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Gambling tasks, then for 1 week kept dream journals and reported sleep quality and lucid-
ity-related dream characteristics. Participants who exhibited a greater degree of lucidity
performed significantly better on the task that engages the ventromedial prefrontal cortex
(the lowa Gambling Task), but degree of lucidity achieved did not distinguish performance
on the task that engages the dorsolateral prefrontal cortex (the Wisconsin Card Sort Task),
nor did it distinguish self-reported sleep quality or baseline characteristics. The association
between performance on the lowa Gambling Task and lucidity suggests a connection
between lucid dreaming and ventromedial prefrontal function.

© 2010 Elsevier Inc. All rights reserved.

Self-consciousness

1. Introduction

Dreaming is a state of consciousness that shares some characteristics with waking consciousness. In both states, there is
an awareness of objects and events, and an awareness of oneself (Cicogna & Bosinelli, 2001). This similarity of awareness
may reflect similar brain activation. In particular, forebrain activation by ascending arousal systems of the brainstem, dien-
cephalon and basal forebrain promote consciousness in both waking and dreaming, albeit by anatomically and neurochem-
ically distinct mechanisms (Hobson, 1988; Hobson, Pace-Schott, & Stickgold, 2000; Muzur, Pace-Schott, & Hobson, 2002). A
key difference in the conscious experience of waking, however, is the presence of meta-awareness or self-consciousness —
insight into ones mental state. For example, in waking but not in dreaming there is an awareness of being awake, and the
ability conceive of and differentiate the waking state from alternate mental states such as dreaming (Pace-Schott, 2010;
Rechtschaffen, 1978).

A notable exception to this generality, however, is the phenomenon of lucid dreaming - the explicit awareness, while
dreaming, that one is dreaming (LaBerge, 1990, 1992, 2000, 2007). Lucidity may also be accompanied by the ability to exert
deliberate control over dream outcome (LaBerge, 2007). Although the detection and characterization of lucid dreams must
rely to a great extent on the report of the dreamer, pioneering experiments by LaBerge and colleagues demonstrated
that experienced lucid dreamers were able to signal that they were having a lucid dream by specific eye movements,
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pre-determined before sleep and detected by electro-oculogram during REM sleep (Laberge, Nagel, Dement, & Zarcone,
1981) as well as by voluntary control of respiration (LaBerge, 1990).

Fully lucid dreams occur on a continuum of lucidity with typical dreams (Barrett, 1992; Lequerica, 1996). Training can
increase the frequency of lucid dreams and the degree of lucidity achieved (LaBerge, 1990; Purcell, Mullington, Moffitt, Hoff-
mann, & Pigeau, 1986), with proficient lucid dreamers typically achieving their results only after extensive self-training
(LaBerge, 1990, 1992, 2000, 2007). Despite the rarity of spontaneous lucidity, metacognition in dreams, or a degree of
self-reflection about dream thoughts, intentions and feelings, may be more common than previously thought (Kahan &
LaBerge, 1994; Kahan, Laberge, Levitan, & Zimbardo, 1997). For example, a study directly comparing waking and normal
dreaming found similar levels of self-reflection and about half as much voluntary choice in dreams relative to waking
(LaBerge, 2000). Similarly, the ability to reflect on the contents of ones own and other dream characters’ minds, (so-called
“theory-of-mind”; Frith & Frith, 2006), has been shown to be ubiquitous in dreaming (Kahn & Hobson, 2005; Macnamara,
Mclaren, Wowalczyk, & Pace-Schott, 2007; Pace-Schott, 2001).

Both normal and lucid dreaming are most commonly reported following awakenings from REM-containing periods of
sleep (Hobson et al., 2000; LaBerge, 1990, 1992, 2000, 2007; Nielsen, 2000). Whereas there is a substantial rate of reporting
normal dreaming following awakenings from non-REM (NREM) sleep (Foulkes, 1962; Nielsen, 2000), lucid dreaming appears
to be much more closely related to REM sleep (LaBerge, 1990, 1992, 2000, 2007). Brain activity during lucid dreams is similar
to that during typical REM sleep in some respects (e.g. the absence of waking-like alpha [8-12 Hz] activity), but differs in
others (e.g. brain activity over 30 Hz) (Voss, Holzmann, Tuin, & Hobson, 2009). Hence lucid dreams may arise from periods
of REM sleep (e.g. with transient elevation of brain activity during the phasic [rapid eye movement containing] periods of
REM (Brylowski, Levitan, & Laberge, 1989; LaBerge, 2007)), but are not REM sleep phenomena per se (Voss et al., 2009).

