dream practice would provide professi-

onal athletes the additional chance to use the night time to work 

out specific skills or to rehears a competition. Further applications 

would be for athletes who suffer an injury and are unable to physi-

cally practice. And finally, lucid dream practice would give athletes 

the opportunity to practice skills which are dangerous (cliff diving) 

in wakefulness or are strongly dependent on environmental settings 

(Alpine Skiing in summer). That this practice will interfere negative 

with natural processes in sleep seems unlikely because even good 

lucid dreamer will have lucid dreams on small percentage compa-

red to total amount of nightly REM sleep (Schredl, 2007).

Munsu
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Future directions7. 

Despite the clear evidence of a relationship between physiological 

processes and dream content, a lot of questions remained unresol-

ved and should be addressed in future research. 

First, further research is needed to clarify the inconsistent results 

especially for the time aspects during dreams. Erlacher and Schredl 

(2004) suggested that one possible factor causing the different time 

intervals might be the different modalities of the tasks (e.g., motor 

vs. cognitive activities) and another factor might be that the durati-

on of the tasks were unequal. To clarify if the modality or the length 

of the task caused the disproportional effects, in further studies dif-

ferent tasks (cognitive vs. motor) and time intervals (e.g. 10, 20, 30 

seconds) should be examined. 

Second, further research using modern neuroimaging techniques 

will be very promising. Comparing dream reports after awakening 

with the brain activation patters in this period of sleep will shed more 

light on the question whether the brain regions that are necessary 

for carrying out actions or processing incoming information in the 

waking state are also active while dreaming these actions or pro-

cesses. Even though modern neuroimaging techniques have their 

problems the latest result form demonstrate that those problems 

are solvable (cf. Dang-Vu et al., 2006). One of the most interesting 

tasks for future research will be to study lucid dreaming by modern 

neuroimaging techniques. Even though it will be a challenging task 

for a participant to have lucid dreams in a fMRI scanner, studies 

from motor imagery have already demonstrated that this approach 

bears fruitful insights into the neural structures on the cortex level 

(cf. Lacourse, Orr, Cramer, & Cohen, 2005).

Third, research on lucid REM dreams have been proven to be 

very effective for investigating specific questions because lucid 

dreamers can be instructed to perform different tasks in the dream 

state and mark those events by eye movements in the EOG recor-

ding . The studies presented demonstrated that also complex tasks 

can be accomplished by lucid dreamers during their lucid dreams. 

Beside studying lucid dreams with neuroimaging techniques ano-

ther interesting perspective will be to study the interaction between 

the lucid dreamer and external stimuli. As shown by Strelen (2006) 

it is possible for participants to “hear” acoustic stimuli from the ex-

ternal “world” and to successfully discriminate two different tones. 

This is a kind of simple communication between the research in the 

sleeping lab and the lucid dreamer in his dream world. To further 

extend this communication process will be very promising research 

area. 

Fourth, the findings should be extended to for NREM sleep. Alt-

hough Antrobus (1983) has shown that these reports were more 

thoughtlike and contained less often images, the variability is consi-

derable so that some NREM reports can not be distinguished from 

REM reports. The question arising is how is it possible that visual 

imagery is present and eye movements are absent. Unfortunately, 

research in the mind-body interaction during NREM sleep is scarce 

and should be pursued in the future.

Finally, for a sport perspective it would be interesting to collect 

data from professional athletes concerning the knowledge about lu-

cid dreaming and the possibility of practice in lucid dreams. It might 

be possible that already a small but substantial part of athletes al-

ready use lucid dreaming to improve their performance. This might 

be true since in a representative survey in Austria (N = 1000), 26 % 

of the participants stated that they had experienced a lucid dream 

at least once (Stepansky et al., 1998). It would be interesting to see 

if their are sports which might be more promising for lucid dreamer 

than others, e.g. sports were technique is dominant in contrast to 

sports were conditional factors are important. Furthermore it would 

be interesting to provide professional athletes induction techniques 

to introduce them to lucid dream practice. But this will be a further 

challenging task for further research to find good induction tech-

niques to reliable induce lucid dreams in a night; not only for sport 

but also for lucid dream research in general. 
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