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Abstract

Research on the neural correlates of lucid dreaming has recently gained more underlying data. By 

exploring seven studies that investigated the neural basis of lucid dreaming, this essay sought to 

examine which neural correlates are associated with lucid dreaming and how proposed neural 

correlates relate to phenomenological aspects. Dorsolateral prefrontal cortex (DLPFC) was judged 

as the region most associated with lucid dreaming, in support of a DLPFC hypothesis. Support for 

reactivation of DLPFC in lucid dreaming consisted of data from electroencephalography, functional

magnetic resonance imaging, and transcranial direct current stimulation. Phenomenological aspects 

associated with this region involved meta-awareness, working-memory, decision-making, and 

conscious perception. Other regions of interest were parietal areas, frontal areas, and precuneus. 

Data was not always compatible, implying need for further research. The possibility of further 

research was judged as promising, based on a recent study inducing lucid dreaming in a significant 

percent of its test subjects.

Key words: Lucid dreaming, neural correlates, phenomenological aspects, non-lucid dreaming, 

dorsolateral prefrontal cortex
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Introduction

The phenomenon of lucid dreaming has been scientifically studied since the late 1970s 

(Hearne, 1978), and has since received a great deal of attention from researchers around the world. 

But what is lucid dreaming? The exact definition of it varies between the researchers that have 

decided to study it, but what can be agreed to be a fundamental aspect is that it is a state where a 

person is aware of dreaming during a dream. Some scientists believe this aspect is enough to 

differentiate non-lucid dreaming from a lucid dream (Hobson, 2009), while others would like to add

that the person aware of the dream also needs the ability to affect dream content (Holzinger, 

LaBerge, & Levitan, 2006).

In the earlier stages of lucid dreaming research focus was mainly on inducing lucid 

dreaming (LaBerge, 1980; LaBerge & Levitan, 1995), with a limited amount of studies focusing on 

its neural basis (Tyson, Ogilvie, & Hunt, 1984). Since the mid 2000s however there has been a shift 

in focus, with many studies exploring neural correlates by use of different neuroscanning methods, 

primarily electroencephalography (EEG) (Holzinger et al., 2006; Voss, Holzmann, Tuin, & Hobson,

2009; Dresler et al., 2012).

Since its scientific debut the area has received attention for what it might bring to different 

fields of science. Studies have demonstrated that it can be clinically applicable, helping people with 

nightmares (Spoormaker & van den Bout, 2006) and related disorders such as post-traumatic stress 

disorder (Been & Garg, 2010). It has also been explored in the light of what it might bring to the 

field of consciousness studies, as it is a state that resembles waking while still occurring during 

sleep (Hobson, 2009).

Lucid dreaming and non-lucid dreaming are states that typically occur during the sleep 

phase of rapid eye movement (REM) sleep (LaBerge, Nagel, Dement, & Zarcone, 1981), but it has 

become accepted among researchers to discern lucid dreaming as a state that differs from both 

wakefulness and non-lucid dreaming on a phenomenological level (Dresler et al., 2014; Erlacher, 
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Schädlich, Stumbrys, & Schredl, 2014). If the notion that phenomenological aspects have their basis

in the brain is kept, and if there actually are differences in experience between these three states, 

then one would have to accept that there should also be neural changes between them. If such 

differences can not be found then the claim that lucid dreaming is a separate state would have to be 

denied (Hobson, 2009). Studies that try to find neural changes between lucid and non-lucid 

dreaming have been made and will be the main focus of this essay.

The purpose of this essay is to study lucid dreaming, with a main focus on its neural basis 

and a secondary focus on the relation between neural correlates and phenomenological aspects. 

The essay will start off with a brief description of non-lucid dreaming, with focus on its 

phenomenology and neural correlates. Following this, the theoretic background regarding lucid 

dreaming will be presented. This background will include information about phenomenological 

aspects generally associated with lucid dreaming, methods usually utilized when exploring the state,

and issues which normally occurs while performing lucid dreaming studies. The next part explores 

the central areas of interest, neural correlates and the relation between neural correlates and 

phenomenology. First are descriptions of the studies that focused on lucid dreaming in relation to its

neural basis, and the data these studies collected. Next, the results from previously mentioned 

studies will be related to phenomenological aspects associated with lucid dreaming. Finally, articles 

will be presented that provide valuable insights into which methods might be employed for further 

research on this area. The final parts of the essay will consist of a discussion and a conclusion.

This essay will not include information on how research is carried out when researching 

non-lucid dreaming, since the main focus is on lucid dreaming. Dreaming during non-rapid eye 

movement (NREM) sleep will also be excluded, as none of the research focused on this. 

Information about what defines and separates brains waves will only be presented briefly, to give 

the most rudimentary knowledge in this area. Though a deeper understanding might give additional 

depth when interpreting the results of some studies, it has been deemed non-essential for sufficient 
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understanding and discussion of these articles. In depth information regarding the application of 

lucid dreaming, in the form of clinical use or exploration of consciousness, will not be presented, 

since the focus of this essay is on the neural correlates of lucid dreaming.

Non-lucid Dreaming

In this first section of the essay a theoretical background on the state of non-lucid dreaming 

will be presented, comparing non-lucid dreaming with the state of wakefulness. It will consist of 

two separate parts, one focusing on the phenomenological aspects of non-lucid dreaming and the 

other explaining what neural basis is generally associated with it.

The information presented here will only be based on REM sleep research, as this is the state

most commonly associated with dreaming. Studies have shown that non-lucid dreams can occur in 

NREM sleep (Foulkes, 1962), but this area has less underlying research data. In some of the 

following chapters the data presented here will be mentioned again, displaying the importance of 

understanding non-lucid dreaming when exploring lucid dreaming. Compared to the section on 

lucid dreaming and its theoretical background the information under this headline will be more 

limited and basic, as the main focus of the essay is on lucid dreaming.

Phenomenology

A non-lucid dream is a state of consciousness where the dreamer is disconnected from the 

environment, yet still experience a story filled with actors, scenarios, and images. This experience is

primarily visual but incorporates sound, and to a lesser degree smell, taste, and touch (Nir & 

Tononi, 2010). The state is in many aspects different from the state of wakefulness, with changes in 

memory, voluntary control, and meta-awareness. 

Non-lucid dreaming is characterized by a decreased efficiency of short-term memory, which 

can be derived from a general difficulty in recalling non-lucid dreams once awake. The dreamer has

to wake up during the dream if memories are to be retained, and if no effort is put into recollecting 

the dream once woken up the memory will disappear rapidly (Nir & Tononi, 2010). Reduced 



LUCID DREAMING, NEURAL CORRELATES AND PHENOMENOLOGY 8

memory capacity can also be observed during the experience of non-lucid dreaming. Non-lucid 

dreams are filled with breaks of continuity, with frequent changes in scenario, and recall of 

memories from wakefulness is severely diminished. According to modern sleep research these 

changes in memory are correlated with reduced activity in DLPFC and precuneus (Kahn & Gover, 

2010). 

Another aspect lacking in non-lucid dreaming compared to wakefulness is proper voluntary 

control and, closely related to this, volition. Not only is it impossible to control the content of a non-

lucid dream, but the dreamer is also incapable of acting in a goal pursuing fashion (Nir & Tononi, 

2010). During wakefulness these two features are thought to be connected with the right inferior 

parietal cortex (Goldberg, Ullman, & Malach, 2008).

A third difference between waking and non-lucid dream is the fact that non-lucid sleep 

almost entirely lacks meta-awareness, in the form of changed reflective thought and reduced self-

awareness (Rechtschaffen, 1978). In a non-lucid dreaming the dreamer often assume strange and 

bizarre things are normal, for example by not reflecting on a sudden change of scenery or 

impossible actions such as flying (Nir & Tononi, 2010). The dreamer is also incapable of realizing 

that the experience is in fact that of a dream (Voss, Schermelleh-Engel, Windt, Frenzel, & Hobson, 

2013). This lack of meta-awareness has been hypothesized to correlate with decreased activation of 

frontolateral areas, primarily DLPFC (Muzur, Pace-Schott, & Hobson, 2002), and with deactivation 

of posterior cingulate cortex, inferior parietal cortex, and orbitofrontal cortex (Nir & Tononi, 2010). 

Neural Correlates

The phenomenology of non-lucid dreaming has often been linked to neural correlates of the 

state. Research is still carried out to determine what neural basis is correlated with non-lucid 

dreaming, with much further data being needed before the neural correlates for each specific dream 

can be properly predicted (Nir & Tononi, 2010). There is however some research which most dream

researchers today base their studies on. One of the most influential articles in this area was 
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published in 1996, based on the research by Maquet and his fellow scientists. The study presented 

in that article used positron emission tomography (PET) to explore the neural correlates of non-

lucid dreaming in REM sleep, with a sample of seven subjects. From the data collected Maquet et 

al. (1996) found an increase in regional blood flow in the following areas: pontine tegmentum, left 

thalamus, left and right amygdaloid complexes, anterior cingulate cortex, and right parietal 

operculum. Decreased regional blood flow was also observed, in the the areas dorsolateral 

prefrontal cortex (DLPFC), parietal cortex, posterior cingulate cortex, and precuneus. The 

decreased regional blood flow was observed in both left and right parts for DLPFC and parietal 

cortex (Maquet et al., 1996).