In typical dreams, the lack of awareness that one is dreaming has been attributed to deactivation of lateral frontal exec-
utive areas relative to waking (Hobson et al., 2000; Muzur et al., 2002). Indeed, it is these frontolateral regions, along with
certain posterior multimodal association areas, that PET studies have shown remain deactivated throughout sleep, including
REM (Braun et al., 1998; Braun, Balkin, Wesenten, et al., 1997; Maquet, Peters, Aerts, et al., 1996; Maquet, Ruby, Maudoux,
et al.,, 2005). Such deactivation during normal dreaming may impair working memory such that the ability to retrospectively
compare ongoing experience to experiences moments earlier is lost (Pace-Schott, 2005). If lack of lucidity in typical dreams
reflects deactivation of frontal executive areas, it follows that lucid dreams may be characterized by relatively preserved or
transiently elevated frontal activity with concomitant elevation of cognitive abilities that support executive function. Both
fMRI and quantitative EEG studies have demonstrated elevation of cortical activity during phasic versus tonic REM (Abe,
Ogawa, Nittono, & Hori, 2008; Corsi-Cabrera, Guevara, & Del Rio-Portilla, 2008; Miyauchi, Misaki, Kan, Fukunaga, & Koike,
2009; Wehrle, Kaufmann, Wetter, et al., 2007). Moreover a recent quantitative EEG study found similarly high gamma band
(30-80 Hz) coherence in lateral frontal areas during waking and lucid dreaming that, in both of these states, was higher than
in normal REM sleep (Voss et al., 2009). Therefore, as with polysomnographic studies, functional neuroimaging and quanti-
tative EEG studies suggest that dream lucidity may be associated with transient elevation of frontal cortical activity.

Whereas the lateral frontal cortex typically remains deactivated relative to waking following the transition from NREM to
REM, ventromedial prefrontal and anterior cingulate cortices reactivate as part of what has been termed the “anterior para-
limbic REM activation area” (Nofzinger, Mintun, Wiseman, Kupfer, & Moore, 1997; Nofzinger et al., 2004). This region can
become activated in REM to levels exceeding waking (Nofzinger et al., 1997, 2004) and includes much of the subcortical lim-
bic system (amygdala, ventral striatum, hypothalamus, basal forebrain) as well as other paralimbic cortices (e.g. parahippo-
campal and insular cortices; Nofzinger et al., 1997, 2004; and for review see Pace-Schott, 2010). Therefore, in addition to
elevated activity in lateral frontal areas during lucid dreaming, it is possible that further elevation of REM-related activity
in these ventromedial prefrontal regions also occurs during lucid dreaming. In waking, these ventromedial prefrontal areas
support not only the self-related, social and emotional cognition that is ubiquitous in dream phenomenology (reviewed in
Pace-Schott, 2010), but also support the affective guidance hypothesized to facilitate decision making (i.e. the Somatic
Marker Hypothesis; Bechara, Damasio, & Damasio, 2000; Damasio, 2003).

In the present study our objective was to determine whether frontal cognitive and emotional, executive functions differed
in persons who more readily have lucid dreams and those who do not. Answering this question relies on the observation that
some individuals are more likely to have lucid dreams than others, and that this difference is stable (i.e. lucidity tends
to reoccur in those who experience it; LaBerge, 1990, 1992). Hence individuals can be distinguished by their trait ability
to more easily achieve degrees of lucidity. This trait may be related to neuropsychological traits with a similar degree of
stability such as performance on executive function tasks. We hypothesized that performance on cognitive tasks that engage
prefrontal cortical areas would differ between lucid and non-lucid dreamers. In particular, we hypothesized that lucid
dreamers would show better performance on a cognitive task that engaged a brain region relevant to lucid dreaming, and
hence potentially implicated in meta-awareness or other characteristics of the conscious experience.

