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ARTICLE INFO ABSTRACT
Article history: In lucid dreams the dreamer is aware of dreaming and often able to influence the ongoing
Received 4 March 2012 dream content. Lucid dreaming is a learnable skill and a variety of techniques is suggested

Available online 28 July 2012 for lucid dreaming induction. This systematic review evaluated the evidence for the effec-

tiveness of induction techniques. A comprehensive literature search was carried out in bio-
Keyyvorcls: ) medical databases and specific resources. Thirty-five studies were included in the analysis
Lucid dreaming (11 sleep laboratory and 24 field studies), of which 26 employed cognitive techniques, 11
Isr;csl?ecrzggctercet?elsvues external stimulation and one drug application. The methodological quality of the included

studies was relatively low. None of the induction techniques were verified to induce lucid

Classification
dreams reliably and consistently, although some of them look promising. On the basis of
the reviewed studies, a taxonomy of lucid dream induction methods is presented. Several
methodological issues are discussed and further directions for future studies are proposed.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction
1.1. Lucid dreams

A lucid dream is a dream during which the dreamer is aware of the fact that he or she is dreaming and therefore often can
consciously influence the dream content (LaBerge, 1985). Although awareness of dreaming while dreaming is usually con-
sidered an adequate criterion for lucid dreaming, some discussions have been held whether this is sufficient (Gillespie, 1984;
Tart, 1984, 1985). Tart (1984), for example, separates dreaming-awareness dreams and lucid dreams, for which he poses an
additional criterion that overall clarity of waking consciousness should also be retained. Tholey (1985) describes seven as-
pects of lucidity (clarity) in dreams: (1) clarity about the state of consciousness (that one is dreaming); (2) clarity about the
freedom of choice; (3) clarity of consciousness; (4) clarity about the waking life; (5) clarity of perception; (6) clarity about
the meaning of the dream; (7) clarity recollecting the dream. According to him, (1)-(4) are indispensible prerequisites of lu-
cid dreaming. While in this paper we will follow the conventional minimal criterion for the definition (awareness of dream-
ing while dreaming), it is important to acknowledge that dream lucidity is not an “all-or-nothing” phenomenon but rather a
continuum with different degrees: some dreams can be more lucid than others (Barrett, 1992; Moss, 1986).

Despite the fact that the phenomenon of lucid dreaming was known since the times of Aristotle (see Aristotle, 2007), only
30 years ago it was successfully verified in a sleep laboratory by measuring eye movements during REM sleep corresponding
with dreamed gaze shifts (Hearne, 1978; LaBerge, 1980a; LaBerge, Nagel, Dement, & Zarcone, 1981). Since then, numerous
studies have been conducted and research (overview: Erlacher & Schredl, 2008a) indicates that lucid dreaming is mainly a
REM sleep phenomenon, although it can also occur during NREM sleep (see Dane, 1984).

During REM dreams the skeletal muscles of the sleeping body are actively suppressed by neural structures in the brain
stem, keeping dreamers from actually acting out actions in their dreams (Hobson, Pace-Schott, & Stickgold, 2000). One obvi-
ous exception is eye movements. In accordance with the scanning hypothesis, eye movements during REM sleep correspond
with shifts of gaze in dream imagery (cf. Roffwarg, Dement, Muzio, & Fisher, 1962). Since lucid dreamers have access to their
waking memories (cf. Erlacher, 2009), it is possible for them to move their eyes during the dream according to a prearranged
pattern of eye movements (usually: left-right-left-right, LRLR) and produce a distinct electrooculagram (EOG) recording
during REM sleep; i.e., they can communicate from within the dream (cf. LaBerge et al., 1981). Then the lucid dreamer
can be awakened and asked for a dream report to match the recorded eye signals with the dreamed gaze shifts. In such
way, REM lucid dreams were successfully verified by subjective dream reports and objective EOG data in a number of dif-
ferent sleep laboratories across the world (e.g., Dane, 1984; Dresler et al., in press; Erlacher & Schredl, 2008b; Fenwick et
al., 1984; Hearne, 1983; Hickey, 1988; Kueny, 1985; LaBerge et al., 1981; Ogilvie, Hunt, Kushniruk, & Newman, 1983; Voss,
Holzmann, Tuin, & Hobson, 2009; Watanabe, 2003).

Most frequently, lucid dreams are initiated from REM sleep (so called “Dream-Initiated Lucid Dream” - DILD), however
sometimes they can also be initiated from the waking state (“Wake-Initiated Lucid Dream” - WILD) (LaBerge, Levitan, & De-
ment, 1986). Physiologically, lucid dreams are associated with elevated levels of automatic nervous system activity (LaBerge
et al., 1986), but also with higher H-reflex suppression (Brylowski, Levitan, & LaBerge, 1989). According to recent findings,
lucid REM sleep when compared to non-lucid REM sleep is associated with increased EEG 40 Hz power, especially in frontal
and frontolateral regions (Voss et al., 2009). Another recent fMRI study found increased activation during REM lucid dream-
ing in several brain regions, including the bilateral precuneus, cuneus, parietal lobules, and prefrontal and occipito-temporal
cortices (Dresler et al., in press). This specific pattern of activation might explain the presence of higher order cognitive skills
involved in lucid dreaming. The prefrontal cortex is associated with metacognitive regulation and self-assessment, executive
function and top-down control of behaviour, attention regulation (Arnsten & Li, 2005; Fernandez-Duque, Baird, & Posner,
2000; Miller & Cohen, 2001; Schmitz, Kawahara-Baccus, & Johnson, 2004), while the precuneus is associated with self-pro-
cessing operations, such as first-person perspective taking and experience of agency (Cavanna & Trimble, 2006). In lucid
dreams the dreamer has to observe and evaluate his or her present experience to recognise the dream state and become
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lucid, then to take a first-person perspective and agency and guide behaviour and attention according to one’s intentions in
order to influence the dream content (see also Kahan & LaBerge, 1994).

Although frequent lucid dreaming is considered to be a rare skill, the estimates of lucid dreaming incidence within the
general population suggest that about a half of the population have experienced a lucid dream at least once and about
one out of five people are experiencing lucid dreams regularly, i.e. at least once a month (Schredl & Erlacher, 2011; Snyder
& Gackenbach, 1988; but cf. Stepansky et al., 1998). Recent studies found that the prevalence of lucid dreaming in children is
similar as in adults, however younger children seem to have lucid dreams more frequently (Schredl, Henley-Einion, & Bla-
grove, 2012; Voss, Frenzel, Koppehele-Gossel, & Hobson, in press). Differences across different cultures also exist (e.g., Erl-
acher, Schredl, Watanabe, Yamana, and Gantzert (2008) found significantly lower incidence of lucid dreaming in Japanese
student sample in comparison with other countries). Since the onset of lucid dream research it was demonstrated that lucid
dreaming is a learnable skill (LaBerge, 1980b; see also Saint-Denys, 1867/1982) and a number of practical applications were
suggested (e.g. LaBerge & Rheingold, 1990). Lucid dreaming, for example, was successfully applied in nightmare treatment:
several case studies (Abramovitch, 1995; Brylowski, 1990; Spoormaker, van den Bout, & Meijer, 2003; Zadra & Pihl, 1997)
and a controlled trial (Spoormaker & van den Bout, 2006) demonstrated that the development of lucid dreaming abilities
can decrease nightmare frequency and nightmare intensity. Lucid dreaming can also be used to enhance and perfect motor
performance and motor skills (Erlacher & Schredl, 2010; Tholey, 1981) or employed for creative problem solving (Stumbrys &
Daniels, 2010). Furthermore, lucid dreaming is an invaluable tool for scientists to explore the mind-body relationship during
REM sleep (see e.g. Erlacher & Schredl, 2008a) and its uniqueness warrants lucid dreaming a special place within the whole
area of consciousness research (Hobson, 2009). However, in order to utilize the advantages offered by lucid dreaming and
make them available both to the scientific community and a wider population, reliable induction techniques must be estab-
lished to increase the frequency of lucid dreams. This is the main challenge currently facing lucid dream research.

1.2. Induction techniques and their classifications

By the term “lucid dream induction” we refer to any means aiming to increase the frequency of lucid dreams. A plethora
of various techniques (e.g. Gackenbach, 1985-1986; LaBerge & Rheingold, 1990; Price & Cohen, 1988; Tholey, 1983) has been
suggested for lucid dream induction and several attempts were made to classify them.

One of the first classification systems was suggested by Gackenbach (1985-1986), who classified induction techniques
into two broad categories: (1) presleep induction and (2) sleep induction. The first category, presleep induction, includes
intentional techniques and “unintentional considerations”. According to Gackenbach, intentional techniques focus on the
present moment (e.g. reflecting whether one is dreaming right now, engaging into other focused activities, such as medita-
tion or alpha feedback training) or are focused on the future (e.g. autosuggestion, post-hypnotic suggestion or intention to
remember that one is dreaming). Furthermore, some techniques might combine both aspects, e.g. Tholey’s (1983) combined
technique, which includes elements of reflection (present focussing) and intention with auto-suggestion (future focussing).
“Unintentional considerations” include situations during the day (e.g. interpersonal interactions, emotions) and individual
propensities (e.g. field independence, creativity; for overview of individual differences associated with lucid dreaming see
Snyder & Gackenbach, 1988) that are not directly related to the attainment of dream lucidity but increase the likelihood
of having a lucid dream. The second category, sleep induction, can be divided into external cues and internal cues. External
clues are various environmental stimuli (e.g. auditory, tactile) that can be applied during REM sleep to be incorporated into a
dream and recognised as a cue by the dreamer that he or she is dreaming. Internal cues can be unusual events or inconsis-
tencies within a dream, a sense of “dreamlikeness” or just a spontaneous insight occurring in a dream which leads to the
awareness that one is dreaming.

Another classification of lucid dreaming induction techniques was suggested by Price and Cohen (1988), who grouped
them into three broad classes: (1) lucid-awareness training, (2) intention and suggestion techniques and (3) cue “REM-mind-
ing” techniques. Lucid-awareness training aims to cultivate a proper waking attitude to promote lucidity, such as critically
reflecting on a frequent basis whether one is dreaming or not, heightening perceptual awareness, alpha feedback or waking
fantasy training. Intention and suggestion techniques aspire to trigger a lucid dream through an act of will or suggestion.
Examples of such techniques include intentions to carry out a specific action while dreaming (e.g. flying), to remember that
one is dreaming and post-hypnotic suggestions. The third class of induction methods described by Price and Cohen (1988),
cue “REM-minding” techniques, resembles Gackenbach’s (1985-1986) external cues category and includes tactile, auditory
and other external stimuli presented during REM sleep to trigger lucidity. Price and Cohen (1988) also acknowledge that
there are some other methods that do not fit into their three major classes described, such as Tholey’s combined technique
or hypnagogic techniques that aim to enter lucid dreams directly from the waking state at sleep onset.