Soon after the publication of Maquet et al. (1996) further PET data in relation to REM sleep 

was provided by the research team lead by Braun (Braun et al., 1997). This study had a larger 

sample, with 37 subjects, and like Maquet et al. (1996) it has been very influential in the field of 

sleep research. Apart from activation in areas related to arousal the study found deactivation of 

DLPFC and parietal cortex, consistent with the data from Maquet et al. (1996), coupled with 

deactivation of orbitofrontal cortex.

Regarding any hemispherical specialization in REM sleep the topic is still debated, with no 

conclusive data providing an answer. While some researchers would claim that REM sleep is 

primarily linked to activation of the right hemisphere (Joseph, 1988) studies have been carried out 

which show little to no difference in hemispherical activation for this state (Armitage, 1995).

Lucid Dreaming

This second section of the essay provides theoretical background in relation to the state of 

lucid dreaming. It does not cover all aspects of lucid dreaming, only the ones relevant for later 

chapters. Since there is no consensus on which phenomenology best describes lucid dreaming the 

first part, phenomenology, will provide information about the two ways lucid dreaming has been 

defined. The part will also include information about a study which explored the definition of lucid 
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dreaming primarily employed in scientific research. Following this, the part named methods in 

scientific research will review the most central methods used when researching the neural correlates

of lucid dreaming. Here the LR signal will be explained, followed by a description of two methods 

of research, scanning techniques and task performance. Focus will primarily be on scanning 

techniques, as they constitute the majority of performed studies. Finally, in the part general issues 

in studying, some of the major issues in lucid dreaming research will be mentioned. These issues 

involve few subjects and induction problems. 

None of the presented data will be based on lucid dreaming research in NREM sleep, seeing 

that no research regarding this has been carried out. It should be noted though that there are 

preliminary findings in support of the claim that lucid dreaming can be achieved in NREM sleep 

(Stumbrys & Erlacher, 2012).

Phenomenology

One way of understanding lucid dreaming is by thinking of it as a hybrid state of 

consciousness, with features of both non-lucid dreaming and wakefulness (Voss et al., 2009). The 

lucid dreamer, like the non-lucid dreamer, experience a world disconnected from wakefulness. This 

world is filled with impossible events, such as flying without any support and changes of scenery 

without any movement. There are however differences between the two states, in that a lucid 

dreamer retains some of the features related to wakefulness that are lost in non-lucid dreams. First, 

memory is significantly improved in lucid dreaming compared to non-lucid dreaming, allowing the 

lucid dreamer to recall episodes from wakefulness. Second, voluntary control and volition reappear,

giving the lucid dreamer ability to control dream plot, content, and scenery. Finally, lucid dreaming 

involve major changes in meta-awareness, with the lucid dreamer becoming aware of the dreams 

identity, realizing that the current state is actually that of a dream and not wakefulness (LaBerge, 

1985; Voss et al., 2013). 

The features of awareness and control are very central when trying to define lucid dreaming.
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There is nonetheless some disagreement between scientists regarding which features necessarily 

have to be present for a dream to be judged as lucid. According to one camp of researchers a lucid 

dream only require awareness to be separated from a non-lucid dream, while another camp claims 

that only a dream with awareness and control can be judged as lucid (Noreika et al., 2010). 

This disagreement seems to be traceable back to the term prelucid dreaming, first mentioned

in the publication named “lucid dreams”, which was written by Green in 1968. A prelucid dream 

was defined as a dream in which the dreamer starts questioning the reality of the dream, developing 

a critical attitude towards the dream. It was also hypothesized that this type of dream is usually 

followed by lucid dreams, a dream which involve the features of prelucid dreaming combined with 

features such as a higher degree of control (Green, 1968). The term was later on used in the works 

of Tyson and his research group, when they tried to explore what differentiates various types of 

dreams (Tyson et al., 1984). Shortly after, some researchers (LaBerge, 1985) started to define lucid 

dreaming with the same definition that was previously used to describe prelucid dreaming, and the 

term prelucid dreaming was largely abandoned. 

The problem of multiple definitions for the term lucid dreaming has been observed by a few 

scientists, which lead to some proposals on how to end it. The most common proposal is that lucid 

dreaming should not be seen as an all or nothing phenomenon, but rather as a varying state along a 

line of continuum. The lucid dreaming that only requires awareness of the dream state should be 

seen as a weak form of lucid dreaming, placed on the lower levels of a lucid scale, and the stricter 

definition that also requires control should be seen as a strong or fully lucid dream, placed on higher

levels of the scale (Noreika et al., 2010; Stumbrys, Erlacher, & Schredl, 2013). 

Though multiple definitions exists the control definition is usually preferred when scientific 

research is carried out (Holzinger et al., 2006; Voss et al., 2009). Because of this there has been a 

larger focus on properly defining all factors relevant for this state. One of the most recent and 

thorough attempts to do this was the questionnaire study by Voss, Schermelleh-Engel, Windt, & 
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Hobson from 2013, where they presented their Lucidity and Consciousness in Dreams scale 

(LuCiD). The goal of this study was to define what phenomenal factors are present in lucid 

dreaming, and explain how these factors relate to normal REM sleep. A secondary aim was to 

develop a tool for measuring consciousness in dreams. 

To reach their goals a questionnaire was developed, which in its final stage consisted of 28 

items. These 28 items were then correlated with eight overarching factors: Insight, control, thought, 

realism, memory, dissociation, negative emotion, and positive emotion. The first factor, insight, 

sought to what degree the individual had the insight of being in a dream. Following this, the second 

factor, control, researched how well the individual had been able to control actions and thoughts. 

Then the third factor, thought, explored how logical thoughts had been. Once this was done the 

fourth factor, realism, tried to answer to what degree the previously experienced thoughts and 

emotions were similar to that of waking. Next, the fifth factor, memory, investigated to what degree 

the individual had access to memories from waking life. Afterwards, the sixth factor, dissociation, 

explored if the dream had been experienced from a third person perspective. Finally, the two factors

negative and positive emotion investigated to what degree the emotions experienced were negative 

or positive. 

To test how these eight factors related to lucid and non-lucid dreaming the 28 items 

questionnaire was answered in two surveys. The first survey was based on 158 dream recalls, 50 

lucid dreams and 108 non-lucid dreams, with all dream recalls stemming from dreams in home 

setting. For further validation of the first surveys results the second survey was carried out, having 

all answers collected after sleep in a laboratory setting. Here 117 dream reports were collected, all 

of which were accompanied by polysomnography. Information on polysomnography will be 

presented in the next part of this section.

Following statistical analysis on the gathered data Voss et al. (2013) concluded that all the 

mentioned factors were positively correlated to lucid dreaming, while all factors except realism had 
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low absolute values in non-lucid dreaming during REM sleep. All factors except realism and 

negative emotions showed significant differences between lucid dreaming and normal REM sleep 

dreams, but three factors, insight, control, and dissociation, showed a higher degree of difference. 

Based on the finding that realism did not differ between lucid and non-lucid dreaming the 

authors proposed that bizarreness is not a feature that is associated with the phenomenology of lucid

dreaming. This means that even though the content of a lucid dream might be judged as bizarre 

once the dreamer has woken up, during the lucid dream the experience would not be considered 

bizarre. According to the authors this goes contrary to what many researchers has previously 

proposed, namely that the experience of a lucid dream would be more surreal and dreamlike 

compared to a normal dream (Voss et al., 2013).

Methods in Scientific Research

When conducting scientific research on lucid dreaming scientists usually explore the type of 

lucid dreaming which involve control. The reason for this is that research subjects can only willfully

signal lucid dreaming if they have some degree of control over their dream. It might seem difficult 

to give any signal during REM-sleep as this state is coupled with muscle atonia, an almost complete

restriction of muscle movement, however the subjects are still able to perform movements with 

their eyes. This is what scientists primarily use to design methods of signaling in lucid dreaming. 

The most common method of eye signaling is called the LR signal and involves moving the eyes 

first to the left, then to the right a set amount of times (LaBerge et al., 1981). To avoid involuntary 

LR signals during non-lucid dreaming more advanced versions of this model are usually preferred. 

Examples of such versions could be one which involve a break between LR signals, for example 

looking left-right-left-right followed by a break and then repeating this for as long as possible (Voss 

et al., 2009), or one involving longer sequences, such as a LRLRLR signal (Stumbrys et al., 2013). 