To test this hypothesis we examined performance on two frontal cognitive tasks, the Wisconsin Card Sort Task (WCST;
Berg, 1948) and the lowa Gambling Task (IGT; Bechara, Damasio, Damasio, & Anderson, 1994; Bechara, Damasio, Damasio,
& Lee, 1999), in high school students. The WCST and the IGT were chosen because performance of the former activates the
dorsolateral prefrontal cortex (DLPFC; Ko, Monchi, Ptito, Petrides, & Strafella, 2008; Monchi, Petrides, Petre, Worsley, &
Dagher, 2001) and performance of the latter activates the ventromedial prefrontal cortex (VMPFC; Lawrence, Jollant, O’daly,
Zelaya, & Phillips, 2009; Li, Lu, D’argembeau, Ng, & Bechara, 2010; Lin, Chiu, Cheng, & Hsieh, 2008). (Note however, that as
event-related fMRI designs have become more temporally precise, more diverse frontal and striatal regions are seen to
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activate during the specific phases of both tasks; Lawrence, Jollant, O’daly, Zelaya, & Phillips, 2009; Lin et al., 2008; Monchi
et al,, 2001). The DLPFC is associated with executive function and working memory (Stuss, Alexander, Floden, et al., 2002)
and the VMPFC is associated with measuring risk and reward in decision making (Kringelbach, 2005; Kringelbach & Rolls,
2004). High school students were chosen because there is anecdotal evidence that it is easier for younger persons to train
themselves to have lucid dreams (Armstrong-Hickey, 1988).

2. Methods
2.1. Participants

Twenty-eight students at a public high school in an affluent town in New York completed this study. Participants included
9th, 10th, 11th, and 12th graders with a mean age of 16 + 1 [SD] (range was 14-18). Participants were recruited by word of
mouth and by flyers on campus. The inclusion criteria were only that the participant be an enrolled student and that they
reported keeping a regular bedtime (within a 2-h window for 6 nights out of 7) for the month prior to enrollment. Exclusion
criteria were smoking 1 or more cigarettes in the past week or 5 or more in the past month, or currently taking medications
that affect sleep or cognitive performance. One potential participant was excluded for use of a psychiatric medication. All
participants gave written assent or written consent (for those 18 years of age) for their participation; written parental con-
sent was also obtained for all participants regardless of age. During the assent/consent process, potential participants were
required to restate in their own words the key features of the study and indicate their willingness to complete the study. The
protocol and its assent and consent forms were approved by the Yale University Investigational Review Board. Participants
were compensated with a $30 gift certificate for their participation.

2.2. Study design

Participants in this study completed baseline assessments, performed two computer-based cognitive tasks, then com-
pleted 7 consecutive days of a lucid dream awareness protocol with daily sleep-related assessments.

2.2.1. Baseline assessments

Age, sex, current grade level, and handedness were taken as demographic variables. The Pittsburgh Sleep Quality Index
(PSQI) was used to assess baseline sleep characteristics. The PSQI is a validated measure of self-reported sleep quantity
and quality over the past month (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). The global score on the PSQI ranges
from 0 to 21, with lower numbers indicating better sleep, and values of 6 or more associated with sleep problems in adults
(Buysse et al., 2008). The Baseline Lucidity Assessment (BLA) was developed for this study to assess dream awareness,
control, and lucidity in dreams (see Appendix C). Briefly, the BLA consists of five questions answered on a 5-point Likert scale
where lower scores (range 5-25) reflect a greater degree of self-reported dream reflection, control, and lucidity.

2.2.2. Cognitive tasks

2.2.2.1. The IOWA gambling task. The computer-based lowa Gambling Task (IGT; Psychological Assessment Resources, Inc.)
(Bechara et al., 1994) was administered in its standard form. In the task, participants repeatedly select cards from one of four
decks to win as much virtual “money” as possible. Each selection is associated with some amount of monetary gain and some
amount of loss, where the gain may be greater or less than the loss. The gains and losses are determined by fixed schedules
wherein two of the decks (A and B) are high-risk/high-reward and over time produce a net loss, and the other two decks (C
and D) are low-risk/low-reward and over time produce a net gain. Participants select a total of 100 cards one at a time, and
performance is measured as the difference between the number of cards selected from the advantageous decks (C and D) and
the number of cards selected from the disadvantageous decks (from A and B). IGT net score is measured for each 20 cards
selected (reported as the 1st through 5th quintiles) and for all 100 cards (total). One male participant did not correctly com-
plete the IGT so his data was not included in the analysis.

2.2.2.2. The Wisconsin Card Sort Task. Participants were administered the computer-based Wisconsin Card Sort Task (WCST;
Psychological Assessment Resources, Inc.; Heaton & Pendleton, 1981). In the task, participants are required to sort cards by
the design, number or color of the shapes on the cards, but are not instructed how to sort, only given feedback indicating
whether their selection was correct or not. Once participants master the sorting rule, the rule is changed without indication
other than the correct/incorrect feedback. In the full version of the task used in this study, two decks of 64 cards each are
used. Participants are tested until they correctly master each of the sorting rules for both decks, or until there are no
more cards to sort. Variables reported here are the total number of trials required, and the percent of all trials in which a
perseverative error occurred (an error of sorting by a previously learned rule). Twenty-six of the 28 participants studied here
completed the WCST in fewer than the maximum 128 trials.