Although both these classification systems were useful and provided an adequate coverage of lucid dream induction tech-
niques presented in literature, they seem to be fragmentary, not including all techniques. Over the recent years a number of
empirical studies have been carried out that expanded our knowledge about induction techniques and new prospective
methods emerged (e.g., Noreika, Windt, Lenggenhager, & Karim, 2010). Another issue is that a considerable number of tech-
niques included in these systems were based on personal or anecdotal accounts and lacked any empirical validation. The
overlap between different categories is also a problem of these systems: Some induction methods, e.g. Tholey’s combined
technique, encompass both lucid awareness training and intention, or an intentional technique might result in an internal
cue during a dream that will lead to the attainment of lucidity.
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Therefore, in this paper we aim to present an empirically based classification of lucid dream induction techniques together
with an extensive systematic review of published empirical evidence on lucid dream induction. Considering difficulties defin-
ing the exact boundaries between different groups of induction techniques, we defined the following broad categories:

(1) cognitive techniques — encompass all cognitive activities (lucid awareness training, intention, suggestion, hypnagogic
techniques, etc.) that are carried out to increase the likelihood of achieving lucidity in a dream state;

(2) external stimulation - includes all types of stimuli (acoustic, light, electric, vibration, vestibular, brain stimulation,
etc.) presented during REM sleep that can trigger dream lucidity;

(3) miscellaneous techniques - cover all other diverse induction methods that are not covered by the two categories
above (e.g. intake of specific substances).

We hope that such an empirically-based classification will benefit not only lucid dreaming-interested scientists, provid-
ing them most promising directions for future research and most effective means to facilitate lucid dreaming both in a sleep
laboratory or home environment, but also a broader audience, including therapists, artists, athletes, nightmare sufferers and
others who may want to purse lucid dreams for their professional or personal reasons.

2. Method
2.1. Identification of studies

A comprehensive literature search was carried out to identify relevant studies, including both electronic bibliographic
databases and (lucid) dreaming specific resources. The following electronic databases were searched: MEDLINE, PsycINFO,
PsycArticles, Academic Search Premier, IngentaConnect, ScienceDirect, Scopus, Web of Science, ProQuest Dissertations &
Theses Database and PSYNDEX. Specific resources included scientific journals dedicated to (lucid) dream research (such
as Lucidity Letter, NightLight, International Journal of Dream Research, Dreaming), references in relevant articles and other
sources (such as personal collections). When searching the literature databases, the following search query was used: dream*
AND lucid* AND (induc* OR learn* OR technique* OR method* OR exercise*). For a German PSYNDEX database, in addition we
also used a corresponding query with German keywords: traum* AND (luzid* OR klar*) AND (indu* OR lern* OR technik* OR
method* OR train™).

2.2. Inclusion and exclusion criteria

We aimed to identify any empirical studies that were concerned with lucid dream induction or applied any methods to
increase the frequency of lucid dreams in their participants. We also included those studies that were not primarily con-
cerned with lucid dream induction but used some methods to promote lucid dreaming in their participants, e.g. studies that
employed lucid dreaming as a treatment for nightmares. Both controlled studies in a sleep laboratory with sleep recording
and quasi-experimental field studies without sleep recording were included. No language restrictions were applied. Single
case reports were excluded.

2.3. Data extraction, analysis and assessment

Literature search was conducted in November-December 2010 by one researcher and then carried out by a second re-
searcher in April-May 2011. Data was extracted by using a specially devised form and then was reviewed by a second re-
searcher. The methodological quality of all studies was assessed independently by two researchers using a quality
checklist developed by Downs and Black (1998), which can be used for evaluation of both randomised and non-randomised
studies. The checklist contains 27 items distributed into five subscales: reporting (n = 10), external validity (n = 3), internal
validity - bias (n = 7), internal validity - confounding (n = 6) and power (n = 1). One item on the reporting subscale (No. 5),
can have a maximum score of 2, the other items are scored either 0 or 1 (although the item on power [No. 27], can get the
score up to 5, in this review the maximum score for this item was considered 1). Hence the maximum score possible score for
methodological quality was 28. The Downs and Black (1998) checklist is considered to be among the six best quality assess-
ment tools to be used for systematic reviews (Deeks et al., 2003). Any differences between the researchers were resolved by
discussion. Quality scores of 21 and higher were considered good, 11-20 - moderate and 10 and lower - poor (Hartling, Bri-
son, Crumley, Klassen, & Pickett, 2004).

3. Results
3.1. Literature search and excluded studies

Initial literature search and its replication brought equivalent results: Only one additional citation was retrieved and 11
sources were no longer available on ProQuest database. In total, literature search in electronic databases yielded 131 initial
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Fig. 1. Study identification flow chart.

references. A first examination of titles and abstracts led to the following: 83 citations were rejected as not relevant, i.e. they
were not dealing with lucid dream induction. Further nine citations were rejected according to our inclusion/exclusion cri-
teria, i.e. were either not empirical studies (lacked empirical validation) or just single case studies. Four other citations (three
thesis and one conference abstract) were eliminated as information in the abstract was insufficient and full texts were not
available. Thus a total of 35 references were examined as full texts. After examination, 19 papers out of them were excluded
as not dealing with lucid dream induction, being without an empirical validation or single case studies.

Furthermore, 22 additional papers were identified via hand search in lucid dreaming-specific resources, cited references
in relevant articles and personal collections. One study identified via hand search (Ripert in Price, LaBerge, Bouchet, Ripert, &
Dane, 1986) contained unrealistic data (according to the data reported, some participants had about 40 lucid dreams per
night) and was judged of extremely poor quality (initial assessment by a first judge yielded O score on the Downs and Black
(1998) checklist), hence it was discarded from further analysis.

The flowchart of the study identification process is demonstrated in Fig. 1.

3.2. Included studies

Therefore 37 manuscripts (16 identified via literature search in electronic databases and 21 via hand search) were in-
cluded in the review. Some studies were reported in two different manuscripts (e.g., Zadra, 1991; Zadra, Donderi, & Pihl,
1992), while in two other cases (Galvin, 1993; Hickey, 1988) studies involved both sleep laboratory and field experiments
witch for the purpose of this review were considered as two separate studies. Thus, a total number of 35 studies were ana-
lysed in this review. Details of the included studies are presented in Table 1.


https://www.researchgate.net/publication/232597328_Efficacy_of_lucid_dream_induction_for_lucid_and_non-lucid_dreamers?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/232597328_Efficacy_of_lucid_dream_induction_for_lucid_and_non-lucid_dreamers?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/33753344_Lucid_dreaming_as_a_learnable_skill_empirical_and_clinical_findings?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/34076962_The_effect_of_lucid_dream_training_upon_the_frequency_and_severity_of_nightmares?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==

1461

T. Stumbrys et al. / Consciousness and Cognition 21 (2012) 1456-1475

(a8pd 3xau uo panuiuod)

(%€°1) swea1p JysIu ez no
¢ Ajuo 311ym ‘pronj a1am (%,z) sweaap sdeu 681 Jo 1IN0 0g