The instructions of LR signaling are given to the subjects before they go to sleep, and as such the 

task also requires memory from wakefulness to be performed (LaBerge et al., 1981). 
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Having determined what definition of lucid dream will be employed a team of researchers 

need to decide what type of study method will be used to explore the state. When it comes to the 

scientific study of lucid dreaming, especially when researching neuronal correlates, scanning 

techniques have been a preferred method, and as such have made huge contributions (Mota-Rolim 

& Araujo, 2013). It was already mentioned in the introduction that the technique mainly used has 

been EEG, a technique that can measure the change of electrical potential in the brain. The 

measurement of this technique is amplitude of brain waves. These waves are generally divided into 

bands, determined by their frequency. Waves with a frequency of less than 4 Hz are part of the delta

band, and as such are called delta waves. Between 4-7 Hz waves become theta waves, between 8-15

Hz is alpha waves, between 16-31 Hz they turn into beta waves, and finally anything over 32 Hz is 

considered gamma waves. Using EEG researchers can determine if there is a change in activity for 

any of these waves, where for example an increase of alpha activity means an increased amplitude 

in the alpha wave. The waves are localized, meaning that they are found in specific parts of the 

brain and not in every area. They are also hypothesized to be connected to different states, with 

NREM sleep being associated with high delta waves and REM sleep being associated with high 

beta or gamma waves (Niedermeyer, 2004). Brain waves have even been hypothesized to correlate 

with dimensions of states, such as alpha activity correlating to lucidity in dreams (Ogilvie, Hunt, 

Tyson, Lucescu, & Jenkins, 1982). One of the main advantages of using EEG is that it has a high 

degree of temporal resolution. There is however a major disadvantage of the technique, in that it has

a low degree of spatial resolution (Gazzaniga, Ivry, & Mangun, 2014). The result of this is that the 

studies using these methods can only correlate lucid dreaming to larger areas, which will be useful 

in earlier stages but will need to be complemented in later stages (Noreika et al., 2010). Since the 

research on lucid dreaming with EEG is on sleeping individuals, EEG is often completed with other

techniques involved in polysomnography. Polysomnography is one of the most common testing 

methods when researching sleep (Kirsch, 2013), and apart from EEG it involves the techniques 
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electroocculography (EOG), used for recording change of electrical potential in the eyes (Brown et 

al., 2006), electromyography (EMG), used for recording change of electrical potential in muscles 

(Plumb & Bain, 2006), and electrocardiography (ECG), used for recording change of electrical 

potential in the heart (Morris, Brady, & Camm, 2009).

Although the majority of studies researching lucid dreaming and its neural correlates have 

used scanning techniques, task performance studies can also provide relevant data. Examples of 

tasks that have been used are hemispherically dominant tasks (Piller, 2009), and more established 

tasks such as Wisconsin Card Sort Task (WCST) and Iowa Gambling Task (IGT) (Neider, Pace-

Schoot, Forselius, Pittman, & Morgan, 2011). Data collected from the conducted task performance 

studies has been used to lend some preliminary support to posed hypotheses (Piller, 2009; Neider et 

al., 2011), and to help in the process of either falsifying or lending further support to previously 

proposed hypotheses (Neider et al., 2011). 

General Issues in Studying

Having previously discussed the problem of multiple definitions the essay will now explore 

two other relevant problems. These issues are few subjects and induction problems.

The majority of studies in regards to lucid dreaming are being limited by very small sets of 

subjects. Most studies on neural correlates only have around ten subjects, and some have had as few

as four or six subjects (Voss et al., 2009; Dresler et al., 2014). In almost all scientific research few 

subjects means a higher probability that the collected data will not properly represent the target 

population, which in turn means less reliable results (Graziano & Raulin, 2010). There are a few 

reasons why lucid dreaming research suffers from few subjects, but first and foremost it comes 

down to the fact that lucid dreaming is a rare phenomenon and as a skill it requires a great deal of 

training to have it occur reliably (Stumbrys et al., 2013). According to some researchers the problem

can also be traced back to a lack of collaboration between different research teams, resulting in that 

the few subjects that actually have been trained to frequently achieve lucidity only perform in a 
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single research teams studies (Noreika et al., 2010).

A further problem when researching lucid dreaming is that it seems to be more difficult to 

induce in a proper laboratory setting. In a study by Voss and her colleges (Voss et al., 2009) it was 

observed that out of the twenty subjects recruited only three were able to achieve lucidity in the 

laboratory, even though they all previously reported having lucid dreams at least two times each 

week. This made the researchers hypothesize that lucid dreaming is a more fragile state than 

previously proposed, and as such will be difficult to research in laboratory. There is however other 

ways to look at this problem, exemplified in an article written by Stumbrys and his team of 

researchers (Stumbrys et al., 2013). In their study data was collected from 19 subjects, resulting in 

109 awakenings. Among these only one lucid dream was verified through volitional eye-movement,

much below the expected value. Stumbrys et al. (2013) hypothesized that the problem here lies in 

that of a previously discussed problem, namely the problem of unclear definitions. Though only one

person was able to verify lucidity through eye signals in the study, a large number of dreams were 

rated as lucid by the external judges. One way of explaining this is that the subjects were in a lower,

yet separate from non-lucid, degree of lucidity, resulting possibly from problems with waking 

memory.

Neural Correlates of Lucid Dreaming

In this section of the essay seven studies will be presented. All seven studies explored the 

neural basis correlated to lucid dreaming, and they all used different approaches when collecting 

data. The studies are categorized by the method that was primarily employed for data acquisition. 

They are also presented in chronological order. To better understand the results of these articles the 

following part relates the authors findings to the phenomenological aspects which they propose 

might be correlated. Though these studies have given the research area a good ground to stand on 

the results were far from conclusive, and not always compatible. Because of this the final part will 

present some scientists proposals to how further research in this area might be carried out.
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Electroencephalography

One of the earliest studies that primarily focused on neural differences between non-lucid 

dreaming and lucid dreaming was a study by Tyson, Ogilvie, and Hunt, from the year 1984. Using 

EEG they tried to determine if there was any difference in alpha activity between three different 

states: non-lucid, prelucid, and lucid dreaming. 

Ten subjects were recruited, all fulfilling the set criterion of being able to recall at least five 

dreams each week and having lucid dreams at least occasionally. Data was collected using a 16 

channel EEG during one to two nights in a sleep laboratory. Before the experiment the subjects 

were to spend an adaptation night at the laboratory, to record baseline alpha activity. During the 

experimental nights the subjects were woken up four times from REM sleep, following a period of 

either higher or lower than baseline alpha activity. Following each awakening an experimenter read 

a questionnaire consisting of eight questions, all of which had been told to the subjects beforehand, 

and the awoken subject gave verbal answers to the questions. The answers to the questionnaire were

then sent to an examiner who had not taken part in the data acquisition, to judge dream content, 

bizarreness, and lucidity. This procedure resulted in data for 38 dreams.

Results showed a significant relationship between high levels of alpha activity and the 

prelucid state, with the prelucid states alpha activity deviating the most from baseline activity 

compared to the other states. Low levels of alpha activity was correlated with both the non-lucid 

state and the lucid state, except in the beginning of a dream. When dreams were initiated low levels 

of alpha activity were only present during non-lucid dreams, while both prelucid and lucid dreams 

correlated to high level of alpha activity. The results from the beginning of dreams were only 

approaching significance. In summary, the study lends support to the claim that non-lucid dreaming,

lucid dreaming, and prelucid dreaming differ in alpha activity, with non-lucid dreaming being 

correlated to the overall lowest levels of alpha activity, lucid dreaming to both low and high levels 

of alpha activity, depending on the current stage of REM sleep, and prelucid dreaming to the overall
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highest levels of alpha activity. Using these results 71 % of the dreams could be correctly classified,

when using data from both the beginning and end of a REM period.

This study did not focus on finding specific areas whose activity correlates to lucid 

dreaming. Instead it lends evidence to the claim that observed alpha activity can help differentiate 

levels of lucidity. The authors propose that this strengthens the probability of a correlation between 

lucidity and alpha activity, which in turn would strengthen the claim that lucidity is a 

psychophysiologically distinguishable dimension in dreams. Regarding the high alpha activity in 

the beginning of a lucid dream, Tyson et al. (1984) suggests that this could be explained by the 

claim that lucid dreaming often is preceded by prelucid dreaming, previously hypothesized by 

Green (Green, 1968). The heightened alpha activity would be present because some features of 

prelucid dreaming still remain in the lucid dream, and as these features turn less prominent the 

alpha activity decrease. The features proposed to change in the transition from prelucid to lucid are 

bizarreness and predictability, with lucid dreams turning less bizarre and more predictable (Tyson et

al., 1984). 

After the article by Tyson et al. (1984) was published interest in the neural correlates of 

lucid dreaming waned, but after 22 years of no published progress Holzinger and her colleges 

would take up the challenge anew. In their study from 2006 Holzinger, LaBerge, and Levitan used 

EEG to explore what electrophysiological differences existed between lucid dreaming and non-

lucid dreams. The hypothesis was that lucid dreaming would be associated with higher EEG 

frequencies in the alpha or beta band. 

Following the recruiting process 11 subjects were gathered, who all had previous experience

of participating in sleep laboratory studies and also experience in inducing lucid dreaming. 