2.3. Lucid dream awareness protocol

Participants were instructed to follow a 1-week protocol designed to maintain a high degree of dream awareness and pro-
mote lucidity (see Appendix A.). Briefly, over the course of 1 week, participants attempted to promote dream awareness and
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lucidity by keeping a dream journal of all of their dreams, by focusing on the dream experience prior to falling asleep, by self-
suggestion, and by maintaining basic sleep hygiene practices.

2.4. Daily outcome measures

On each of the 7 days of the lucid dream awareness protocol, participants completed a sleep questionnaire and a daily
lucidity assessment. The sleep questionnaire has been used previously in research studies to assess subjective sleep quality
as well as other sleep-related data. Here, daily use of caffeine and cigarettes (noted at bedtime), and nightly sleep quality
(noted upon awakening) is reported. No participant reported smoking cigarettes during the study and all participants
reported drinking three caffeinated beverages or fewer per day on average during the study. Nightly sleep quality was
measured on a 0-100, visual analog scale based on the well-validated St. Mary’s Sleep Questionnaire (Ellis et al., 1981; Leigh,
Bird, Hindmarch, Constable, & Wright, 1988), and was averaged over the 7 days.

The Morning Lucidity Assessment (MLA; see Appendix C) was also completed each morning upon awakening. The MLA is
similar in structure and questions to the BLA but tailored to a daily assessment of the previous night’s dreams. It is scored from
5-25 with lower scores indicating a higher degree of dream reflection and lucidity. In particular, questions #1 and #2 measure
dreamrecall, question #3 measures dreaming meta-awareness (i.e., the awareness that one is dreaming), question #4 measures
ability to control the direction of a dream, and question #5 measures prospective control of dream content. Because most par-
ticipants had one or more nights in which they did not remember their dreams, and because the objective of the study was to
assess the ability to have lucid dreams, peak lucidity on the MLA over the 7 days was used as the main lucidity outcome variable.
Participants were then divided into “high” and “low” dream reflection/lucidity groups by a median split of their peak lucidity as
measured on the MLA. These groups are referred to as “high lucidity” and “low lucidity” for simplicity hereafter.

Dream reports from each night were read and assessed for evidence of lucidity and control. Although reflective awareness
and other metacognitive experiences may be underreported in dream reports (Kahan et al., 1997), this analysis was per-
formed to test the validity of the results of the morning lucidity assessment. Lucidity was scored as present if any one or
more of the participant’s dream reports contained a reference to the realization of dreaming during the dream itself. Control
was scored as present similarly if a dream report contained a reference to the dreamer making a willful choice as to the
direction or outcome of the dream, or if the report indicated that the content of the dream had been successfully decided
prior to sleep. Otherwise lucidity and/or control were scored as not present. Example excerpts from dream reports that were
scored as lucid and/or with control are provided in Appendix B.

2.5. Statistical method

Initially, independent t-tests were used to compare difference in baseline characteristics (e.g., age, grade, PSQI), responses
to individual questions on the Morning Lucidity Assessment, and performance on the WCST task between high and low
lucidity groups as determined by median split of the peak Morning Lucidity Assessment score. Performance on the IGT
was analyzed across trials using a linear mixed model with group (high versus low lucidity) as a between-subjects factor
and trial quintile (1-5) as a within-subjects explanatory factor. The interaction between group and trial was also modeled.
In the above model, the best-fitting variance-covariance structure was determined by information criteria and subject was
the clustering factor. Baseline characteristics such as age, grade, and measures of sleep quality were considered as covariates
but were not significant and dropped for parsimony. Likelihood that performance at trial quintiles 3-5 differed from chance
in each group was estimated using the cumulative binomial probability for the performance means. Potential associations
between IGT and WCST task performance were assessed using correlation analysis.

To support the validity of our interpretation of the data, identical analyses were repeated using dream report assessments
of lucidity and control in place of the Morning Lucidity Assessment. In three separate analyses, lucidity or control versus nei-
ther, lucidity versus no lucidity, and control versus no control were used to separate the participants into two groups just as
the median split of peak Morning Lucidity Assessment was used in the original analysis.