(sa16e) sysu 9'p ur g7 1 :(9) deN
(sat10z) sySwu z ur @1 1 :(q) deN

deu urw g6 pue QTIA ‘A7 Inoqe Surpealr urw 9

‘I91Ied urw 09 dn axem ‘paq 03 awny Jen3ai (3) :deu

urw 06 pue gIIA ‘d1 Inoqe Suipeal urw Qg ‘1911e

(401 urw pg dn ajem ‘paq 03 1a3e] urw O (q) ‘deu urw 06

(fexo3 ur sq1 §) s3ysiu 11 ur g | :(e) deN [INZ1 ‘sidwealp pue qTIA ‘AT Inoqe Surpeal un g “I91Iea uiw g (¥661)
(100d) 9 sjy3ru £ ur @7 1 :(syjuow 9 3se[) aulraseg dLdM ‘dTIN poN[) ZZ=N dn ax)em ‘paq 03 193e] UIW QG (B) :SUOHIPUOD € (uryaIm) parg ‘e 12 a813geT 6
%9'8 ‘AT + 931A9p
%€°S (AT :SAT %L'E 191AdP sninwns JYSI]
(syuedionred snnuwins S| dvi/nze (#661)
8€ Woy) PIoN| a1om swealp [[e Jo (%8'8) 79T ‘uondnput d>oudAy ‘sIauwealp a81age]
(1o0d) 9 Sswiealp pas30] 896¢ ‘SIYSIU ZZ1  ‘Sulisay Ayfeal ‘ATIN poN) 9% =N Arerp wealp skep gz (UIYIIM) plol]  pue UBJIADT 8
INd Uuet}
NV Ul sq7 210w pey 6 ‘sdeu ur sq pey (%5s) a[doad 1 deu uiw g6
pIdN[ 219M swealp JY3Iu Jo (G L pue  TIA ‘@Wwnpaq Ie[n3al e 13)e | L1-¥] paq 01
Jo N0 9) %1% Auo a[iym ‘(sweaip deu N Jo %21 pue (s1owrearp 038 (deu ) ‘deu urnw gg pue QA ‘9BME UIW 06 (z661)
(100d) 9 IV jo %) pron| a1am sweap deu jo ([e10) UI £7) %TE 4LaM ‘TN ponp) gz=N  ‘I911es utw g6 dn axem (deu Ny) :SUODIPUOd 7 (UIYNM) POL [ 33 UBNAIT £
s3ysiu ay3 yum sdeu
sdeu ayy woy peajsur patedwo) ‘swajqoid [ed13ojopoyiawl 03 anp
%0¢ w:.m PN 21oM SIYSIU a3 woly pajiodar surealp paredwod jou a19m A3y ‘JaramoH “deu urwi g pue
J0 %9 'S pey sdeu ay) Jo L€ PUE SIYS[U Y1 JO %8 QTIN ‘9w [euiiou Je dn 9yem ‘I19)e] UIW Q6 Paq 03 (z661)
sjySru ay3 ueyy sdeu ay3 (szowrealp o3 (q) ‘deu unw 06 pue QI[N ‘DEME UIW 06 ‘I1911Ied EFACT: (|
(100d)  Sunnp sQ1 210w pey wayl Jo 6 ‘sa1 pey syuedonred || 41dM ‘a1in poN[) 8L =N  UIW Q6 dn dfem () :papuajul 2J9M SUONIPUOd 7 (UIYIIM) PI3Id PUE UILIS]9PT 9
ppN[ 21aMm
SWBAIP PaIANUI-I [[B JO %EE ‘AUI-31 SUIMO][0) SAT (Anyua-ax (s1owrealp a3ew Apoq 3yl uo sndoj 03 (q) 1o 3unod 03 (e) (q1661)
(100d) ¢ sjuednred jo %99 {(%€¢) sydwane [ Jo o sAT £F wearp) qTm pN|) 0g =N Ioylie wealp e woyy dn Subjem I9)e :suonpuod 7 (UIYIMm) p[ald ueyAdl S
(%L1)
y31u Je g (%8) deu ayy Sulnp | :(%S5¢) sai1 pey g :(3) deu urw g pue IIA ‘W3 [eWIou
deu ay) SuLmnp ¥ [[e ((%€€) sa1 pey ¥ :(q) je dn ayem (2) :deu urw 0 pue @TIN ‘I91[1e3 UTW 06
(%8) (s1owea1p dn axem (q) :deu uiw g6 pue QI ‘@NeME UIW 06 (e1661)
(100d) g y3ru Je [ ‘(%,9) deu ay3 Sulnp g (%S.) sa1 pey 6 :(e) 41dM ‘a1in poN[) ZL=N ‘I21[Ied uiw 06 dn ayem () :SUORIpUOd ¢ ‘s3I ¢ (UIYIIM) PRI ueJineT ¥
(€) WSw/sa1 9Z°0 :BulLIoN (s1awealp Suruiow ay) ul (q0661)
(1ood) g (syuedpnred 9) WSIu/sq1 ¥ :Sutuang atn pIaN[) 0 =N (q) 10 3UUaA3 3y} U (B) QI UIW G :suonipuod z  (UIym) p[aLd UBAT €
%€~ 14 ¥ 19ye deN
%06~ 1Y g 12ye deN
(S2) %0~ ‘12301 Ul sdeN sdeu a10yaq 3ySiu
(1e103 (s1owrealp ay3 y3m patedwod 1y 7 193je (q) 10 Y 7 19ye (e) deu (e0661)
(100d) g ul 6) PIoN| 3I9M SWealp Jo %401~ :sdeu aiojaq JYSIN dLdM ‘dTIN pN[) 0L =N Y Z © 9Ye) pue Ia1[1ea y g dn axyem :suonipuod deu g (uryarm) prarg UBJINY] T
M[d1Z0 ‘%561 SV
m[d €60 :%1°6T LY
m/d LE0 *%E9T :ATIN uonsagsnsoine (sIoweaIp (enbruyda) ou yam aurpseq (6861)
(100d) g JNoam/fjuedpdnaed 1z'0 sq1 pey siuedpnied %0z 19 ‘Sunsal Aifeal ‘qIIN pN[) 29 =N - 99M IS ) }99M (IB3 anbIULI] JUIIP YoM § (uryym) pratd ueyiAe 1
Aend S3[Nsal Ure pasn sanbruyday ordwes SPOYIdIN adAL 2JUAIYIY ON

'SaIpN3s papnydu|

L 3lqelL



T. Stumbrys et al./Consciousness and Cognition 21 (2012) 1456-1475

1462

(50 >d) v pue (10> d)
[ ueyy sqq 2Jow pey Y (100" > d) sdnoig [o13u0d ueyy
(¥ ‘1 ‘¥) sdnoi8 anbruysal ay3 ur g7 2I0W I9M I3y,

(%¥'¥) sa18L/(%L0) sAT € X

(%5°0) sat1 ¢/(%0) sa1 o
(%9°€1) sa1 6L/(%S°S) sa1 ze o

(%8%) sa1 1€/(%L°1) sAT 11 <1
(a3e19pOWII) (%9%) sat ce -
81 BLIILID [PUONUIAUOD/(%E'Z) SAT 91 — BLIDILID [eUISLIO 1y

suorows aAnisod

%G ‘swealp Ajarxue/sareundiu £z ‘sanmiduodut

Jo uoneAlasqo %y ‘Ajsnoauejuods %8z :A3png
Aiqeqoad @7 pasuanyul (zo® > d) duaLIdxd

a1 snoiaaxd pue (G0 > d) anbruydal ayj 03 ssadde yjog
(leernl

¥¥'1) sa1aid €¢ (([299] 88'9) sd 91 [1e woy sqTOLL 119
(Iscol

18'0) sa1eid €1 :([€6'1] ¥¥'1) sd 6 woy saT €2 :LAN

(s1e19pow) ([€90] ot"0) saT1e1d
91 9:([sg0=asler o =) syuedonred z woy sq7 ¢ “INAN

sa7 0 :stsoudAH
ST G :JIUOWUA

SAT L :1ssoy

Jjerapowr i 1 :asenuo)
P

[ ST 0 :adulaseg

(so>d

!60°0 ¥ #0°0 '4d0-0 "SA 1Z0 F¥L1°0 ‘NO-0) 921A3p ayy

Jo 9dua1Indd0 Aue Aq parad3L1y swealp pey (sd 6) sa1 8L
(or>d

‘%0'0 9100 440-O U1 Z 'SA 91°0 ¥ 160°0 ‘NO-O U1 9)
uoyng Sunsay, Ajfeay ayl Aq pajeniur a1am (sd 9) sa1 8
(520" >d :440-0 ur 0 'SA Q1’0 ¥ 1200

‘NO-0 ul 9) and e Aq pa1adin a1am (syuedpnied 6) sq19
(6o >d) S1'0¥60°0

440-0 %70 ¥ 0£°0 NO-O :(3ysiu/yuedpnied) ajer uesy
"d40-0 (%1€) 01 Pue NO-O (%69) T :[e301 Ul SO Z€

S2IpNISs 1330 Y3m uostedwod ul

(Surwrealp Jo ssaualeMe Jo duanbasuod e se uael

UOI1DB SWOS PIA[OAUL “3°9) PIdN| SB Wealp e Suruyap

J10J Pasn 1M BLISILID 10111s IO\ *(X) 7 Inoqe

UONBULIOJUI Y3IM [013U0) (3) T INOGe UoIIeuLIojul

noyim dnois jonuo) :(Y) uondayay (1)

(49G/IN¥VE) 06 =N uonuay] {(y) uonsagsnsoiny :sdnoid g :sx0aom g

UoI3I9[JaI ‘UonIUAIUL
‘uonsagdnsoiny

(14) anbruysay ‘aouarradxgy

{(13N) anbruyda], ‘odustiadxg oN (INAN)
anbruyda] oN ‘@duaradxdg oN :sdnoid ¢ ‘syaam 9

(dog
anbiuya) /INLL ‘syuapnis
paulquiod s,A3l0y] AJSIdAIUN) /=N

(suonjerrea [enpIAIpur

y31m) uonsagsns dnoudAy-i1sod pue 1oe3u0d
renpiaipur Ap@am ‘syrodar wearp - sisoudAHq

(G) ‘a1 01 pajeannow pue 3unsay Ayfear VSY
‘7oe3u00 dnoid Ap[eam ‘syrodal wealp — JIUOWIUN
() “4S 2dUBAPE 0] PaIPAIIOW PUB [YS] SSAUIANII
-J[9s ‘3oe3u0d dnoid ApPam ‘syiodar wealp -

1SS0y (€) ‘s310dal pa[IeIap JI0W I ewW 0} PIjeArIoW
pue [Dsy] a1reuonsanb s[[ps 310da1 ‘3oe3uod

dnoig Apjaam ‘syrodal wealp- 3senuo) (z) ‘Ajuo
sy1odal wealp - auraseq (1) :sdnoid g (syoam ¢

uonsagdns (492
onoudAy-isod ‘Sunsal JINZZ ‘syuapnis
Ay1peal ‘uonoopyay peidiapun) 8y =N

(u9am13q) Pl

(u2am19q) pIRY

(usam19q) PRl

(z661)
saID-3e[yds gl

(1661)

eIpez pue

(z661)
‘[e3e elpez 7l

(9861)
‘el [Eang L1

(d% sadpnl papurlq Aq pajen[ead sy10day (440-0) sand (s661)

(93e19pOUWI) J/INO1 ‘s1dwreaip 3ySi| ou Supnpoid pue (NO-0) sond 3ysi Supnpoid ueIAI]
4! (uonipuod yoes ur 1g8) syrodal g9 sn[nums Y317 poNy) ¥1 =N 9DIASP 1SUONIPUOD T ‘(11 = W) SIS $z-  (UIyIIm) plald  pue agrage] Q1
fyend S3[NSal UIe\] pasn sanbruysa], ordwes SPOYIDIN adAL JUAIYIY ON

(panupuoo) ¢ ajqer



1463

T. Stumbrys et al. / Consciousness and Cognition 21 (2012) 1456-1475

(a8pd 3xau U0 panuiu0d)

s z :(u ¢ ‘d 1) uondPI + puNOS + UONBIQIA

sd10 :(u :d 1) Ajuo punos

s@10 :(u g 'd 1) Ajuo uoneIqip

syuedpnred z woyy

(100d) 9 s@1 z :(s1ySwu g1 syuedodnied G) UONIIDI + UOHILIGIA

IMO uey) 191399 Apuedyiusis 319m SUonIpuod I13y3o |y

sd (£ jo)

9 :(S) SATINTYUN 9 *(€) SATNTYV € *(€) SATNTIN € [IMY

sd (830) I (1) SATNFAN € (IMO

sd (£ 30) £ (L) SQTNTIN

21 {(2) SATNTIY € (2) SATNTIN T IMY + SHd

[e1ol

ur syuedidired (8 Jo) £ {(¥) SATNAYN 6 *(€) SATNTIY

¥ ‘(sjuedpnaed ¢ woly) SATNTEN € (IMO + SHd
(SATAMIN) sa1

(sre19powt) AN ((SATNFYY) SAT INFY snondiquiy ‘(SATINTIN)
Sl SQ71 INTY snongiquieuq :paynuapul sqq jo sadAy ¢

pIdN[ WE9q pUe UOHB[NWIIS PaAlddIad
Arasrey yuedpnaed | pue (Zureuss je dn ayom
(100d) 6 Inq pon| awedaq sjuedpnied z (ponf 308 syuedpnied 9

pz >d ‘20l F9€0° = :3unsay Ayeay

€00">d ‘L80" FHTL =4 :ATIN

zeo >d

‘660" F 860" = :SAT Y3Im uoije[a110d a8esn jysrjwealq
SAT %02 “IYSITwealq yim aiiN