Recordings of EEG were performed during two nights. Electrooculogram (EOG), electromyogram 

(EMG) and finger plethysmograph (FP) information was also collected. The subjects were 

instructed, before going to sleep, to signal if they were lucid by use of LR2 (left, right, left, right) 



LUCID DREAMING, NEURAL CORRELATES AND PHENOMENOLOGY 19

movement of the eyes. The criteria for making the LR2 signal was that the subject realized the 

current state as a dream and had the ability to control the dream. When the subject woke up an 

investigator collected their dream report. Only dreams that successfully showed LR2 signals in the 

recordings and also had a subjective report of being lucid were judged as lucid. Two independent 

researchers double-checked the LR2 signals and dream report. Six out of 11 subjects showed lucid 

dreaming accompanied with LR2 signaling, and among the 88 periods of REM sleep recorded 16 

were judged as lucid.

The final set which was used for comparison included 42 non-lucid epochs, each of 7,5 

seconds, and 36 lucid epochs of the same length. The variables used to explore differences between 

lucid dreaming and non-lucid dreaming were theta activity, alpha activity, beta-1 activity, beta-2 

activity, total activity, heart rate, eye movement, and muscular activity. Analysis of the variables 

showed an increase in beta-1 activity during lucid dreaming, with a statistical significance in 

parietal regions. The results also pointed to a decrease of frontal beta-1 activity. Taken together, 

fronto to parietal beta-1 activity had a ratio of 1 to 1.77 in lucid dreaming, while non-lucid 

dreaming only had a ratio of 1 to 1.16. These results were consistent with the posed hypothesis that 

either alpha or beta activity should show higher EEG frequencies in lucid dreaming, when 

compared to non-lucid dreaming.

In the published article the results were only briefly discussed, but it was mentioned that the 

parietal region, and especially the left parietal lobe which showed the highest increase of activity, is 

somehow related to semantic capacity. Furthermore, the authors claimed that the left parietal lobe, 

according to some researchers, is crucial for consciousness. Combining these theories, the authors 

hypothesized that the conscious aspect of lucid dreaming would be based on understanding of 

words meaning, for example a statement such as “This is a dream.” (Holzinger et al., 2006).

Following the publication of Holzinger et al. (2006) research on neural correlates of lucid 

dreaming saw a resurgence in interest, with one of most influential articles being published in 2009,
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carried out by Voss, Holzmann, Tuin, and Hobson. Like Holzinger et al. (2006) its main objective 

was searching for the electrophysiological correlates of lucid dreaming, using EEG. The hypothesis 

put forward was that since there is a change of state in the mind during lucid dreaming there must 

also be a change of state in the brain. To avoid the definition problem Voss et al. (2009) point out 

that the type of lucid dream targeted in their study involves control, and as such should be seen as a 

“lucid control dream”.

 Before the study took place 20 students underwent weekly lucidity training sessions for four

months. Out of these 20 students six claimed to achieve lucidity more than three times each week 

once the training was over. These six students became the subjects of the study. Data was collected 

during 2-5 nights for each subject, using a 19-channel EEG, EOG, and EMG. Lucidity was signaled

using LR (left, right) movements of their eyes, with at least two sets performed separated by a brief 

pause. After the subjects awoke from their sleep sessions they were to provide a verbal report of the 

dream experience directly to the experimenter, so the experimenter could confirm that subjective 

experience of lucid dreaming had been present. A criteria for lucidity in the study was lucid control 

over the dream, so the sessions used for analysis correlates to the stricter definition of lucid 

dreaming. 

When comparing the collected data three different states were used, wake with eyes closed 

(WEC), lucid dreaming (lucid), and non-lucid REM sleep (REM). A power analysis displayed that 

in lower frequency bands the overall activity of the brain is about the same in lucid and REM. The 

activity of lucid reach higher levels compared to REM around 28 Hz, and a peek difference can be 

observed in 40 Hz, both frequencies being in gamma range. Compared to WEC both lucid and REM

had higher frequencies in delta and theta bands (1-8 Hz), but significantly lower power in the other 

ranges. To find more specific location of the observed differences a coherence analysis was carried 

out. The analyzed areas were divided into different regions of interest (ROI). Regions were divided 

into frontal, fronto-lateral, central, temporal, occipital, and parietal. When comparing WEC with 
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lucid the results were a similar degree of activation in all ROI. The comparison between lucid and 

REM however showed a significant increase in both fronto-lateral and frontal areas for lucid, with 

the highest difference in the fronto-lateral area. This difference was observable in the range of 36 

Hz and 44 Hz, with a peak difference being shown in the 40 Hz gamma band. Change in activation 

for fronto-lateral and frontal areas was consistent with the authors hypothesis that the experience of 

lucid dreaming should be accompanied with changes in the brain. 

In their discussion the authors use these results to promote their view that lucid dreaming is 

a hybrid state with features of both waking and non-lucid dreaming, and that the shift between 

dreaming in normal REM sleep and lucid dreaming is a shift towards the state of wakefulness. 

According to the authors two of the most primary features that appears in lucid dreaming, and not in

non-lucid dreaming, are self-reflection and voluntary control. They do not however propose that 

their findings necessarily are correlated to these functions, only that the findings show a distinct 

neurophysiological difference between the two states. A further hypothesis proposed by the authors 

is that part of the observed activation might be located in the more specific area of DLPFC. Studies 

lend support to the claim that this area becomes deactivated during REM sleep, and it has been 

hypothesized to be the seat of functions such as volition, self-reflective awareness, and insight. In 

lucid dreaming these functions seem to reappear, and this, the authors propose, implies that the area 

likely gets reactivated. As EEG lacks a higher degree of spatial resolution it would be wrong to 

conclude that this area actually is responsible for the activation, but the frontal activation lends 

further probability to this claim. The findings of the study were not related to any of the previously 

mentioned studies on the neural correlates of lucid dreaming (Voss et al., 2009). 

Task Performance

 The study of Voss et al. (2009) became one on which the majority of further research would 

be based, and most studies concerning lucid dreaming as a state would either discuss this finding or 

at least refer to it. It was, however, not the only study published that year with relevance for the 
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neural basis of lucid dreaming. Later on in the year 2009 an article was published by Piller, and 

though it did not receive even close to the same degree of attention it still gave new perspectives on 

how to research lucid dreaming. The study was a task performance study, and it researched if there 

were differences in difficulty when performing tasks during lucid dreaming that were related to a 

specific hemisphere. Based on previous discussions (Joseph, 1988; Green & McCreery, 1994) the 

author hypothesized that during lucid dreaming tasks related to the left hemisphere would be more 

difficult to perform than tasks related to the right hemisphere. It was also hypothesized that tasks 

related to the left hemisphere would be easier to imagine than dream, and tasks related to the right 

hemisphere would be easier to dream than imagine.

27 subjects were recruited through an online forum for lucid dreaming. Instructions were 

provided through the forum, and if further clarifications were needed they were delivered using 

private messages. All tasks were performed without any observer, dream reports were not collected, 

and the results were collected through a survey. This survey consisted of difficulty ratings for six 

tasks performed in lucid dreaming and two additional questions. The tasks were to read and 

understand a sentence (task 1), to observe and understand a painting (task 2), to write a sentence 

using a pencil (task 3), to draw a cube using a pencil (task 4), to speak a sentence not previously 

heard (task 5), and to hum a song not previously heard (task 6). Once waking from a lucid dream 

subjects filled in the survey by rating the difficulty of each task and also providing answers to two 

questions. These questions were how many lucid dreams the subject on average had each month, 

and with which hand the subject wrote. Following the first survey a second survey was also 

provided in which the subjects were asked to imagine performing these same tasks during waking, 

judge the difficulty, and write down the results. The first and second survey was then collected over 

the forum. Task 1, 3, and 5 were judged as left hemisphere tasks and task 2, 4, and 6 as right 

hemisphere tasks. The comparisons carried out were between task 1 and 2, task 3 and 4, task 5 and 

6. Data from the second survey was used as a control for the first survey. 
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Using an analysis of variance (ANOVA) the data was analyzed with three factors: state, 

handedness, and task lateralization. State was divided into lucid dreaming or imagination, 

handedness into left hand or right hand, and task lateralization into left hemisphere and right 

hemisphere. Results showed a main effect of task lateralization between task 1 and 2, as well as a 

significant three way interaction. Right handed subjects rated the left hemisphere task as more 

difficult in lucid dreaming compared to the right hemisphere task, the left hemisphere task as easier 

in imagination compared to dreaming, and the right hemisphere task as more difficult in 

imagination compared to dreaming. Left handed subjects showed the same results, though less 

significant, except for rating the right hemisphere task as more difficult in dreams compared to 

imagination. Task 3 and 4 showed a main effect in state, with higher difficulty rating for both tasks 

in lucid dreaming than in imagination. Task 5 and 6 showed only marginally significant results in a 

two-way interaction between task lateralization and state, with the left hemisphere task being more 

difficult in lucid dreaming than during imagination and the right hemisphere tasks being more 

difficult in imagination than during lucid dreaming. These results were both consistent and 

inconsistent with the authors hypothesis. For task 1 and task 2 all findings followed the predicted 

pattern, except that the part where left handed subjects rated the right hemisphere task as more 

difficult in dreaming compared to imagination. Results from task 3 and task 4 were inconsistent 

with the posed hypothesis, rating the right hemisphere task as more difficult during dreaming 

compared to imagination. Finally, the results from task 5 and task 6, though only marginally 

significant, followed the pattern predicted by the hypothesis.

