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Introduction
• Goal: what lucid dreams can tell us about other 

aspects of neurocognitive function - examine the 
relationship between lucid dreaming and function of 
the prefrontal cortex

• Pre-frontal cortex activity - planning, abstract 
thinking, decision making, and other functions that 
have been called “cognitive control”



Introduction
• Prefrontal cortex - regions
• Ventro-medial prefrontal cortex - measuring risk and reward, and 

emotion regulation (Kringelbach, 2005, Kringelbach and Rolls, 2004)
• Dorso-lateral prefrontal cortex - working memory and cognitive flexibility 

(Stuss et al., 2002)

• Iowa Gambling Task (IGT) - VMPFC
• Wisconsin Card Sort Task (WCST) - DLPFC



Review of Literature

• Lucid dreaming -- the explicit awareness, 
while dreaming, that one is dreaming (LaBerge, 1990, 
1992, 2000, 2007)

• Occurs during rapid eye-movement (REM) 
(Hobson et al., 2000, LaBerge, 1990, 1992, 2000, 2007, Nielsen, 2000)

• Lucid dreaming is a conditioned skill (Purcell et al., 
1986, LaBerge, 1990)



Review of Literature Cont’d
• VMPFC activity increases during REM sleep (Nofzinger et al., 

1997, 2004)

• Reactivation of VMPFC during REM sleep could lead to 
meta-awareness

• DLPFC activity - low throughout sleep (Stuss et al., 2002)

• Lucid dreams - (DLPFC) preserved elevated frontal 
activity with elevation of cognitive abilities that support 
executive function (Stuss et al., 2002)

• Reactivation of DLPFC activity in lucid dreams -- possible 
increase in meta-awareness



Review of Literature Cont’d
• Two well-known and validated cognitive tasks that 

engage the prefrontal cortex and have specificity for 
the regions that pertain to this research 

• IGT: Associated most strongly with VMPFC - emotion 
regulation, social cognition, and risk-reward 
decisions. (IGT; Psychological Assessment Resources, Inc.)

• WCST: Associated most strongly with DLPFC -
working memory and cognitive flexibility. (WCST: Psychological 

Assessment resources, Inc.)



Hypothesis

• H1: Performance on the IGT(cognitive task that 
engages the VMPFC) would differ between lucid and 
non-lucid dreamers. The lucid dreamers would have 
a better performance.

• H2: Performance on the WCST (cognitive task that 
engages the DLPFC) would differ between lucid and 
non-lucid dreamers. The lucid dreamers would have 
a better performance.



Methods - Participants

• 28 participants from a suburban public high school

• Inclusion criteria

• Exclusion criteria 

• 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).



Methods - Study Design/Initial 
Assessments 

• Pittsburgh Sleep Quality Index (PSQI): a 
measure of self-reported sleep quality and 
quantity over the past month. It discriminates 
between good and poor sleepers. (Buysse et 
al from Rush J Handbook of Psychiatric 
Measures APA Washington DC 2000)

• Baseline Lucidity Assessment (BLA): a five-
item scale of lucid dreaming in the past year -
assesses dream awareness and dream 
lucidity.



Methods - Study Design/Initial 
Assessments 

• Iowa Gambling Computer Task (IGT): requires the participant to 
try to earn virtual money by picking the cards from different 
decks of cards that are associated with different relative risks 
and rewards. engages the VMPFC. (IGT; Psychological 
Assessment Resources, Inc.) (Bechura et al. 1994)

• Wisconsin Card Sort Computer Task (WCST): a task that 
requires the participant to sort cards according to the shape, 
number, or size of a design on the cards, and requires the 
participant to react when the sorting rule secretly changes. 
engages the DLPFC. (WCST: Psychological Assessment 
resources, Inc.)



Methods - Lucid Dreaming 
Assessments/Training

• Seven days, students engaged in lucid dream 
induction training. Instructions on how to lucid 
dream - focus on the dream experience before 
falling asleep, by self-suggestion

• Morning/Evening Sleep Questionnaire: evaluates 
qualitative sleep quality as well as other sleep 
related data. Based on St. Mary’s Sleep 
Questionnaire (Leigh et al., 1988, Ellis et al., 
1981)

• Morning Lucidity Assessment: identical to the 
BLA, except it is referring to the past night’s 
sleep.



Methods – Statistical analysis

•Morning Lucidity Assessment (MLA) responses

•The lucid and non-lucid groups were distinguished by 4 of the 5 questions on the 
MLA, with the greatest differences between groups seen in questions 3 and 4 

•Error bars indicate standard deviation; *, p<0.05; **, p<0.005; ***, p<10-5; ****, 
p<10-6



 Lucid Group 
Peak lucidity 11 

(N=13) 

Non-Lucid Group 
Peak lucidity >11 

(N=15)* 

Statistics 

 mean s.d. Mean s.d. 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 0.99 
PSQI 4.9 0.8 4.3 2.0 1.02 0.32 
BLA 13.3 3.6 15.9 3.7 -1.91 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** 
 
•No statistically significant differences in age, grade, PSQI, nightly sleep 
quality, or the Wisconsin Card Sorting Task measures when dividing the 
participants into the lucid and non-lucid groups by a median split of peak 
lucidity.

•Higher percentage of females (85%) that were non-lucid dreamers 
compared to lucid dreamers (53%) (p=.08)

Results H2: Not Significant
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Figure 1 . Lucid dreamers exhibit better learning on the Iowa
Gambling Task, with statistically better performance in the
3rd, 4th, and 5th quintiles of trials (all p < 0.05; see text).
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Results Proves Hypothesis 1



Conclusions
• The key findingin high school students undergoing lucid 

dream induction training, those who achieved greater lucidity 
revealed better performance on the Iowa Gambling Task -
VMPFC.

• Lucidity did not associate with performance on the WCST, nor 
with sleep quality or age/grade.

• Prefrontal cortical activity may be associated with lucid 
dreaming, and that there may be specificity for VMPFC relative 
to DLPFC.



Conclusions
• VMPFC - Young people who are more observant of their 

emotions in dreams - advantage in achieving awareness of their 
state of consciousness. (Hobson et al., 2000, Pace-Schott, 
2009)

• Lucid dreamers have “thin boundaries” (Galvin, 1990) - better 
dream recall of more emotional dreams (Schredl et al., 1999).  

• Similarly, young people who are aware of their self-analyzing 
aspects of their responses to wins and losses might perform 
better on the IGT. (Bechara et al., 1997) 



Future Research

• The VMPFC may be important in the self-
awareness that occurs during lucid dreams, 
and could be relevant to the brain processes 
that contribute to the experience of conscious 
awareness more generally.  

• Such associations would need to be tested in 
future studies.
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Questions?

• I now welcome you to ask any questions you 
may have.

• Key finding: Lucid dreamers scored better on 
the IGT, which suggests that lucid dreaming 
is associated with function of the VMPFC, 
and suggests that lucid dreamers may exhibit 
better emotional regulation and decision 
making.