SAT %€ IYSITWealq Noyum qIiN

SAT %S°G -ATIA oYM Jysriwealq

SATJo %L°€ ouljeseq

CINTIN woyy

i 1 ssnnuwis 9yl Aq pa1adsLnl (%99) €€ ssninuwis Ayl
Aq pa1ad3113 Jou Inq ‘sninuwns Iyl Jaye sdNAY Ul (%22)
L1 ‘Sn[nWns ay3 210Jaq SAINTY Ul (%01) G :[e303 Ul ST 05
sa1 pey (%S6) syuedpned 6z

(%€6) 8 :uonerodiodur JnoyIm Suruemy

(%€1) 7 :uoneiodiodur Jnoyyum A3pong

(%€1) 7 :Aypn] Inoyim uonyerodiodu|

(%02) € :Appn] yam

(100d) g uonyeiodiodu] "sased (%E€) G ul AypN| ‘(303 Ul S[eLn G

(100d) g

(100d) ¥

(50" > d) A>uanbaxy 7 paseardur Apuedyrusis anbruyda],
(98°1)

Gz'1 :fou anbaiyy @1 ‘sjuednaied png g jeam pug
(z0'1) 06°0 :fouanbayy a7 (21059

pey JaAdu oym G) sq7 pey syuedonaed [ joam IS

(s1e19pOW) (zzo=as)
Sl €1°0 = W :(>9am/s3y8iu) Aduanbaiy @7 :auraseg

0:

(91e19pour) syuedpnted z :g

L1 salewnySiu palajfe pue pon| awedaq sjuednied p 1y

(y38uay pue
I2quInu ‘pupy Ul paLIeA sUoIssas Suulel} [enplalpul
(d%/INY) 8 = N S9sed awos ul) suonipuod Surkiea ydea sy -1

uo1d3[al ‘sninuwins
313SNOJE ‘UOIIRIqIA

sjoquiAs [euosiad pakojdwa SH{ "Afuo [pY ‘Ajuo
IMO ‘(IMY) suononsuj Sunfepy pasiady + SHd
{(IMO) suondnusuj Sunjep [eUISLIQ + (SHd)
uonsag3ng onoudAy-1sod :([Surdas)s 10 xyeme
I9UI9yM :pasIAdl] Surwealp 10 eme Iayaym
o1qndaosns 2INS jou a1am A3 J1 UaAS [euSIs 03 pageInodua
AjreonoudAy) 21am sjuednaed - Apnis jo 9sinod ay3 SuLmnp
0€ =N P2YIYS 9ARY SUOIIINIISUI) SUOIIPUOD ¥ (ded JySIu |

(40€ ‘uswom

uoInd3[Jal ‘uonsassns
onoudAy-1sod

(uonyernuins
(421 ‘syuspnis  ou I3jje Suruayeme) [l yojed,, auo :dad[s Y

snnwins J11329[3 Apsow) z1 = N Sunmp 3sum ay3 03 sasindwii 2113933 § ‘ydea 3ySiu |

3unsay Aiear
‘dTIA ‘snnuwins 3ySry

S921A9P JYSIJwealq ol
6 =N Ssa2oe pey syuednied (sSuneaw dnoid ApPam g

dasrs INTY

sn[nwns JY3I ¥y =N Suump jy3i| Surysey :(Je30) Ul 8G) Yoea sysmu G-

awnjoA Suiseanul Yym Ajpajeadal
pakeld sem ,wealp e s1 siy,, aseayd ‘porrad AFY

SNINWINS d13SN0JY ¥ =N yoea Jo SuruurSaq I9ye urw g[-G ‘ydea syysu z-1

anbruyoa)

pauIquod s A30UL  (46/NLL) 0Z =N (310J9q 23Mm 313 ~ AUI[aSE() SHIM T

(ML JuswWieal) arewysiu 1oj suesw e
/N9 ‘s1213jjns se pasn @7 31| Suniem (J) ‘uoissas @7 dnoid y z (g)

uonuu] Jewysiu) €z =N ‘U0Issas @7 [enpIalpul 4 z (v) :sdnoid ¢ syaam 71

(uraim) pratd

(usamiaq)
qe| daa[s

(unpim)
qey dasys

(urgm) pratd

(unpim)
qef das[s

(unpim)

qey dad[s

(urgam) prary

(usamiaq) patd

(6861) sty

(¥861)
apse)

9( uepA pue
Que pue
(¥861) aueq

(e861)
QuIPdH

(8861)
2819geT

(£861)
931ageT pue

(8861)
‘[e 39 981age]

(1861)
‘[e 39 981ageT]

(9002)
IyIed
pue uoss[neq

(9002)

nog uaQg
ueA pue
Iayewroods

|44

0c¢

61

81

L1

91

SL

vi



T. Stumbrys et al./Consciousness and Cognition 21 (2012) 1456-1475

1464

Sururen (Surhrea) (6L61)
(100d) g 9y 193ye Apjaoys 1o Sunnp sqy pey syuedonied § uond3JY Av/NTZ) 9=N pouad syaam z1 noqe ‘ydeoidde [ednd9reIq dA1IRII[END) pnwelejN 87
(6€0" = d) oW a3 J9A0 PISEIIUT SSIUIAIIIJJI 9sn awoy 10j SuIp1033a1-ade] e UIAIS OS[e aTom
(9ye19pOUI) -J19s {([%z] s310dax wealp 9§ jo Ino [e303 Ul SA] sjuedpiired ay3 pue e[ Y3 3e g pue ‘/ ‘G ‘p Syaam
1 6) s8unias awoy ur sq] paitodar syuedpnied g Jo Ino 9 UO PAIdAIRP SHA ‘Alelp wealp pouad syoam 6 (uryatm) prarg LT
sjyS1u [pjuawWLIadxa Jo oea 210j9q pajeadar
(9ye19pOUT) (reapoun ‘ZINTIN ‘ZINTIN/INTY) SuoIsedId0 uonsaddns  (J9/INz ‘s1a1ayns sem (SHJ) uonsad3ns d13oudAy-3sod "SYI9M @ 19A0 (uryarm)
L1 € uo qe| dag)s e ur g7 paylaa pey sjuedopnaed | Ajup onoudAy-i1sod areunydiu) g = N qe[ e ul (SjySiu [eauawiLadxa  + duIaseq) sy g qe[ dag|S (£661) UIAleD 97
(€002)
I(I9I\ pue
areunys3u ayy (49/INT ‘s1a1ayns Jusauean] ‘Jnog uap uea
(100d) £ 1331E 01 3P 3I9M WIAY] JO € ‘pIoN| dwedaq syuedpned 3 uonualu] Arewnysiu) g =N 2IewlySIu 10J SUBIW B S Pasn 7 :Syjuow g (uryam) pa1y  ‘Ieyewuoods Gz
pbn|
-uou %9g ‘pNPId %Z1 ‘PPN[ %69 (S =U) Mo pan)
plon snnwns 1a)e s 09-0¢ 1o Surjjeusis
-uou %9¢ ‘pPnjad 1z ‘PN ey (91 = u) Y3y pand 943 131je SUIUR[EMY ‘SN[NWIIS B I3)Je SIAS I1ay)
ppN[-uou %z ‘pronjaid M [euSis 01 pase atom syuedned ‘AyAnoe WY
%LZ ‘PPN %¥9 :(¥1 = N) Surfeusis aAs snoauejuods (s1owrealp mof 1o Y31y 19y3Ia Jo aduasald sy ul NFY JO urw G (uryarm) (e861)
(100d) z ~ swealp ponj-uou %zz ‘pRnaId %17 ‘PON| %LS :[BIOL SNINWIS J1ISNOJY pRN[) 8§ = N I9)je (19zZNq) SNINWIIS JIISNOJE ‘e[ B Ul SIYSIU - qej dag[s ‘e AaANS0 T
‘JuBISUO) UBY)
9AI123JJ9 210w 3q 03 uonIpuod dais 10j (1> d) pualL (suo]-jueISU0)) Ul § AISA 3seadul gp
(Z WOl p) | :2U0]-JUBISUO) ‘Quo) [earsnu (p) {(auo]-dais) s 0z A1aAa aseasdur
( woyy ©) o :ouoy-das dp G ‘auo) [edrsnuu (2) {(3J10A-IUBISUOD)) UIW § AT9A
(1) 1 :9910A-JUBISUOD) 9SBA.IDUI gP 7 ¢, WUIBAIP P ST SIY} ‘I9qUIdWY,, 93104 (q)
. (9310 -d23S) s 07 AI2A3 3seadul gp G ‘. Wealp e SI
( woyy Z1) € woiy ¢ :dI0A-da1s
SIY} “I9qUIDWY,, IOA (B) :SNNWIS I1ISN0dY "ATY
(6 woyy zz) G Woj G :SNINWNS JISNOJe + qTIA SuLmnp snnwins d1IsNode + TN :SIYSIU Yl pue pIg (usamiaq
(9ye19pouwn) (sd g woiy s pariodax aTiN {A[uo TIIN :SIYSIu pugz pue 3s| :ydea qe[ e ul syysiu Jurgimm)
71 61) syuedpnied ¢ woly s pawyuod 9 :Ajuo TN ‘SNINWNS J1ISN0JY 9 = N dAINI3suod-uou § ‘weirdoid Sururer) qIN SN9m € qe[ dag|s (G861) Auany] €7
Swealp [013u0 Jo ([ Jo
N0 €) %1 "SA swealp Sun{d01 Jo (7 Jo IN0 9) %G :prN]
(100" > d) 08 = UOIE[2110D DA PUe YSd
(0" > d) (€€7) 23¥] pue (G0'1) A[1ea Areuone)s 'sa (16°1)
91e] pue (00°¢) Aj1ea Sunjdod (D) WNNUIIUOD UOTILIUIN
(50" > d) (€v'v) 23] pue (S6°C)
Aj1ea A1euonels 'sa (g9'y) Suruiow a1e[ pue (06'% = )
Suruiowr Aj1es ur Sup[doa :(YSd) SSOUSAIIIII-J[IS Mead
9[eJS WNNUIIUOD UOLIRIUIW
PUE 3[BIS SSIUIAIIID[JII-J[3S PIPN[IUI SAINSLIN
'spotiad NTY Yap—-pug woy syroday “(urw g
10§ Aduanbaiy zH 1 3e) ypowwey SupdoI {(0I3U0I) (9661)
(9ye19pOw) pasn (yuedpnred (sjuapnis dowwey AIeuolIels :SUOIIPUOD PIJUB[B]IdIUNOD (uryarm) QA0
! 1ad ¥) sporiad NV 87 Jo 39sqns ‘syiodal pI[eA G UonB[NWINS IB[NQIIS9A  AJSI9AIUN) £ = N Z “powwey e ur Surdaafs yoea sjysiu g qe| daafs pue aIsa1  7Z
fAend S)[Nsal urej\ pasn sanbruyda], ordwes SPOYIdN odAL UAIRYIY ON