When the author discuss the findings he claims that the results altogether lends support to 

the proposed hypothesis. The comparison between task 1 and 2 is consistent with almost all the 

posed predictions, and the inconsistent part is not unexpected as left handed people show a lesser 

degree of lateralization for brain functions. Although the comparison between task 3 and 4 shows 

results inconsistent with the prediction this might be explained using dream reports spontaneously 
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provided by subjects. In these reports the subjects reported problems with manual dexterity and 

image stability in the cube task, abilities that according to the author are implied to be left 

hemisphere reliant. Results from the task 5 and 6 comparison also followed the predicted pattern, 

although only to a marginally significant degree (Piller, 2009).

As was previously mentioned the study by Voss et al. (2009) collected data that guided 

further research in this area, finding increased activation of prefrontal cortex during lucid dreaming 

and hypothesizing this activation relate to DLPFC. Neider et al. (2011) performed a task 

performance study that further tested this hypothesis. Their hypothesis was that there would be 

difference in performance between lucid and non-lucid dreamers in tasks that engaged areas of the 

prefrontal cortex. 

The subjects used in the study were 28 high school students. The tasks used were the 

Wisconsin Card Sort Task (WCST), proven to activate DLPFC, and the Iowa Gambling Task (IGT),

proven to activate ventromedial prefrontal cortex (VMPFC). The design of the experiment was as 

follows: First relevant demographic variables were collected. These included age, sex, grade level, 

and handedness. Following this, the subjects were to perform the two cognitive tasks, WCST and 

IGT, using a computer. Finally, they were to follow a dream awareness protocol before going to 

sleep, to promote dream awareness and lucidity, and fill in a sleep questionnaire and a lucidity 

assessment after awakening. The last part of the procedure was to be performed each day for seven 

consecutive days. Lucid dreaming was seen as a graded phenomenon where meta-awareness 

(awareness of dreaming) combined with control (control over the dream) were defining 

characteristics. 

Scores on the lucidity assessment were used to divide the subjects into two groups, high 

lucidity and low lucidity, and these groups were later used as the basis of comparison. Both meta-

awareness and control was scored for dreams and the lucidity assessment combined these two 

factors to determine if a dream had a high or low degree of lucidity. The results showed no 
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statistically significant differences in performance between the high lucidity and low lucidity groups

when comparing results on the WCST. When comparing the results on the IGT however the high 

lucidity group had a significantly higher performance compared to the low lucidity group, with 

significantly higher scores in three of five test trials. The fact that IGT performance differed 

between the groups supports the authors hypothesis.

The authors mention that although these findings are significant they are based on 

behavioral evidence, and as such need to be confirmed using functional imaging if they are to be 

seen as more than speculative. Also mentioned in the discussion is that the activation of VMPFC 

might in some way be relevant for the difference of meta-awareness when comparing lucid 

dreaming and non-lucid dreaming. An increased ventromedial prefrontal activation that in turn 

activates closely linked areas could hypothetically be enough to lead to an increased awareness of 

state, while still not having enough activation to reach the threshold of wakefulness (Neider et al., 

2011).

Functional Magnetic Resonance Imaging

Up until the year 2012 research on lucid dreaming and its neural basis had primarily 

collected data using EEG and task performance. Valuable as this data was other methods would be 

needed to further test previous hypotheses and give more reliable findings. This was a primary 

reason as to why Dresler et al. (2012) carried out the first functional magnetic resonance imaging 

(fMRI) study in this field of research, using combined recordings of both EEG and fMRI. The goal 

of the study was to give some early neuroimaging data on which neural differences exist between 

lucid dreaming and non-lucid dreaming. No hypothesis was proposed by the authors.

Four subjects were recruited for the study, all experienced lucid dreamers and all reportedly 

able to sleep in a MRI scanner. For two to six successive nights the subjects slept in a MRI scanner, 

while at the same time being monitored using polysomnography. The polysomnographic recordings 

were collected using a 19-channel EEG, EOG, EMG, and ECG. To determine if lucidity was present
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during a specific period LRLR (left-right-left-right) signals were to be made by the subject when 

they achieved lucidity, and this was then recorded using the EOG. After the LRLR signal the 

subjects were to clench one of their fists for ten seconds and then do the LRLR signal again. This 

procedure should be repeated for as long as possible. After the subjects had performed the signal 

and then stopped following the procedure for 40 seconds the subjects were woken by an 

experimenter and then asked to give a dream report. Following this procedure only two people gave

clear signs of REM sleep when the recordings were made, and only one of these had verified lucid 

dreams. This subject had two periods of verified lucid dreaming and these periods became the 

objects of analysis, turning the study into a case study. 

Once the data had been collected an analysis was made to distinguish which areas showed 

an significant increase in activation compared to non-lucid dreaming. The analysis showed an 

increase in 9 areas: the bilateral precuneus, bilateral inferior parietal lobules, bilateral superior 

parietal lobules, bilateral basal occipitotemporal cortex, left frontopolar cortex, right frontopolar 

cortex, right DLPFC, right cuneus, and bilateral lingual gyrus. Because Dresler et al. (2012) did not 

present any hypothesis in their article these results were neither consistent or inconsistent with any 

predictions made by the authors.

These findings were later on discussed in relation to different phenomenological aspects of 

lucid dreaming. Dresler and colleagues (2012) support the hypothesis of Voss et al. (2009) that 

DLPFC, more specifically the right DLPFC, is further activated in lucid dreaming, referring to 

findings that it is associated with higher cognitive functions such as self-focused metacognitive 

evaluation. They further hypothesis that it might play a part in the increased demand of working 

memory related to their tasks, together with the parietal lobules. The increased activation of the 

bilateral frontopolar areas is explained by findings claiming it to be in part responsible for the 

process of evaluating thought and feelings. Finally, the activation of the precuneus is explored. 

According to the authors this activation corresponds to the increase of self-referential processing 
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observed in lucid dreaming. This gives functions such as taking of a first-person perspective and 

being able to experience agency, which are important for the reflection of state needed for lucid 

dreaming to appear. 

Transcranial Direct Current Stimulation

Research on lucid dreaming had now started to incorporate new methods and instruments. 

The study by Dresler et al. (2012) proved that valuable data could be collected using fMRI, and in 

an article from 2010 Noreika et al. had already proposed the use of stimulation techniques such as 

transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS). The last

study until now that has explored lucid dreaming from the view of underlying neural basis used the 

tDCS approach and was performed by Stumbrys et al., being published in the year 2013. In this 

study the experimenters wanted to explore the validity of previous claims that the prefrontal cortex 

plays a major part in lucid dreaming, which had gained support from some of the earlier studies. 

TDCS was used to do this and at the same time go beyond the correlational data EEG studies 

provided, allowing experimental activation of the area DLPFC and seeing if this activation 

increased either occurrence of lucid dreaming or any phenomenological aspect of lucid dreaming. 

Like Dresler et al. (2012) the authors did not provide any information on which results had been 

expected before the study was carried out.

Subjects were recruited based on their dream recall, sleep quality, lack of disorders, and 

dream lucidity. The subjects were then tested during an adaptation night to check for any sleep 

disorders or general sensitivity to tDCS. The final data was based on 19 subjects. The experiment 

went on for three nights, with the first night being the adaptation night. During one of the 

experimental nights the subjects received tDCS stimulation and during the other night sham 

stimulation was given. At the same time polysomnographic recordings were taken using EEG, 

EOG, EMG, and ECG. To signal lucidity a LRLRLR (left-right-left-right-left-right) signal was 

used, which should be started when lucidity was subjectively present and should be performed for 
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as long as possible. One minute after the stimulation were stopped the subjects were woken up and 

a dream report was collected by an experimenter using predetermined questions, for example if they

had done the LRLRLR signal and if the dream differed in some way from normal dreams. These 

reports were then judged by an external judge. When the experiment was complete there had been 

109 recordings of REM awakenings. Among these awakenings only one was verified as lucid, 

giving the LRLRLR signal and being judged as lucid by an external judge. 

When comparing dream reports between the two experimental nights it was shown that the 

dream reports following tDCS were longer, subjects rated the dreams with tDCS as more lucid, and 

external judges rated the dreams with tDCS as more lucid and also slightly more bizarre. Following 

this a post-hoc analysis was carried out. On individual factors the analysis showed that tDCS night 

subjects were more aware of dream objects being not real objects. The analysis also showed 

tendencies towards better recognition of dream characters not being real characters, higher 

understanding of the real body sleeping, and more deliberate choices being made. After this a new 

post-hoc analysis was made, dividing the subjects into a high-lucidity group and a low-lucidity 

group. This analysis showed that the only significant differences existed in the high-lucidity group, 

with barely any changes in the low-lucidity group. The only significant difference for low-lucidity 

dreamers was an increase of deliberate choices. Even though these findings are primarily applicable

to experienced lucid dreamers, the data presented here lends support to the theory that activation of 

DLPFC is related to differences in experience between lucid dreaming and non-lucid dreaming. The

differences observed in this study was increased dream awareness, higher degree of control, and a 

subjective experience of being lucid. 