3. Results

During the 7 days of the lucid dream awareness protocol, participants reported smoking no cigarettes, taking no medica-
tions or supplements, and drinking an average of less than one caffeinated beverage per day (range 0-3). Mean and median
peak lucidity as measured by the Morning Lucidity Assessment were 12.7 + 4.6 and 12 (range: 5-22), respectively. Division
of the participants into the high (mean 9 + 2) and low (mean 16 + 4) lucidity groups by peak lucidity showed differences in
the responses to 4 of the 5 questions of the MLA (Fig. 1), with the greatest contributions coming from questions 3 and 4 (Q3:
“I thought or knew that I was dreaming during my dreams”; Q4: “I was able to control some or all of what happened in my
dreams”). There were no statistically significant differences between the high and low lucidity groups in age, grade, PSQ],
nightly sleep quality, or the Wisconsin Card Sorting Task measures (Table 1). Females were represented non-significantly
greater (85%) in the high lucidity group compared to the low lucidity group (53%) (Table 1).

However, performance on the IGT was differentiated by peak lucidity. Analysis of IGT across trials revealed a significant
main effect of trial quintile (F[4, 100] = 5.3, P=.0006) and a trend effect for group (F[1, 25] = 3.5, P=.07). Importantly, the
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Fig. 1. Morning Lucidity Assessment responses. The high and low lucidity groups were distinguished by 4 of the 5 questions on the morning lucidity
assessment, with the greatest differences between groups seen in question 3 (“I thought or knew that I was dreaming during my dreams”) and question 4
(“I was able to control some or all of what happened in my dreams”; error bars indicate standard deviation; x, P<.05; s, P<.005, s, P< 107>, s,
P<107%).

Table 1
Demographic and select outcome data.

High lucidity group peak lucidity <12 (N=13) Low lucidity group peak lucidity >12 (N=15) Statistics

Mean SD Mean SD t(26)*  P-value
Age (years) 16.1 1.1 16.2 0.9 -0.32 0.75
Grade 10.5 0.8 10.5 0.9 0.02 099
PSQI 49 0.8 43 2.0 1.02 032
BLA 13.3 3.6 15.9 3.7 -191 0.07
Nightly sleep quality 57 13 58 7 -0.32 0.75
WCST raw score 93 20 98 21 —-0.58 0.56
WCST errors %perseverative  10.8 4.4 14.4 10.5 -1.15 0.26
Females/males (N) 11/2 8/7 = 0.11°

PSQI = Pittsburgh Sleep Quality Index, BLA = Baseline Lucidity Assessment, WCST = Wisconsin Card Sort Task, IGT = lowa Gambling Task.
2 For the IGT, N = 14 for peak lucidity >12 (see Section 2) with a corresponding loss of 1 degree of freedom.
b Fisher’s Exact test.

interaction between trial quintile and group was significant (F[4, 100] = 2.8, P =.03), explained by significantly greater IGT
scores among high lucidity dreamers compared to their low lucidity counterparts during trial quintiles 3 (P=.03), 4
(P=.02), and 5 (P =.015) (Fig. 2). Furthermore, mean performance during each of trial quintiles 3-5 was better than chance
in the “high” lucidity group (.006 < P <.02) but not in the “low” lucidity group (P >.25), and mean performance across trials
3-5 was better than chance in the “high” lucidity group (P <.00002) but not in the “low” lucidity group (P >.12).

Total and individual trial IGT scores did not correlate with WCST performance as measured by WCST raw scores and %per-
severative errors (all R? < 0.08, P> .16).

Peak lucidity as measured by the MLA corresponded with the presence of lucidity or control on dream reports. 14 of 28
participants had evidence of lucidity or control in their dream reports (including 9 with lucidity, 12 with control, and 7 with
both). Out of the 14 participants with evidence for lucidity or control in their dream reports, such evidence was present on
1.9+ 0.7 (mean * SD; range 1-3) of the 7 nights measured. Peak lucidity score on the MLA was assessed as a predictor of
dream-report-measured lucidity or control and was found to perform well in a range that included the group median (Fig. 3).

Analysis of the main outcome measures using dream report-measured lucidity or control resulted in statistical findings
similar to that obtained with the MLA. In particular, there were no statistically significant differences in any of the measures
reported in Table 1, except that retrospective baseline lucidity measured by the BLA was significantly different (¢[26] = 2.37,
P =.03) with the presence of lucidity or control in the dream reports associated with a greater lucidity score on the BLA. Fur-
thermore, IGT performance was distinguished by the presence of dream report lucidity or control, with a significant inter-
action between trial quintile and group (F[4, 100] = 4.86, P =.001) with statistically significant differences at trial quintiles 1
and 5 (Fig. 4).