(panunuo2) | ajqeL



1465

T. Stumbrys et al. / Consciousness and Cognition 21 (2012) 1456-1475

‘(passasse sem Ajifenb [edrSojopoylaw Ya1ym 10j “3'9) auo Arewrid ay3 se pasn 3yl sem IsI] 9yl Ul Is1y Y3 ‘papiaold SI 90Ua19jal Apnis auo ueyl 2I0W J| :9JON

9YEME W) PAJBWIISI Ul 3SBAIDUI %0f pue el sisAjered

daa[s pasealdul ue YIIm paleIdosse os[e sem [1zadauoq

(100" > d) ogqadeid ‘sa

l1zadauoq 8w Q[ ‘[1zadauoq Sw Q[ 10J G/ 0 ‘[1zadsuog

8w G 10J 670 ‘0oqadeld 10j 1€0°0 :IySiu 1ad saer g7

sjySru [013u0d uo Afuo Q|

(100d) £ jo N0 [ 31yMm ‘syySiu [1zadauo( uo sqq paitodal o1 Jo 6

s310da1 [013U0d Q[ Ul
(93e19powr) jou Inq ‘syrodal [eauawLIadxa Q1 JO INO 9 Ul Juasaid sem
Z1 2woy) Aeids-1a3epn 'sdT pey syuedpinred ay) jo suoN

SNoIM (¢) Gz 19yje 17 :G ase)
S)99M G'] 19)Je (7 :f 9SeD
ST ON :€-T Sase)

(100d) g SY99M { 19)Je (07 [ IseD

eyd[e mo[ woyj
(93e19pow) sresnode uey3 sgunel Aypn 1aysiy pey eyde ySiy woiy
L1 s[esnole sfaad] eydie AFY/ANPIon| uo 129339 ou pey 14y

swweigoid Sururen ay3

(100d) £ Suumnp ([e303 ul ) sa1 Pey (%¢6) USIP[IYd €1 jo N0 71
(%8€) s3I 91 ur sq1

(1ood) £ 9 :qejdasjs e ul sqT PayLaA pey (%0S) UIp[IYd {7 JoIno g

(920" = d) 12332 JuedyIUSIS pey Julurel)

[013u0d wealq (100" > d) sdnoI3 sso1de SaUIYIP
JuedyIusis - spN[-uou ‘sa syuednied pRN[ Jo JIaqunN
(%1°€L)

7€V JO N0 sAT LS 'sAT(%0S) 91 :[uondspay] ewayds
(%6°0) S¥€ 30 N0 ST € ‘SPN] (%01) € [0V UONUIMNY

(s1e19pou) (%9°'1) sweaip
L1 €€¥ Jo Ino sq1 £ ‘syuednred pon| (%5°C1) & aul[aseg

3w g1 n1zadauo( (g) ‘Sw g

uonsagul [izadouo@  (4€/NL) 0L =N [1zadauoq () :0qade[d (1) :SUOIPUOD ¢ ‘SIYSIU ¢

sa3pnl Aq pajer syiodar wealq ‘(193em Zuryserds
noyum) d8uLiAs e yimm Suipuels Ajuo — uonipuod
[013U0D (Z) :93ULIAS B 1M puey 10 9I8j IIdY) U0
I91eM dwos Sulyse[ds 191je- UONIPUOD [BIUAWILIAAXD
(1) :spourad NTY 23] Sulinp sSuiuayeme

7 ‘(310J9q 1yS1u uoneidepe+) ey e ur Jysu |

(48/INT *syuapnis
snnuns I19Jepy  AJSIdAIUN) O = N

(A138eW1 papIng WS YIM) aUuo[e uondnpul

a1 (s-¢ sased) syuedpnaed ¢ 19ylo ‘uondnpul qi

(s1219yyns pue ‘A1a8ewl papIng ‘UOIILXE[AI [ISNW dAIssaIZ01d
areuwnjydiu) g =N pey (g-1 sased) syuedonaed g (SaLIas ase)
pasn sa[eds [013u0d wealp/Aypn|

jutod g1 pue Aypngjulod £ ‘(eydre mof yaim

201m3 pue eydre Y31y yirm ad1m3) dag[s Y Sunp

(4S/ING ‘siawealp sawn § pauddemy "1y noyim () ‘(14y) Sumuren
poN) 01 = N }2eqpas) eydie yaim (1) :sdnoid g ‘qej e ut sysiu g

uonuIU|

}oeqpasy eydly

(z1-01 pase (saniande
uIp[Iyd) €1 =N 11e os[e papnpour) weiold Surures syaam 9
JI910 pue Surweap (z1-01 pade

-31 ‘uond3YAI ‘AN UuIp[IYd) =N qe[ e ur s3ySIu 9A1INIASU0I-UOU }

sagpn[ Aq pai1ods

sytodal wealq ‘(39[92eIq) 9Nd B pUP dIIPUUONSIND
wealp mMof [ [0JJUO0D WEAIP + () S dWes 3y :ewayds

pue ysiy S ‘49¥ (€) ‘Buneaw ApPam (DSY) 21reuuonsanb s[pys

/INGY ‘syuapnis 310dal ‘syrodal wealp - [013U0) UOUANY (7) ‘Auo

uonIay peidiapun) 6 = N S110dal wealp - aurseq ([) :SUOIIPUOD € SHIODM €

(s19q1RI21

(¥002)
(uryaim) pratd EEACT: 1y Bl
(urgam) (8L61)
qe| da9|s Quleay ¢

(661)
(uryam) platd [yid pue eipez €€

(uaamiaq

[urgam) (zs61)

qe[ do9[s  ‘[e 9 AA[IB0  CE
(uryam) pparg |53

(uryam)

qey doa[S (8861) AXPIH  0€

(usamiaq) pratd (8861) [122Ind 67



1466 T. Stumbrys et al./Consciousness and Cognition 21 (2012) 1456-1475
3.3. Methodological quality

The 35 studies included in the review (11 sleep laboratory and 24 field studies) were assessed for their methodological
quality independently by two researchers. The interrater reliability between the initial ratings of the two judges was very
high (kappa =.91; 95% CI 0.88-0.94). The agreed final ratings are presented in Table 2.

Taking together, the methodological quality of the studies was quite poor: The average score on the Downs and Black’s
(1998) checklist was only 9.1 out of 28. Both sleep laboratory and field studies had the same level of methodological quality
(9.3 and 9.0, respectively). The “reporting” subscore for the included studies averaged 4.3 out of 11, external validity 0.7 out
of 3, internal validity-bias 2.5 out of 7, and internal validity-confounding (selection bias) 1.6 out of 6. None of the studies had
a good methodological quality (>20). Fourteen studies (40%) had a moderate quality (11-20) and 21 (60%) poor (<11). Con-
sidering the overall poor quality of the studies, small sample sizes used, great variability of the exact conditions in which
induction techniques were applied and lack of reporting effect sizes respective data for computing effect sizes, it was not
possible to carry out a meta-analysis. Hence our analyses will focus on a descriptive level.

3.4. Cognitive techniques
Twenty-seven (77%) studies employed cognitive techniques for lucid dream induction. Cognitive techniques were applied

in 22 (96%) field experiments and five (45%) sleep laboratory studies. The following techniques were used: MILD (Mnemonic
Induction of Lucid Dreams), Reflection or Reality Testing, Intention, Tholey’s Combined technique, Autosuggestion, Dream

Table 2
Methodological quality of the included studies (agreed ratings).
No Reference Item number on the Downs and Black’s (1998) checklist Total
12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 ~ ¢
1 Levitan (1989) 1011000000 O 0 1 OO O1 o011 01 1 0 0 0 0 O 8
2 Levitan (1990a) TtT001000OO0OO0OO0OO O11 0 OO OOOWOT1TT1TO0OTUO0OTUO0OTUO0OSFTUO 5
3 Levitan (1990b) T001000OO0OO0OO0OO O1 0 OO OOOWOT1TT1TO0OTUO0OTUO0OTUO0OSTUO 5
4 levitan (1991a) TtT001010O0OO0OO0OCO0OO O1 0 011 00 01 1 0 0 0 0 o0 8
5 Levitan (1991b) T001000OO0OO0OCO0OO O11 0 O0O O O O0O0OO11 0 0 0 0 o 5
6 Edelstein and LaBerge ooo0o10o00000 O O 1 0 0 OO 0 0 0O1 1 0 0 0 0 o0 4
(1992)
7 Levitan, LaBerge,andDole 1 0 0 1 00O OOOO O O 1 O O O O O 1 0 1 1 0 0 0 0 O 6
(1992)
8 Levitan and LaBerge (1994) 1 0 1 ooooo0oo0 o0 O 1 0 O O 0 0 1 01 1 0 0 0 0 O 6
9 LaBerge, Phillips, and TtT001000OO0OO0OCO0OO O11 0O OO O0O1 01 1 0 0 0 0 o 6
Levitan (1994)
10 LaBerge and Levitan(1995) 1 1 1 1 0 1 1 0 o o o0 1 1 1 1 1 1 1 1 0O 0 0 0 14
11 Purcell et al. (1986) coo112011011 0 0 1 0o 0 01 1.0 1 1 1 1 O O O O 13
12 Zadra, Donderi, and Pihl 1111111010 0 O 1 011011 01T 1 1 0 0 O 1 0 16
(1992)
13 Schlag-Gies (1992) 1111111011 O O 1 O O 11 1 1 1 1 1 0O O O 1 18
14 Spoormaker and van den ocoo101o00011t o o110 011111 00 0 01 0 1 1 0 1M

Bout (2006)