In the discussion of the article it was proposed that the effects of tDCS over DLPFC is not 

very strong in infrequent to never occurring lucid dreamers. According to the authors this could be 

because lucid dreaming need activation of a much larger network to achieve a stable state. This 

hypothesis finds its root in the findings of Dresler et al. (2012), who observed an increased 
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activation in DLPFC and other areas. Another proposed possibility is that the tDCS stimulation did 

not reach a sufficient threshold to induce lucidity for the low-lucidity group, with the high-lucidity 

having a lower threshold to reach. Even though results were found in the study, which lends support

to the claim that DLPFC is involved in the state of lucid dreaming, the authors still claim that the 

effects of tDCS were quite small and as such tDCS might not be a very efficient tool for inducing 

lucidity. The finding that stimulation of DLPFC was able to induce aspects of lucid dreaming for the

subjects was discussed in terms of functions DLPFC usually is associated with. Increased amount of

deliberate choices for subjects in the low-lucidity group was explained as DLPFC playing a role in 

decision-making and increased awareness for high-lucidity subjects was related to involvement of 

DLPFC for working memory. An association between DLPFC and conscious perception was also 

mentioned (Stumbrys et al., 2013).

Comparing Neural Correlates with Phenomenological Aspects

In the first mentioned study, by Tyson et al. (1984), a change of alpha activity was observed, 

with non-lucid dreaming displaying the overall lowest levels of alpha activity, prelucid dreaming 

the overall highest levels of alpha activity, and lucid dreaming both low and high levels of alpha 

activity. Because of their focus the authors did not discuss their findings in terms of correlations 

between certain brain areas and phenomenology. Instead they focused on how changes in brain 

activity for a specific brain wave might be able to affect dream experiences. Two predictions 

regarding phenomenology were made by the authors, first that the dimension of lucidity is 

connected to alpha activity, second that the decrease of alpha activity between the prelucid and lucid

state is coupled with a decrease of bizarreness and an increase of predictability. The first prediction 

was based on the studies findings and the authors previously posed alpha-lucidity hypothesis 

(Ogilvie et al., 1982), but did not have any other studies to back it up. The second prediction seems 

to have been developed based on the authors view on non-lucid dreaming and prelucid dreaming. 

Prelucid dreaming was seen as a state characterized by a high degree of bizarreness and a low 
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degree of predictability, while non-lucid dreaming was described as the opposite. With the results of

Tyson et al. (1984), which placed lucid dreaming as a state in between the two other states, the 

authors speculated that the dimensions of bizarreness and predictability likely change as alpha 

activity change. This would mean that lucid dreaming should have higher degrees of bizarreness 

and lower degrees of predictability compared to non-lucid dreaming, but lower degrees of 

bizarreness and higher degrees of predictability compared to prelucid dreaming. The assumption 

that non-lucid dreaming and prelucid dreaming differ in bizarreness was based on findings from the 

same article, but no other references were mentioned which lends support any aspect of this alpha-

bizarreness/predictability hypothesis.

The second study, by Holzinger et al. (2006), found an increase in beta activity for the 

parietal lobe. Discussions of these findings were very limited, and as such the article only made few

predictions of what phenomenology the observed neural correlate might be connected to. The one 

prediction made was that this activation relate to semantic understanding of some phrase, and that 

this understanding could induced consciousness for the non-lucid dream, making it instead lucid. 

The proposed phrase that might induce lucidity was “This is a dream.” This hypothesis was based 

on two assumptions, first that the parietal lobe is connected to semantic understanding, second that 

parietal lobe is related to consciousness. Regarding the first assumption the authors based it on the 

research by Wernicke (1874). The second assumption, however, was based on more dubious 

sources, referring to an article by Taylor (1999) which has been cited few times. 

Next the third study, by Voss et al. (2009), collected data which when analyzed displayed 

increased gamma activity for fronto-lateral and frontal area. Further discussion of these findings 

made the authors hypothesize that parts of this activation stem from the area DLPFC, and that this 

area should be responsible for reintroducing features such as volition, self-reflective awareness, and

insight for lucid dreaming compared to non-lucid dreaming. This hypothesis was built on the data 

from Maquet et al. (1996), which showed that among other areas the DLPFC was deactivated in 



LUCID DREAMING, NEURAL CORRELATES AND PHENOMENOLOGY 31

non-lucid dreaming compared to wakefulness, and their own hypothesis that the shift between 

dreaming in normal REM sleep and lucid dreaming is a shift towards the state of wakefulness. 

When combining these assumptions with those of Muzur et al. (2002), claiming that DLPFC likely 

is responsible for reduced meta-awareness in non-lucid dreaming, the authors reached the 

hypothesis that DLPFC reactivate in lucid dreaming and provide lucid dreaming with features of 

meta-awareness, which could include volition, self-reflective awareness, and insight.

Following this the fourth study, conducted by Piller (2009), gathered support for a right 

hemisphere dominance theory in lucid dreaming. This theory helped form the conducted study and 

as such was not based on reflections of the data collected. Instead it was developed from the studies 

finding higher levels of brain activity in the right hemisphere during non-lucid dreaming (Joseph, 

1988), and three assumptions regarding the phenomenology of lucid dreaming. One of these 

assumptions was that lucid dreaming is a highly visuospatial task. Visuospatial ability has primarily 

been linked to activation of the right hemisphere (Gazzaniga et al., 2014), and in their book Green 

and McCreery (1994) predicted that lucid dreaming to a large degree is a visuospatial task. Another 

assumption was that lucid dreaming involve a significant degree of affective behavior. After 

analyzing data on cerebral specialization Joseph (1988) concluded that the right hemisphere is 

dominant for regulation of affective behavior, and some of the earlier scientific publications on 

lucid dreaming support the claim that lucid dreaming is highly emotional (Gackenbach & Bosveld, 

1989; Green & McCreery, 1994). The final assumption was that reading is more difficult during 

lucid dreaming. Most aspects of reading are related to language, which has been judged as a left-

hemisphere dominant phenomenon by a multitude of studies (Gazzaniga et al., 2014), and as for 

reading in lucid dreaming some literature claim that words frequently change when being read 

(Green & McCreery, 1994, LaBerge & DeGracia, 2000).

Over to the fifth study, by Neider et al. (2011), it showed that frequent lucid dreamers, 

compared to infrequent dreamers, performed better on the Iowa Gambling Task, a test associated 
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with high activation of VMPFC. According to the authors VMPFC is relevant for the meta-

awareness aspect associated with lucid dreaming, namely the insight that the experienced dream 

actually is a dream. This would be the same aspect many other researchers would attribute to 

activation of DLPFC, but unlike DLPFC VMPFC reactivate in REM sleep compared to NREM 

sleep (Nofzinger, Mintun, Wiseman, Kupfer, & Moore, 1997). This reactivation, the authors 

hypothesized, increase even more when a shift from non-lucid REM dreaming to lucid dreaming 

occur. Then, when reaching a sufficient threshold, this VMPFC activity would spread to densely 

connected areas in prefrontal cortex. This in turn should supply enough brain activity for functions 

such as insight, while still not reaching the threshold needed for waking up. The authors 

acknowledged that this is a highly speculative hypothesis, and they mentioned few articles that 

support it. Only the part claiming that a sufficient activation of VMPFC can spread to connected 

regions is clearly supported by previous literature (Petrides & Pandya, 2002). 

The sixth study presented in this article, by Dresler et al. (2012), discovered increased 

activation for a wide network of areas when using fMRI to compare non-lucid and lucid dreams. 

Four of the observed nine areas were discussed in relation to phenomenological aspects of lucid 

dreaming. DLPFC was the first area mentioned, and like Voss et al. (2009) the authors discussed the

activation of this area in terms of increased meta-awareness. A recent fMRI study was refereed to 

(Schmitz, Kawahara-Baccus, & Johnson, 2009) which supports the claim that metacognitive 

evaluation is closely related to the right DLPFC. The area of DLPFC was also discussed in relation 

to working memory. As previously mentioned memory is a phenomenological aspect with reduced 

efficiency in non-lucid dreaming, which previously has been linked to DLPFC deactivation (Kahn 

& Gover, 2010). Dresler et al. (2012) theorized that the activation of DLPFC, in combination with 

the observed activation of the parietal lobules, could be responsible for reintroducing aspects of 

memory into lucid dreaming. This proposed relationship between memory, DLPFC, and parietal 

regions is also backed by neuroimaging data (Smith & Jonides, 1998). After discussing DLPFC and 
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parietal regions the activation of bilateral frontopolar areas in lucid dreaming was explored. These 

areas might have a connection with the lucid dreaming factor of insight, the authors proposed, with 

a fMRI study claiming that the area likely is involved in the process of evaluating internal 

information (Christoff, Ream, Geddes, & Gabrieli, 2003). The strongest activation observed was in 

precuneus, an area which has been connected to self-referential processing (Cavanna & Trimble, 

2006). First-person perspective and experience of agency are processes associated with this type of 

processing, both of which according to the authors are important functions when reflecting on state 

and reaching insight. 