Separating the groups by the presence or absence of lucidity [regardless of control] or by control [regardless of lucidity]
produced qualitatively similar results. However, in the case of lucidity [regardless of control], the trial quintile by group
interaction was a statistical trend (F[4, 100] = 2.24, P=.07), as were the post hoc differences at trial quintiles 1 and 5
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Fig. 2. lowa Gambling Task. Greater lucidity as measured on the Morning Lucidity Assessment was associated with IGT performance improvement as the
task progressed. Statistically significant differences between groups occurred in the 3rd, 4th, and 5th quintiles of trials (error bars are tstandard error; *,
P<.05).
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Fig. 3. Peak lucidity as measured by the Morning Lucidity Assessment was assessed as a predictor of dream report evidence of lucidity-related phenomena.
Dream report evidence of lucidity or dream control was compared to MLA-measured peak lucidity where values below a given cutoff value were considered
to be evidence of lucidity. Sensitivity, specificity, F-measure (harmonic mean of positive predictive value and sensitivity), and the P-value of the Fisher Exact
test are shown over a range of peak lucidity cutoff values on the Morning Lucidity Assessment. Higher values for sensitivity, specificity, and F-measure, and
lower P-values indicate better prediction of dream report gauged lucidity by the MLA at a given cutoff value.

(P=.06 and P = .05 respectively). In the case of control [regardless of lucidity], the statistically significant findings seen pre-
viously were seen with trial quintile by group interaction (F[4, 100] = 5.27, P=.0007) and post hoc differences at trial quin-
tiles 1,4 and 5 (P =.01, .007, and .0009) respectively.

4. Discussion

In high school students participating in a lucid dream awareness protocol, we found that those who exhibited evidence of
greater lucidity performed better on the lowa Gambling Task. However, achieving lucidity did not distinguish performance
on the Wisconsin Card Sorting Task, nor did it distinguish other potentially relevant characteristics like self-reported
sleep quality prior to or during the study, age, and grade level. A relatively small difference in baseline, retrospective lucidity
also was not statistically significant. The high lucidity group contained relatively more females than the low lucidity
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Fig. 4. lowa Gambling Task. The presence of lucidity-related dream phenomena including lucidity itself or control of dream outcome (+Lucidity or Control),
as measured by dream report assessment, was associated with IGT performance improvement as the task progressed. Statistically significant difference
between groups occurred in the 1st and 5th quintiles of trials (error bars are +standard error; **, P<.01).

group - consistent with some prior observations (Armstrong-Hickey, 1988) - but this difference was also not significant, and
was not present when dream reports were used to assess lucidity. Hence, the difference in IGT performance between high
and low lucidity groups was unique among the observed variables, and was in marked contrast to WCST performance. These
findings have potential relevance to understanding brain function, and provide some potential insight into the relationship
between meta-awareness or self-consciousness and other brain functions. Because the present work reflects only behavior
measures, however, neuroanatomical interpretations must be considered speculative until confirmed with functional
imaging.

The IGT was designed to assess affect-guided decision making under conditions of uncertainty (Bechara, Damasio, Tranel,
& Damasio, 1997; Wagar & Dixon, 2006) whereas the WCST measures what is typically described as mental flexibility and set
shifting ability (Lezak, Howieson, & Loring, 2004).

In adolescents, variation in performance and age-related changes in performance on the IGT appear to reflect
development of the VMPFC and its connections. These variations are independent of performance on working memory
and behavioral inhibition tasks thought to reflect activity of other prefrontal regions (e.g. DLPFC; Hooper, Luciana, Conklin,
& Yarger, 2004). Notably, whereas lateral areas of the PFC remain relatively deactivated in REM sleep, VMPFC regions reac-
tivate along with other subcortical aspects of the anterior paralimbic REM activation area (Maquet et al., 2005; Nofzinger
et al., 1997, 2004). Therefore, the VMPFC physiological substrate believed to support IGT performance (Bechara et al.,
1994, 1999; Bechara, Tranel, & Damasio, 2000) is being selectively activated during REM - the presumed physiological sub-
strate of lucid dreaming (LaBerge, 1990, 1992) - at the same time as regions that support WCST performance may remain
relatively inactive. It is tempting to speculate that the developing capacity for emotion regulation and its integration
with cognition, associated with prefrontal cortical development across adolescence (Whittle et al., 2008; Yurgelun-Todd &
Killgore, 2006), underlies capacity for both lucid dream induction and affect-guided decision making.