15 Paulsson and Parker(2006) 1 1 11111010 O O 110 0111 1 0 01 1 0 0 0 0 1 15
16 LaBerge et al. (1981) 1000010010 0O O 0 0O OO O OT1T1O0O0 O0OO OO0 O 5
17 LaBerge et al. (1988) 1000010000 O O 0O 0O O0OOOUOT1TT1O0O0OTUOTUOTUOOSTFTO 4
18 LaBerge (1988) ooooo0oo01001 0 0 1 0 0 0 OO O O 1T 1 0 0 0 0O 5
19 Hearne (1983) tT011010000 0 0 0 1 0 1 1 01 1 0 O0O0OO0O O OO 9
20 Dane (1984) t1111110010 0 0 0 0 1.0 1 1 1 1 001 01 1 0 15
21 Reis (1989) ooo01010110 0 0 1 0 0 0O OO O O 1T 0 O0OO0OTUO0OTGOFUDO 6
22 Leslie and Ogilvie (1996) t1101110011 0 0 0 11 0 1 1 1 1 0 0 0 O0 O0 1 0 14
23 Kueny (1985) t011110000 0 0 0 0 1 0 1 1 1 1 01 0 0 O0 0 1 12
24 Ogilvie et al. (1983) ooooo0oo0o0000 O O OO OO OWOT1TT1 0 00 O0O0O00O0 2
25 Spoormaker,vandenBout, 1 0 1 1 000010 O O 1 0 O O 1 0 0 0 0 0 O O O 1 O 7
and Meijer (2003)
26 Galvin (1993) (sleep lab) 1111110001 O O O OO OT1To011 01 00 O0 O0OO0 1M
27 Galvin (1993) (field) 1111111001 0 0O 1 o0 0111 1 0 01 0O O O O O 14
28 Malamud (1979) 1111100010 0 0 1 0 O O O O O OOT1TUOTUOUOOTDO 8
29 Purcell (1988) t1111r011011 0 0 1 o 1 01 1 1 1 1 0 1 0 0 1 0 17
30 Hickey (1988) (sleep lab) 1100000010 O O 0 0 0111 01 1 0 0 0 O0 O0 0 O 7
31 Hickey (1988) (field) t1100000010 O O 1 0 01 1 0 0 0 OO O O O 1 0 7
32 Ogilvie et al. (1982) oo11000010 o0 0 0 1 101111 1 01 0 0 0 1 0 11
33 Zadra and Pihl (1997) oo0o11000010 0 0 1 0 0 0 0O OO O O O O OTW OT1TDO 5
34 Hearne (1978) t1111r010010 0 0 0 1 0 01 01 1 001 0 O0 1 0 12
35 LaBerge (2004) 1011000010 O O O 1 O0O0OOUOOOTUOT OT1TOTUOT1FUO0 7
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Re-Entry, Post-hypnotic Suggestion, and Alpha Feedback. The overall methodological quality for studies involving cognitive
techniques was 9.3.

3.4.1. MILD

MILD technique, which requires to rehearse a dream before falling asleep and visualise becoming lucid while focusing on
the intention to remember that one is dreaming (LaBerge, 1980b), was the one most often tested empirically. It was applied
in 10 studies: nine field experiments and one sleep laboratory study. However, the only sleep laboratory study (Kueny, 1985)
that involved MILD, used it only as a control condition, while the nine field studies, conducted entirely by LaBerge, Levitan
and their colleagues (Edelstein & LaBerge, 1992; LaBerge, 1988; LaBerge, Phillips, & Levitan, 1994; Levitan, 1989, 1990a,
1990b, 1991a; Levitan & LaBerge, 1994; Levitan, LaBerge, & Dole, 1992), showed poor reportability scores (average “report-
ing” subscore was only 2.1 out of 11). The overall quality score for those nine studies was also very low (only 5.9).

It seems that MILD practice can increase the frequency of lucid dreaming (LaBerge, 1988; Levitan, 1989, 1991a; Levitan &
LaBerge, 1994). The relation between MILD practice and lucid dreaming frequency appears to be quite weak (r = 0.124), but
significant (LaBerge, 1988). When using MILD in early morning hours, lucid dreams seem to be much more likely during fol-
lowing naps than the night before (Edelstein & LaBerge, 1992; LaBerge et al., 1994; Levitan, 1990a, 1991a; Levitan et al.,
1992). It appears to be favourable to wake up 30-120 min earlier, stay awake for those 30-120 min, go back to bed, practice
MILD and take a nap (LaBerge et al., 1994; Levitan, 1990a, 1991a; Levitan et al., 1992). The shorter periods of wakefulness,
such as taking a nap after 10 min (LaBerge et al., 1994) or immediately after awakening (Levitan, 1991a), as well as longer
ones, such as taking a nap after 4 h (Levitan, 1990a) or after 14-17 h in the afternoon (Levitan et al., 1992), seem to be less
favourable for MILD practice. MILD seems to be slightly more effective than light stimuli presented during REM sleep; how-
ever, the combination of both appears to be even more favourable for lucid dream induction (LaBerge, 1988; Levitan & La-
Berge, 1994).

3.4.2. Reflection/reality testing

Reflection or reality testing technique involves asking oneself regularly during the day whether one is dreaming or not,
and examining the environment for possible incongruences (Tholey, 1983). Reflection/reality testing was employed in one
sleep laboratory experiment (Dane, 1984), but was not used as an experimental condition, and in eight field studies (LaBerge,
1988; Levitan, 1989; Levitan & LaBerge, 1994; Malamud, 1979; Purcell, 1988; Purcell, Mullington, Moffitt, Hoffmann, & Pi-
geau, 1986; Reis, 1989; Schlag-Gies, 1992). However, one field study did not report the relevant findings (Levitan & LaBerge,
1994) and in another study (Reis, 1989) it was used only in combination with external stimulation, so only the data from the
remaining six field studies (average methodological quality 11.5) was considered.

Reflection/reality testing seems to increase frequency of lucid dreams (Levitan, 1989; Purcell, 1988; Purcell et al., 1986;
Schlag-Gies, 1992), although one study did not find any relation between reality testing practice and lucid dream frequency
(LaBerge, 1988). There are some indications that reflection/reality testing might be more effective than other cognitive tech-
niques, such as autosuggestion (Levitan, 1989; Schlag-Gies, 1992), post-hypnotic suggestion (Purcell et al., 1986) or intention
(Schlag-Gies, 1992). Comparison with MILD is ambiguous: in one study (LaBerge, 1988) reality testing seemed to be some-
what less effective than MILD, while other study (Levitan, 1989) yielded opposite results.

3.4.3. Intention

Intention technique requires that a person - before falling asleep — imagine himself or herself as intensively as possible
being in a dream situation and recognise that one is dreaming (Tholey, 1983). Therefore intention technique is fairly similar
to MILD, however it does not involve “mnemonic” component, i.e. while the emphasis in MILD is to remember that one is
dreaming, in intention technique it is to recognise that one is dreaming. The technique was employed in four field studies;
however, three of them were not specifically concerned with lucid dream induction, but used it as a means for nightmare
treatment (Spoormaker & van Den Bout, 2006; Spoormaker et al., 2003; Zadra & Pihl, 1997). The fourth one compared inten-
tion technique with other induction methods (Schlag-Gies, 1992). The average methodological quality for these studies was
10.3.

About a half of nightmare sufferers who were taught lucid dreaming with the intention technique had lucid dreams with-
in one to 3 months (Spoormaker & van Den Bout, 2006; Spoormaker et al., 2003; Zadra & Pihl, 1997). The other study showed
that intention technique can be successfully used for lucid dream induction; however, it seems to be somewhat less effective
than reflection technique and similarly effective as autosuggestion (Schlag-Gies, 1992).

3.4.4. Autosuggestion

In autosuggestion technique a person suggests to himself or herself to have a lucid dream during the night while being in
a relaxed stated before falling asleep (Tholey, 1983). Only two studies empirically explored autosuggestion technique (Lev-
itan, 1989; Schlag-Gies, 1992), with an average quality score of 13.0. The findings regarding effectiveness of this technique
are inhomogeneous: While in one study autosuggestion technique seemed to increase the number of lucid dreams (Schlag-
Gies, 1992), in the other study no such effect was found (Levitan, 1989). Autosuggestion appears to be less effective than
reflection/reality testing, but similarly effective as intention technique (Schlag-Gies, 1992). There are some indications that
autosuggestion might be slightly more useful for frequent lucid dreamers, who have one or more lucid dreams per month
(Levitan, 1989).
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3.4.5. Tholey’s combined technique

Tholey’s (1983) combined technique incorporates elements of reflection, intention and autosuggestion. It involves devel-
oping a reflective frame of mind (reflection), imagining being in a dream and recognising this (intention), as well as suggest-
ing oneself to become lucid when falling asleep (autosuggestion). Tholey’s combined technique was used in two field studies
(Paulsson & Parker, 2006; Zadra et al., 1992). Their methodological quality was moderate (mean score 15.5). The evidence
suggests that Tholey’s combined technique can significantly increase the frequency of lucid dreaming, especially for those
participants who had previous experience with lucid dreams (Paulsson & Parker, 2006; Zadra et al., 1992). But even those
participants who had not had any prior lucid dreaming experience had significantly more lucid dreams when using the tech-
nique in comparison to the controls who were not exposed to Tholey’s combined technique (Zadra et al., 1992).

3.4.6. Post-hypnotic suggestion

In post-hypnotic suggestion a hypnotherapist suggest to a person is who is in a hypnotic trance to have a lucid dream the
next night. This method was used in two sleep laboratory experiments (Dane, 1984; Galvin, 1993) and two field studies (Galvin,
1993; Purcell et al., 1986). The overall quality of these studies was fair (mean 13.3). While in one study 14 out of 15 hypnotically
susceptible women reported lucid dreams during the only night spent in a sleep laboratory (Dane, 1984), the other sleep lab-
oratory study failed to replicate these findings (Galvin, 1993). The findings from the field experiments are also inhomogeneous:
According to one study, post-hypnotic suggestion helped to increase self-reflectiveness in dreams and the majority of the par-
ticipants were able to have at least one lucid dream during a 9 week period (Galvin, 1993), the other study did not find any ef-
fects during a 3 weeks period (Purcell et al., 1986). It is notable that in the successful sleep laboratory study (Dane, 1984) post-
hypnotic suggestion resulted in a greater number of NREM lucid dreams than REM lucid dreams.

3.4.7. Alpha feedback

One sleep laboratory study (methodological quality: 11) employed EEG alpha activity biofeedback training before sleep
for lucid dream induction (Ogilvie, Hunt, Tyson, Lucescu, & Jeakins, 1982). This method was based on an assumption that
lucid dreams are associated with relatively high degrees of EEG alpha frequency synchronisation. Alpha feedback training
had no effect neither on lucidity nor on REM alpha levels in this study.

3.4.8. Dream re-entry

One field study (Levitan, 1991b) explored the method of dream re-entry, which aims to enter the dream state directly
from a short awakening after a dream. The dreamer is instructed to keep still and focus his or her mind on a particular activ-
ity like counting while falling asleep. Using this approach, one might enter the dream state without losing conscious aware-
ness (this idea has ancient origins in the Tibetan dream yoga tradition, see e.g. Wangyal, 1998). Two methods for focussing
were used: “Counting” (which requires the participant to focus on counting while falling asleep) and “Body” (focus on the
own body while falling asleep). Dream re-entry appeared to be fairly successful (43 out of 191 attempts [23%] resulted in
lucid dreams) with “Counting” method seemingly slightly more favourable than “Body” method. Notably, participants using
“Counting” method were seemingly more likely to fail to return to sleep, whereas using “Body” method they were more
likely to enter sleep without dream recall. However, the methodological quality of this study was low (5).