In the final article presented Stumbrys et al. (2013) observed that tDCS stimulation of 

DLPFC affected some factors relevant for lucid dreaming, with stimulated subjects reporting 

increased dream awareness, higher degree of control, and a subjective experience of being lucid. 

Three functions of DLPFC was mentioned when the authors explained why DLPFC stimulation had

shown any effects. These functions were DLPFC role in decision-making, working memory, and 

conscious perception. According to the authors, the role of decision-making in relation to lucid 

dreaming can be observed by relating it to the control factor often associated with lucid dreaming. If

decisions can be made then the subjects would have some degree of control. That DLPFC is 

somehow related to decision-making gets support from a meta-analysis study, which showed that 

ambiguous decision-making was significantly associated with DLPFC (Krain, Wilson, Arbuckle, 

Castellanos, & Milham, 2006). Next, the authors explained that working memory can be observed 

in lucid dreaming in its importance for the factor insight. Without some degree of working memory 

in relation to wakefulness subjects would not be able recognize the true character of a dream, 

reaching the insight that the world observed is not the one of wakefulness. The role of DLPFC for 

memory was already mentioned in the article by Dresler et al. (2012), but Stumbrys et al. (2013) 

refereed to another source in support of this claim, which evaluated recent fMRI studies and found 

DLPFC to be in part responsible for maintenance of information (Curtis & D´Esposito, 2003). 
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Finally, the authors related DLPFC to conscious perception. The state of lucid dreaming is basically 

defined as dreaming with conscious perception, so the involvement of it in lucid dreaming is quite 

certain. In a relatively recent MRI (Lau & Passingham, 2006) data showed that the mid part of 

DLPFC is the area which neural activity most strongly correlate to conscious perception, so some 

evidence for this link does exist. 

Methods for Further Research on Neural Correlates

When observing the history of scientific research on lucid dreaming and its neural basis it 

soon becomes apparent that as the basic data grew, more methods of research were employed. The 

first studies (Tyson et al., 1984; Holzinger et al., 2006; Voss et al., 2009) all used EEG as their 

primary tool for data collection. Following this, the field of research turned to task performance to 

provide more data (Piller, 2009; Neider et al., 2011). Then fMRI was employed for further 

information acquisition (Dresler et al., 2012), and finally stimulation techniques in the form of 

tDCS provided the most recent available data (Stumbrys et al., 2013). In 2010 Noreika, Windt, 

Lenggenhager, and Karim had one of their articles published, and here they proposed that 

stimulation techniques will be at the forefront of the further research on neural correlates. Their 

article was published as a commentary on a recent publication by Hobson (2009), and strongly 

favored the use of stimulation techniques in lucid dreaming research. In this article they propose the

use of three different stimulation techniques, transcranial magnetic stimulation (TMS), transcranial 

direct current stimulation (tDCS), and galvanic vestibular stimulation (GVS). According to Noreika 

et al. (2010) EEG and fMRI data has been very valuable in providing and testing hypotheses about 

neuronal correlates. The problem with these methods, however, is that an observed correlation 

might be an indirect activation caused by uncontrolled variables, or even an activation that is caused

by the actual neural mechanism but is shown in another area. These problems are easier to avoid 

when using methods that directly control the modulation of the brain, which is exactly what 

stimulation techniques do. Because of this, Noreika et al. (2009) suggest that data collected with 
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stimulation techniques should be valuable complements to the already existing data and should help

in backing up or falsifying already proposed hypotheses.

As was already mentioned, stimulation techniques first provided valuable data for the neural

correlates of lucid dreaming in the year 2013, when Stumbrys et al. explored the validity of the 

prefrontal cortex hypothesis put forward by Voss et al. (2009). In the year 2014 another lucid 

dreaming stimulation study was published, which could revolutionize the whole field of research by

solving one or both of the biggest issues associated with lucid dreaming research. Using the 

relatively new method of transcranial alternating current stimulation (tACS), Voss et al. (2014) 

explored if stimulation induced activation of fronto-temporal areas in the gamma band frequency 

might be able to induce lucidity in test subjects. 

27 subjects were recruited to participate in the study, all of whom lacked previous 

experience with induction of lucid dreaming. Following recruitment data was collected during one 

to four nights in a sleep laboratory. Using tACS the targeted fronto-temporal area was stimulated. 

When applying tACS data was collected on several frequencies, including stimulation of 2, 6, 12, 

25, 40, 70, and 100 Hz. Even though the hypothesis was that 40 Hz stimulation would be the 

frequency correlated with lucid dreaming, the authors wanted to investigate if any other frequencies

were able to induced the state. Sham stimulation of 30 seconds were also carried out, the data of 

which were later used as a control factor. This stimulation involved pressing the button to activate 

tACS, but did not involve any current being applied. Stimulation was only applied after the subjects

had shown uninterrupted REM sleep for at least two minutes. REM sleep was monitored using 

EEG, EOG, and EMG, and this equipment was also used to measure brain activity during all stages 

of sleep. Following stimulation subjects were woken up by the experimenters and asked to provide 

a dream report as well as rate their dream experience using the LuCiD scale, previously described in

the phenomenology part of the lucid dreaming section. 28 questions were asked by the 

experimenters and then answered by the subjects. The answers were then used to score the eight 
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factors included in the LuCiD scale. Both dream reports and answers to the 28 questions were 

recorded by experimenters. Using this procedure EEG data from 207 stimulations was collected, all 

of which were accompanied with dream reports. This data was then used for analysis. Any 

stimulation which either awoke the subjects or was not coupled with a dream report was excluded 

from all analyses.

Following statistical analysis of the collected data the authors observed an increase in lower 

gamma band activity when stimulating with 40 Hz. There was also signs of increased activity 

following 25 Hz stimulation, however, this activity was not as strong as the one following 40 Hz 

stimulation. No change of activity was observable during sham stimulation or stimulation of any 

other frequency. When analyzing data collected with the LuCiD scale results showed that 77 % of 

dreams accompanied with 40 Hz stimulation were subjectively judged as lucid, and this was also 

judged for 58 % of dreams accompanied with 25 Hz stimulation. In the cases where stimulation of 

40 or 25 Hz were not coupled with the subjective experience of lucidity EEG data still displayed an 

increase in lower gamma band activity, but this increase was significantly lower than for 

stimulations accompanied with subjective lucidity. Further analysis of the LuCiD scale showed that 

five factors of the scale had higher scores in dreams with 40 or 25 Hz stimulation, when compared 

to scores of dreams coupled with stimulation using other or no frequencies. The factors were 

insight, control, realism, memory, and dissociation. Among these the factors insight, control, and 

dissociation showed the highest difference in scores. 40 Hz stimulation gave the highest ratings for 

both dissociation and insight, but was not accompanied by a significant increase in control. 25 Hz 

had lower scores on dissociation and insight compared to 40 Hz stimulation, but was the only 

frequency that induced a significantly higher degree of control. Taken together these results show 

that stimulation induced activity over fronto-temporal areas in the gamma band frequency, 

specifically for the frequencies 40 and 25 Hz, is indeed able to induce lucidity in test subjects. Such 

induction is most reliable using 40 Hz stimulation, but is possible with 25 Hz stimulation. 
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Discussion

Looking back the main purpose of this essay was to explore the neural basis of lucid 

dreaming. So what did this essay actually display regarding this? One thing it showed was that there

have been quite a few different hypothesis in this area. The first hypothesis of neural basis 

correlated with lucid dreaming presented in this essay was developed as early as 1982 (Ogilvie et 

al., 1982). This alpha-lucidity hypothesis claimed that lucidity was a distinct dimension in dreams, 

and that this dimension was related to brain levels of alpha activity. Following this Holzinger et al. 

(2006) developed and tested a beta-lucidity theory, arguing that lucid dreaming was connected with 

beta and possibly alpha activity. Then Voss et al. (2009) proposed their DLPFC hypothesis, which 

predicted a central role for DLPFC in lucid dreaming. Shortly after a right hemisphere hypothesize 

was suggested by Piller (2009), which assumed that lucid dreaming is a right hemispherically 

dominated phenomenon. Finally a VMPFC hypothesis was put forward by Neider et al. (2011), 

connecting the state of lucid dreaming with the brain area of VMPFC. 

Quite a few hypotheses have been put forward claiming to represent some of the neural basis

correlated to lucid dreaming, but how well were they supported by the lucid dreaming literature as a

whole? The first proposed hypothesis, connecting alpha activity with the dimension of lucidity, was 

backed by findings from the EEG study by Tyson et al. (1984), but since then no other team of 

researchers have provided any data in support of this hypothesis. This also seems to be the case for 

the beta-lucidity hypothesis, which only found support from the EEG study by Holzinger et al. 