Consequently, the ability to achieve lucidity during adolescence, a period of considerable brain myelination and re-orga-
nization (Tamnes et al., 2010), may be related to the degree to which frontal systems have become integrated and able to
receive coherent input from a variety of sources, including emotional information. It is possible that REM sleep, a sleep stage
that is both linked with normal emotional memory (Hu, Stylos-Allan, & Walker, 2006; Wagner, Gais, & Born, 2001) and dis-
rupted in emotional disorders (Mellman, 2006; Peterson & Benca, 2006), may contribute to the normal development of emo-
tionally guided decision making during adolescence. Should REM sleep influence development of the brain substrate of
emotion regulation in adolescence, both IGT performance and success with lucidity training may vary with cross-sectional,
individual differences in this developmental trajectory. It would be of considerable interest to compare, in adolescents, the
ability to achieve lucidity with additional validated measures of emotion regulation and its interaction with decision making.

The present findings may also be interpreted in regard to meta-awareness, or self-consciousness, and its possible relation-
ship to prefrontal cortical activity. Prior work implicates both dorsolateral and ventromedial prefrontal activity in lucid
dreaming. Whereas dorsolateral prefrontal reactivation during lucid dreams may parallel activity during waking conscious-
ness (Hobson et al., 2000; Muzur et al., 2002; Voss et al., 2009), greater intensity of activation within the anterior paralimbic
REM activation area (i.e. including ventromedial prefrontal cortex; Nofzinger et al., 1997, 2004) during lucid dreams may
spread within densely interconnected prefrontal areas (Petrides & Pandya, 2002) to an extent sufficient to trigger awareness
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of state without exceeding waking thresholds. Although the present results do not rule-out either possibility, we found that
differences in performance on the ventromedial task but not the dorsolateral task were associated with ability to achieve
lucidity. Although speculative, in as much as meta-awareness during dreams reflects the same phenomenon during wake-
fulness, and to the degree that the cognitive task performance reflects brain region functional differences, our data implicate
differences in ventromedial function as potentially relevant to differences in the experience of meta-awareness.

Limitations of the present work are several. The lucid dream awareness protocol included lucid dream induction training
that directly asked participants to try to have lucid dreams through self-suggestion among other techniques. This method
introduced the possibility that participants would respond differently on measures of lucidity like the morning lucidity
assessment based on how they reacted to the perceived experimenter demand. That is, some participants may have been
more or less likely to report a greater degree of lucidity to respond positively or negatively to the perception that the exper-
imenters wanted them to experience lucidity (i.e. the so called ‘good’ participant and ‘negative’ participant roles). Similar
results from two distinct measures of lucidity decrease the likelihood that such experimenter demand influenced the results,
but the possibility that IGT performance was differentiated on response to experimenter demands and not degree of lucidity
cannot be ruled-out.

Polysomnographic sleep measurement was not done, so possible differences in objective sleep measures that could relate
to lucidity or IGT performance are not known. Furthermore, an appropriate standard for the measurement of degree of lucid-
ity was not available, with most extant measures of degree of lucidity designed to distinguish among very high degrees of
lucidity. Hence the measure of lucidity employed in the present study was devised to have acceptable face validity to mea-
sure differences on the continuum between lucidity and non-lucidity, but was not previously validated nor meant to be an
absolute measure of whether a lucid dream occurred. Nevertheless, the measure used in this study compared well to binary
assessments of dream self-awareness and control present in dream reports, and analysis using dream reports as the basis for
measuring lucidity or control produced similar results. The restriction of the study to high school student volunteers and in
particular those from a high socio-economic class limits a broader interpretation of the findings. Nevertheless, the present
findings show that a simple measure of degree of lucidity achieved during 1 week of a lucid dream awareness protocol can
distinguish performance on a cognitive task engaging the VMPFC. Consequently, these results suggest possible connections
both between the meta-awareness of lucid dreaming and VMPFC activity, and between the ability to have lucid dreams and
VMPFC-related brain function, like emotion regulation.
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Appendix A
A.1. Lucid dreaming awareness protocol instructions
A.1.1. Instructions

1. I will give you a dream journal in which to write all your dreams for the next 7 days. Keep the journal and a pen within
reach of your bed, perhaps on a night table or under your pillow. Every time you wake up from sleep, even in the middle
of the night, write down everything that you dreamed as best as you can remember. Sometimes it is difficult to remember
things in the beginning but it will get easier. Don’t wait to write your dreams later as this does not work well.