3.4.9. Other (eclectic) approaches

One study (Hickey, 1988), which involved both field and sleep laboratory experiments (methodological quality 7, both)
used a combination of various methods, such as MILD, reality testing, re-dreaming among others, to promote lucidity in chil-
dren aged 10-12 years. Although 12 of 13 children reported at least one lucid dream in their home setting during a 6 week
training period (24 lucid dreams in total) and two of four children had a verified lucid dream in a sleep laboratory (6 lucid
dreams were recorded in 16 nights), due to an eclectic approach used, it is impossible to measure the exact impact of each of
the techniques used.

3.5. External stimulation

Eleven (31%) studies used external stimulation during REM sleep to trigger lucidity. External stimuli were employed in
seven (64%) sleep laboratory studies and four (17%) field experiments. External stimulation involved light stimulus, acoustic
stimulus, vibro-tactile stimulus, electro-tactile stimulus, vestibular bodily stimulation and water stimulus. The methodolog-
ical quality of studies that employed external stimulation was 8.1.

3.5.1. Light stimulation (including DreamLight, DreamlLink, NovaDreamer)

Light stimuli were administered in four studies: one sleep laboratory experiment (LaBerge, Levitan, Rich, & Dement, 1988)
and three field studies which used specially constructed and commercially available devices (DreamLight, DreamLink, Nova-
Dreamer) for producing light stimuli during REM sleep (LaBerge, 1988; LaBerge & Levitan, 1995; Levitan & LaBerge, 1994). One
field experiment (LaBerge & Levitan, 1995) had a fair methodological quality (14), while the remaining three studies were of a
rather poor quality (average: 5.0). While light cues can be successfully incorporated in dreams and trigger lucidity (LaBerge &
Levitan, 1995; LaBerge et al., 1988), there are some indications that light stimuli might be slightly less effective than cognitive
MILD technique but the combination of two seems to be even more promising (LaBerge, 1988; Levitan & LaBerge, 1994).
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3.5.2. Acoustic stimulation

Acoustic stimuli (such as voice “this is a dream”, a musical tone or buzzer noise) were applied in three sleep laboratory
studies (Kueny, 1985; LaBerge, Owens, Nagel, & Dement, 1981; Ogilvie et al., 1983) and one field study (Reis, 1989) with an
average methodological quality of 6.3. There are some indications that acoustic stimulus might help to achieve dream lucid-
ity (LaBerge et al., 1981), but it is not conclusive (Kueny, 1985; Reis, 1989). One study did not find any difference between
playing a voice message and a musical tone; however, it seems that gradually increasing in volume, acoustic stimuli are more
effective than a constant one (Kueny, 1985). It is also possible that providing an acoustic stimulus during REM sleep with
little alpha activity in the EEG might be more effective than during high alpha REM (Ogilvie et al., 1983). Other findings, how-
ever, suggest that lucidity itself might be associated with high alpha EEG activity (e.g. Ogilvie et al., 1982).

3.5.3. Vibro-tactile stimulation

One field study, with a methodological quality of 6, used vibro-tactile stimulation for lucid dream induction (Reis, 1989).
While vibro-tactile stimulation, when used in combination with reflection (or also in addition combined with acoustic stim-
uli), resulted in some lucid dreams, due to a great variety of conditions used (e.g. training sessions received, their durations,
etc.), the generalisation of findings is complicated.

3.5.4. Electro-tactile stimulation

Electro-tactile stimuli, applied on the wrist, were used in one sleep laboratory experiment (Hearne, 1983) with a quite
good success rate: Out of 12 participants who spent a single night in a sleep laboratory, six achieved lucidity due to electric
stimulation, two other subjects also achieved lucidity, but woke up at signalling and another one became lucid after falsely
perceiving stimulation. The methodological quality of the study was 9.

3.5.5. Vestibular stimulation

One study (Leslie & Ogilvie, 1996) employed vestibular stimulation - participants were rocked during REM sleep at a con-
stant frequency while sleeping in a hammock. Although findings are not conclusive, there are some indications that vestib-
ular stimulation can increase dream reflectiveness in early vs. late morning REM periods. The methodological quality of the
study was 14.

3.5.6. Water stimulus
In one sleep laboratory study (Hearne, 1978), with a methodological quality score of 12, a water stimulus was applied, i.e.
some water was splashed on the face or hand of the participants. Water stimulus had no effect on dream lucidity.

3.6. Application of drugs

One study (LaBerge, 2004) administered an acetylcholine esterase inhibitor class drug — Donepezil (AriceptA®) - to en-
hance lucid dreaming. Two doses of donepezil (5 mg and 10 mg) were used as well as a control placebo condition. Nine
out of 10 participants reported one or more lucid dreams in two nights, when they received donepezil, while only one par-
ticipant reported a lucid dream on the control placebo night. Donepezil seemed to significantly enhance lucidity rate, fre-
quency of sleep paralysis and increased estimated time awake during the night. The higher dose was associated with
stronger effects, but seemed to provide some adverse effects (i.e. mild insomnia and gastrointestinal symptoms such as nau-
sea and vomiting). The methodological quality of the reported study was 7.

4. Discussion

Thirty-five studies that explored over a dozen various techniques for lucid dream induction were examined in this review.
Three classes of methods were employed by researchers to facilitate lucid dream induction: Cognitive techniques, external
stimulation and drug application. Cognitive techniques are based on the continuity hypothesis of dreaming, which states
that dreams reflect waking-life experiences (Schredl & Hofmann, 2003), and aim to increase the likelihood of lucid dreams
by training cognitive skills, such as prospective memory (MILD technique), self-reflection or intention. External stimulation
techniques intend to trigger lucid dreams during REM sleep either by presenting a cue (visual, auditory, tactile, etc.) that
might be incorporated in the dream and recognised by the dreamer or by a specific activation (e.g. vestibular). Finally, drug
application methods aim to alter cholinergic levels of the brain to enhance lucidity in dreams. Cognitive techniques were
applied mainly in field studies, while external stimuli were primarily used in sleep laboratory experiments. None of induc-
tion techniques were verified to induce lucid dreams reliably, consistently and with a high success rate. Most lucid dream
induction methods produced only slight effects, although some of the techniques look promising.

One of such promising methods among cognitive techniques seems to be Tholey’s combined technique, which was suc-
cessfully tested in two studies with a relatively high methodological quality. MILD technique, applied in the early morning
after 30-120 min of wakefulness, perhaps also in a combination with light stimuli presented during REM sleep, is another
example, although it was explored within a single research group only. Similarly, the intention technique as well as reflec-
tion/reality testing might also be a successful means for lucid dream induction. Although only explored in a single study with
a low methodological quality, dream re-entry techniques showed a good success rate and therefore need further investiga-
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tion and replication. The effectiveness of autosuggestion and post-hypnotic suggestion techniques is not clear. It might de-
pend strongly on a person’s hypnotic suggestibility, i.e., the high success rate in one study (Dane, 1984) with highly suscep-
tible participants might be explained by the participants’ high hypnotic suggestibility (selection criteria). Although it is an
interesting idea to associate dream lucidity with alpha activity in the EEG during REM sleep, this causality of this relation
seems to be unclear (cf. Ogilvie et al., 1982, 1983) and a possibility of using such biofeedback is a rather complicated method
for lucid dream induction.

Concerning external stimulation techniques, the situation is somehow less clear. Although some stimuli, such as light
flashing on the eyes of a dreamer or an electrical impulse applied on the wrist during REM sleep might be effective for lucid
dream induction, these findings should be interpreted with caution: the results were achieved in within one research group,
which afterwards developed special commercially available induction devices based on these modalities (LaBerge’s Dream-
Light, DreamLink, NovaDreamer light cue devices, Hearne’s electrical “dream machine”). So there might be a bias in these
findings, for example, not publishing unsuccessful trials. For instance, Venus (1982) reported little success with Hearne’s
“dream machine”. Among other modalities, gradually in volume increasing acoustic stimuli might also help to achieve lucid-
ity in dreams. Although the findings are not conclusive, vestibular and vibro-tactile stimulations showed some success and
might also contribute to lucid dream induction, but further investigations with these modalities are needed. It is much less
clear whether water stimuli can possibly trigger lucid dreams. While in most cases lucidity is attained when a dreamer rec-
ognises a prearranged external stimulus as a cue in the dream that he or she is dreaming, in some cases an external cue can
trigger lucidity even without being actively recognised by the dreamer (e.g. LaBerge et al., 1981, 1988). However, for success-
ful recognition of a cue during the dream some cognitive preparation might also be needed - the dreamer should have an
appropriate mindset to recognize the cue.

Aseparate category of induction techniques, which was not covered in earlier reviews (e.g. Gackenbach, 1985-1986; Price &
Cohen, 1988), emerged in this review - drug application as a means to induce lucid dreaming. While only donepezil was tested
empirically (LaBerge, 2004), it has been speculated that also other substances, such as DMAE (2-dimethylaminoethanol),
rivastigmin, galantamine, huperzine, can enhance lucidity in dreams via altering cholinergic system, i.e. increasing the levels
of acetylcholine in the brain (LaBerge, 2004; Sergio, 1988; see also Yuschak, 2006). Although the only study showed some suc-
cess with donepezil, more rigorous studies have to be carried out in order to have a better picture of the effects of such sub-
stances, paying special attention to adverse effects like insomnia and gastrointestinal symptoms.

On the basis of the reviewed studies, we present a taxonomy of lucid dream induction methods (Table 3), based on empir-
ical evidence identified in this review. Induction techniques are first classified into the three broad categories cognitive tech-
niques, external stimulation and miscellaneous methods.

Cognitive techniques are divided further into DILD and WILD, in accordance with a suggestion by LaBerge and Rheingold
(1990), as these two categories represent two different approaches in initiation of lucid dreams. With the former, lucid
dream is initiated from within a dream, i.e. a person becomes lucid during a dream, while with the latter, one aims to retain
conscious awareness when falling asleep and directly (re)enter the dream state. WILD techniques (also called techniques for
retaining lucidity) can be used either immediately after awakening from a dream (dream re-entry, Levitan, 1991b) or after
some period of wakefulness (Tholey, 1983). In miscellaneous techniques, we include drug application and WBTB (Wake-up-
Back-To-Bed) method (Erlacher, 2010), where a person goes back to bed and takes a nap after a certain period of awakening
(e.g. 30-120 min) during early morning hours (Edelstein & LaBerge, 1992; LaBerge et al., 1994; Levitan, 1990a, 1991a; Lev-
itan et al., 1992). Although WBTB was tested empirically in combination with MILD only, it seems to be a method for facil-
itating lucidity on its own and perhaps might be successfully applied in combination with other induction techniques.