(2006), as well as Pillers right hemisphere hypothesis, only supported by the task performance study

of Piller (2009). The VMPFC hypothesis was primarily backed by findings from the task 

performance study by Neider et al. (2011), but had some limited support from the EEG research by 

Voss et al. (2009). This study presented EEG data which showed an increased activity for fronto-

lateral and frontal areas, and even though the authors themselves hypothesized that this activation 

likely related to reactivation of DLPFC this activation could also have been connected to an 
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increased activation of VMPFC. Among the hypotheses proposed only one has received clear 

support from multiple studies, namely the DLPFC hypothesis. At first this study was only backed 

by EEG data (Voss et al., 2009), which due to its low spatial resolution makes it hard to relate data 

to a more specific brain area, but then it gained support from both a fMRI study (Dresler et al., 

2012) and a tDCS stimulation study (Stumbrys et al., 2013). One presented study did find data 

inconsistent with the hypothesis (Neider et al., 2011), but since it was a task-performance study the 

data collected seem to be less reliable than the data from fMRI and stimulation studies. 

The DLPFC hypothesis predicted that reactivation of the area DLPFC is part of the 

underlying neural basis for lucid dreaming as a state, and since it is the hypothesis with most 

supportive data backing it this prediction does not seem to be very far-fetched. This essay did 

however also show that neural correlates have been discovered which were not predicted by any 

hypothesis. In their fMRI study from 2012 Dresler et al. did find higher activity for DLPFC when 

comparing lucid dreaming to non-lucid dreaming, but increased activity was also observed in a 

wide network of areas, including precuneus, the parietal lobules, bilateral frontal areas, and others. 

Dresler et al. (2012) only observe one signal verified lucid dream coupled with a dream 

report judged as lucid. This induction problem was apparent for at least two of the mentioned 

studies on the neural correlates of lucid dreaming, with 3 subjects properly signaling lucidity in 

Voss et al. (2009) and only one subject giving the LR signal and a dream report in the study by 

Stumbrys et al. (2013). Since neither of the task performance studies (Piller, 2009; Neider et al., 

2011) attempted to induce lucid dreaming in a laboratory setting this problem was not observed. For

Tyson et al. (1984) the article was unclear about how many dreams were judged as lucid or 

prelucid, with only the total number of dreams observed being presented. Because of this it is 

impossible to judge if the induction problem was present or not. The only study which actually 

verified sessions of lucid dreaming for the majority of its subject was Holzinger et al. (2006), with 6

out of 11 subjects properly signaling lucidity. Only speculations can be provided on why this is the 
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case. The LR2 signal used in their experiment might be easier to perform than the LR signals 

employed in the other studies. It is also possible that the subjects recruited were more experienced 

lucid dreamers. As for the other problem previously mentioned, that of few subjects, it was 

primarily present for the laboratory studies. Dresler et al. (2012) had the smallest sample, with only 

4 subjects recruited, and Stumbrys et al. (2013) employed the highest sample, with 19 subjects. That

Stumbrys et al. (2013) had at least twice the sample size compared to other laboratory studies can 

be explained by the fact that both frequent and infrequent lucid dreamer were recruited. The task 

performance studies had the strongest samples with 27-28 subjects. This is not very surprising since

the subjects of Piller et al. (2009) were not required to perform any of their tests in a laboratory 

setting, and Neider et al. (2011) did not recruit based on degree of lucidity. 

Problems associated with research on lucid dreaming seems to be one of the main reasons as

to why only a few studies have explored the neural correlates of lucid dreaming. If these problems 

were solved though this area of research would likely develop much more rapidly. The study by 

Voss et al. (2014) seems to provide such a solution. If tACS stimulation of fronto-temporal areas in 

the 40 Hz frequency is indeed able to induce lucidity in 77 % of subjects, then studies could recruit 

a much larger sample and still test dimensions of lucid dreaming experimentally. The induction 

problem would also be greatly reduced as all of these findings were based on data collected in a 

sleep laboratory. Replications of the collected data will need to be made before the finding can truly

be judged as revolutionary, but for now things look very promising for the further research on lucid 

dreaming and its neural correlates. 

This essay mainly focused on neural basis of lucid dreaming, but a secondary focus was put 

on exploring the relation between proposed neural correlates of lucid dreaming and 

phenomenological aspects associated with the state. Though not always particularly well supported, 

all studies exploring the neural basis connected to lucid dreaming also mentioned their findings in 

relation to one or more phenomenological aspect. Tyson et al. (1984) proposed that the lucidity 
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dimension, which is most relevant for lucid dreaming, is related to alpha activity. They also 

assumed that the change between waking, lucid dreaming and lucid dreaming was accompanied by 

a change in bizarreness and predictability. Both notions were anchored in their own research and 

lacked support from other sources. As for Holzinger et al. (2006) their findings were related to 

semantic and conscious aspects of lucid dreaming, The semantic aspect was connected with well 

established research by Wernicke (1874), but the relation between parietal lobe and consciousness 

did not appear to be equally supported. Following this were predictions by Voss et al. (2009), 

claiming that a reactivation of DLPFC could be responsible for introducing meta-awareness into 

dreaming. This claim was reasonably well supported, combining their data with fMRI of non-lucid 

dreaming and a hypothesized connection between DLPFC and reduced meta-awareness in non-lucid

dreaming. The connection between lucid dreaming and the right hemisphere researched in the study

by Piller (2009) assumed that lucid dreaming is a visuospatial task, that it involves a significant 

degree of affective behavior, and that reading is more difficult during the state. Claiming that 

visuospatial ability and affective behavior is primarily related to the right hemisphere and that 

reading is not seemed to be supported by well established sources, but that the same relationship 

should exist in lucid dreaming appeared not as likely, with most sources being relatively old books.

A relation between VMPFC and insight, as proposed in Neider et al. (2011), also seems to lack 

strong evidence. This hypothesis was according to the authors highly speculative, only backed by 

one reference. The article with the strongest support from established literature appears to be the the

one by Dresler et al. (2012). Relating DLPFC to meta-awareness, parietal lobules and DLPFC to 

memory, bilateral frontal areas to insight, and precuneus to self-referential processing, this article 

provided strong support for every claim, referring to highly cited studies, most of which were MRI 

related. Finally the article by Stumbrys et al. (2013) proposed a relation between DLPFC and lucid 

dreaming through the features decision-making, working memory, and conscious perception. 

Though not as robustly supported as the predictions by Dresler et al. (2012) the relations here were 
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all based on previous, well cited research, and as such were judged to be somewhat trustworthy.

It was noted that findings on the neural correlates of lucid dreaming often were related to 

data on non-lucid dreaming. Much of the discussion by Voss et al. (2009) mentioned their findings 

in relation to the observations by Maquet et al. (1996), which found among other areas a decreased 

activity for DLPFC during non-lucid dreaming. These observations were central for the 

development of the DLPFC hypothesis as well. The right hemisphere hypothesis by Piller (2009) 

also built on previous findings linking non-lucid dreaming with the right hemisphere (Joseph, 

1988). Then Neider et al. (2011) provided research data on normal REM dreaming when attempting

to further validate their VMPFC hypothesis, showing that VMPFC is reactivated in REM sleep 

compared to NREM sleep (Nofzinger et al., 1997). Data from non-lucid dreaming was also refereed

to when explaining observed neural correlates in relation to phenomenology. The link between 

DLPFC and meta-awareness was proposed by a few authors, with Voss et al. (2009) basing this on 

the non-lucid dreaming findings by Muzur et al. (2002) and Dresler et al. (2012) further supporting 

this link by referring to findings on non-lucid dreaming by Kahn and Gover (2010). 

Conclusion

Among the several hypotheses presented in this essay, the DLPFC hypothesis by Voss et al. 

(2009) was judged as most validated. This hypothesis was explored in several studies, with most 

lending clear support to an association between DLPFC activity and the lucid dreaming state. 

Following this it was also concluded that the area DLPFC is the area most likely associated with the

state of lucid dreaming. Apart from DLPFC several other areas were suggested to correlate with 

lucid dreaming, including parietal areas, frontal areas, and precuneus, and though they did not 

receive support from as many studies no data has been observed which could falsify these claims. 

The problems that have affected research on lucid dreaming appeared to be quite severe in the 

inspected studies. All laboratory based research showed both a small number of subjects rated as 

frequent lucid dreamers and a difficulty in observing signal verified lucid dreams for the few 
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subjects recruited. Though research has been problematic, further research on neural correlates was 

evaluated as promising. The justification for this came from a recent tACS study which succeed in 

inducing lucid dreaming for 77 % of its subjects, all of whom had no previous experience with lucid

dreaming induction. Regarding the connection between observed neural correlates and 

phenomenological aspects of lucid dreaming, the article by Dresler et al. (2012) was judged as the 

article which provided the strongest evidence for its claims, connecting DLPFC to meta-awareness, 

parietal lobules and DLPFC to memory, and bilateral frontal areas to insight. While some articles 

supported their claims reasonably well (Voss et al., 2009; Stumbrys et al., 2013), others gave 

lacking to barely existing evidence (Tyson et al., 1984; Holzinger et al., 2006; Piller, 2009; Neider 

et al., 2011). Finally it was observed that data on non-lucid dreaming is quite frequently mentioned 

when trying to establish further validity for a hypothesis or finding. 
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