2. Try to go to bed at the same time each night (within an hour). Make sure you have 8 h to sleep each night or more. So if
you have to wake up at 6:45 am, make sure you are in bed by 10:45 pm.

3. When you lie down to sleep (both the first time and each time after you wake up at night), spend a minute or two think-
ing about these things, telling them to yourself:

a. I am going to remember all of my dreams that I dream tonight

b.  When I dream, I will know that I am dreaming

c.  When I dream, I will be in control of my dreams, able to do what I want to
d.  After I dream, I will wake up and write my dreams in my dream journal

4. Don't forget to write all of your dreams down as soon as you wake up and include descriptions of being aware that you
were dreaming and/or being in control of dream if that happened.
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Appendix B
B.1. Examples of lucidity and/or control from dream reports
Lucidity:

1. “I was in an abandoned house, looked war-torn, but someone told me my dining room just collapsed in. I found 20 kids
rushing in, and met [someone]. At this point I realize I'm dreaming. My house turns into a mall like area. We meet a girl
named [name]..."

2. “I was at the mall with my friends and we were eating and shopping. The part where I had the lucid dream was I knew |
was shopping in my dream. I knew I was in my bed and dreaming about what I was buying...”

Control:

1. “I dream about playing baseball and that I was hitting the ball and could choose where the ball landed”
2. “More magazines. I controlled the ones I read. None about Jon and Kate. Magazines were all US Weekly or People”

B.2. Lucidity with control of direction of dream

5. “Last night I had a dream that [ was going to Cancun when all of a sudden I hit turbulence. The pilot put me in the cockpit
and had me control the plane. I wasn’t sure what I was doing and I was so confused as to what was going on. I knew in my
dream that [ was dreaming and I was able to control some aspects of my dream and I was able to land the plane
successfully.”

6. “I was playing soccer with girls from school and it was the State Championship and we were tied and I knew I was dream-
ing. I was dribbling the ball down the field and made the decision to pass and not score. we won”

C. Assessments
Subject # Date:

Baseline Lucidity Assessment

Instruction: Consider the past year in answering the following questions about
your dreaming. Please circle your answers.

1. | can usually remember my dreams.
1 2 3 4 5
Strongly Agree Strongly Disagree
2. My dreams have a lot of detail that | can often remember.
1 2 3 4 5
Strongly Agree Strongly Disagree
3. Sometimes | can tell that | am dreaming during a dream.
1 2 3 4 5
Strongly Agree Strongly Disagree
4. Sometimes | can control what happens in my dreams.
1 2 3 4 5

Strongly Agree Strongly Disagree

5. Sometimes | can dream about things that | have decided | want to dream

about.

1 2 3 4 5
Strongly Agree Strongly Disagree
Subject # Date:

Please cite this article in press as: Neider, M., et al. Lucid dreaming and ventromedial versus dorsolateral prefrontal task performance. Con-
sciousness and Cognition (2010), doi:10.1016/j.concog.2010.08.001



http://dx.doi.org/10.1016/j.concog.2010.08.001

10 M. Neider et al./Consciousness and Cognition xxx (2010) Xxx—xxx
B.3. Lucid control of content of dream

7. “I did dream about summer which I wanted to. What I remember is dropping off my neighbor since I guess I [illegible]. I
called her back and told her something which I feel I controlled. This was very obvious to be a dream”.

8. “Before going to sleep I kept telling myself that [ was going to dream about roller coasters and I did. I dreamt that I was
riding on Kingda Ka and I kept controlling where I wanted to sit on the ride”

Appendix C

C.1. Assessments

Morning Lucidity Assessment

Instruction: Consider the past night in answering the following questions about
your dreaming. Please circle your answers.

1. It was easy to remember my dreams.

1 2 3 4 5
Strongly Agree Strongly Disagree

2. | could recall most or all of the detail in my dreams.

1 2 3 4 5
Strongly Agree Strongly Disagree

3. | thought or knew that | was dreaming during my dreams.

1 2 3 4 5
Strongly Agree Strongly Disagree

4. | was able to control some or all of what happened in my dreams.

1 2 3 4 5
Strongly Agree Strongly Disagree

5. | dreamed about things | had decided | wanted to dream about.

1 2 3 4 5
Strongly Agree Strongly Disagree
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