To provide a clearer picture of possible efficacy of induction methods, we have employed a traffic light metaphor to code
the effectiveness evidence levels. Green colour was designated to those induction methods that were demonstrated to be
successful in at least two empirical studies without divergent evidence. Yellow colour was used for those methods that
showed some success when tested empirically, but the findings were not replicated or are ambiguous. Finally, red colour
was assigned to those methods which verification was unsuccessful. These designated effectiveness evidence levels, how-
ever, do not take into account methodological rigorousness of the studies included. For example, although Tholey’s combined
technique was verified in two studies only, both of these had a fair methodological quality and were carried out by indepen-
dent research groups, while MILD was explored in nine field experiments, but within a single research group and very poor
methodological rigorousness.

While conducting the review, we also identified a number of proposed lucid dream induction methods that were not
tested empirically and warrant further investigation. Among cognitive techniques, such methods include WILD techniques
based on concentration on hypnagogic imagery or active visualisation (LaBerge & Rheingold, 1990; Tholey, 1983). For exter-
nal stimulation, transcranial magnetic simulation (TMS) and transcranial direct current stimulation (tDCS) are proposed to
be applied during REM sleep (Karim, 2010; Noreika et al., 2010) which can increase cortical excitability of brain structures
that are supposedly linked to lucid dreaming, such as the dorsolateral prefrontal cortex (DLPFC) (Hobson et al., 2000) and
therefore trigger lucidity in dreams. Alternatively, galvanic vestibular stimulation (GVS) can be used for direct stimulation
of vestibular system (Noreika et al., 2010), which is also linked to lucid dreaming (cf. Leslie & Ogilvie, 1996). In addition
to donepezil, other substances, such as galantamine, rivastigmin, huperzine and DMAE, have been suggested as drugs that
can enhance lucidity in dreams (LaBerge, 2004; Sergio, 1988).

Before discussing in details methodological issues pertaining the studies reviewed, some limitations should be acknowl-
edged about the methodology of the present review. Although we put an extensive effort in locating all possible existing evi-
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Table 3
Empirically based Taxonomy of lucid dream induction techniques.

Method Effectiveness evidence level References

1.Cognitive techniques
1.1. Dream-initiated (DILD)
1.1.1. MILD Green Edelstein and LaBerge (1992), Kueny (1985), LaBerge (1988), LaBerge et al.
(1994), Levitan (1989, 1990a, 1990b, 1991a, Levitan and LaBerge (1994),
and Levitan et al. (1992)

1.1.2. Reflection/reality testing Green Dane (1984), LaBerge (1988), Levitan (1989), Levitan and LaBerge (1994),
Malamud (1979), Purcell (1988), Purcell et al. (1986), and Schlag-Gies
(1992)
1.1.3. Intention Green Schlag-Gies (1992), Spoormaker et al. (2003), Spoormaker and van den Bout
(2006), and Zadra and Pihl (1997)
1.1.4. Autosuggestion Yellow Levitan (1989) and Schlag-Gies (1992)
1.1.5. Tholey’s combined technique Green Paulsson and Parker (2006) and Zadra et al. (1992)
1.1.6. Post-hypnotic suggestion Yellow Dane (1984), Galvin (1993), and Purcell et al. (1986)
1.1.7. Alpha feedback Red Ogilvie et al. (1982)
1.2 Wake-initiated (WILD)
1.2.1. Counting Yellow Levitan (1991b)
1.2.2. Body image Yellow Levitan (1991b)
2. External stimulation
2.1. Light stimulus Green LaBerge (1988), LaBerge et al. (1988), LaBerge and Levitan (1995), Levitan
and LaBerge (1994)
2.2. Acoustic stimulus Yellow Kueny (1985), LaBerge et al. (1981), Ogilvie et al. (1983), and Reis (1989)
2.3. Vibro-tactile stimulus Yellow Reis (1989)
2.4. Electro-tactile stimulus Yellow Hearne (1983)
2.5. Vestibular stimulation Yellow Leslie and Ogilvie (1996)
2.6. Water stimulus Red Hearne (1983)

3. Miscellaneous
3.1. Drug application
3.1.1. Donepezil Yellow LaBerge (2004)
3.2. WBTB? Green Edelstein and LaBerge (1992), LaBerge et al. (1994), Levitan (1990a, 1991a),
and Levitan et al. (1992)

Note: Effectiveness evidence levels: Green - method was demonstrated to be successful in several empirical studies; Yellow - method showed some success
but findings were not replicated or are ambiguous; Red — method was not successful. Reference lists include empirical studies in which these methods were
empirically verified.

2 WBTB technique was tested empirically only in combination with MILD.

dence on lucid dream induction, it may still be that some evidence remained unidentified. Also we had to restrict ourselves
to evaluate only such evidence which has been published at least in some form (e.g. journal article, thesis/dissertation, con-
ference abstract, etc.). This might have affected the assessment of some evidence which was only partially available in a pub-
lished form (e.g. conference presentations where only abstracts were available without the actual content of the
presentation) and therefore was evaluated only according to what was published, but not necessary to what was actually
presented, as the presenter might have clarified some points during the presentation itself. Finally, the methodological qual-
ity checklist used in this study (Downs & Black, 1998) is more tailored to evaluate clinical (medical) studies and its assess-
ment criteria might have been too rigorous for the evaluation of studies within a more explorative field of lucid dream
research. There were items, for example, 8 (assessment of adverse effects), 11 and 12 (representative sampling) or 24 (con-
cealment of randomisation both from participants and staff), that were always or nearly always scored as 0.

The review revealed a number of methodological issues related both to the methodological quality of the studies re-
viewed and lucid dream research in general. While the application of a rigorous checklist might not have revealed all subtle
methodological quality differences within the studies reviewed, the assessment results are nevertheless indicative. None of
the reviewed studies can be considered as having a good methodological quality and the majority of the studies were rather
methodologically poor. Based on our assessment, some suggestions for researchers on how to improve the methodological
quality of their studies can be provided.

Firstly and foremostly, researchers should pay special attention to how they are reporting their studies. Many papers do
not clearly describe the main outcomes to be measured and detailed outcome data, including estimates of the random var-
iability (standard deviations, confidence intervals, etc.) and especially effect sizes. We were not able to carry out a meta-anal-
ysis regarding the effectiveness of different induction techniques and had to limit the review to a descriptive level. Reporting
of effect sizes would allow proper meta-analysis and more accurate comparisons among different techniques to be done.
Principal confounders and any adverse effects also have to be noted when reporting studies.

All reviewed studies lacked external validity — most participants were self-selected lucid dreamers or university students
which makes it impossible to generalise the findings. Although it might be difficult to conduct a study with a representative
sample, some attempt could be made to improve external validity (e.g. do the same study with different samples).

Internal validity was also an issue for many studies. Most studies were not blinded both for participants and those mea-
suring the outcomes. In field studies, compliance with the study procedure was not always reliable - only few studies had
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some additional means (e.g. detailed questionnaires to be filled) to monitor if the participants have followed the exact pro-
cedure. Validity and reliability of outcome measures was another problem for some studies (see discussion about a criterion
for successful induction below). Some studies relied only on participants’ subjective judgement whether they had a lucid
dream or not, which sometimes might be fallacious (see Snyder & Gackenbach, 1988) and some extra measures (e.g. external
raters of dream reports) might be useful.

Finally, the vast majority of the reviewed studies lacked sufficient power to detect significant effects. Researchers are ad-
vised to consider possible effect sizes beforehand and calculate their sample sizes accordingly.

One of the major issues concerning lucid dream induction research in general is what to define a valid criterion for suc-
cessful induction. The strict criterion for sleep laboratory studies would be unambiguous predefined eye signals on the EOG
during REM or NREM sleep (see below) and a dream report received immediately after awakening following signalling,
which confirms lucidity and volitional eye signals. The situation is less clear when (1) only eye signals are present on the
EOG without a fully confirmatory dream report, or (2) only dream report is present that indicates lucidity, but no predefined
eye signals are visible on the EOG or they are ambiguous. The latter situation is encountered in field experiments also, where
no polysomnographic sleep recording is being carried out. Some field studies (e.g., LaBerge & Levitan, 1995; Purcell et al.,
1986; Zadra et al., 1992) employed external blinded judges to score dream reports for lucidity, but even with this approach
the validation of lucid dreams is complicated: It would still rely on the dreamer’s recollection of the dream, which might be
impaired by sleep inertia - a transitional state between sleep and wakefulness in which cognitive performance is decreased
(Tassi & Muzet, 2000), especially if the dream was not recorded immediately after awakening. This also brings a further issue
of introspection - subjective dream reports are very difficult to verify and while the presence of predefined eye-movement
on the EOG can be considered as an objective verification, their absence leaves the question of verification open (cf. Nisbett &
Wilson, 1977). Although the presence of predefined eye signals in the EOG but absence of a confirmatory dream report,
might also be a result of sleep inertia, it is also possible that regular eye movements during REM sleep just accidently cor-
responded with the predefined signal. To minimize such a risk, longer sequences of predefined eye movements (e.g. LRLRLR)
should be used instead of shorter ones (e.g. LRLR). Furthermore, to consider a dream as lucid unambiguously, the person
should also be convinced that he or she is dreaming, because in some cases (e.g. Dane, 1984) researchers encouraged their
participants to make a signal even if they were not sure whether they are dreaming or not. More sophisticated communi-
cation with the dreamer might also be devised, so that participants can give one signal when they think they are dreaming
(e.g. LRLRLR) and another signal (e.g. LRLRLRLR) when they consider themselves awake.

Further, although lucidity sometimes is considered a sort of “all-or-nothing” phenomenon, i.e. either the dreamer knows
that he or she is dreaming and is lucid or does not realise this and therefore is not lucid, it seems that there are different de-
grees of lucidity within dreams and in some dreams a person might be more lucid than in others, which suggests a contin-
uum of dream lucidity (Barrett, 1992; Moss, 1986). Different degrees of lucidity usually are not taken into account in the
induction studies. Purcell and co-workers developed a dream self-reflectiveness scale (Purcell, 1988; Purcell et al., 1986);
however, it involves only two categories for dream lucidity and control. On the other hand, some researchers are using even
more specific requirements for dreams to be considered as lucid dreams. While the conventional (minimal) criterion for a
lucid dream is awareness of dreaming during the dream, Schlag-Gies (1992), for example, considers a dream as lucid only
if some consequences arise from the awareness of being in the dream (e.g. intention to change the setting). Therefore, de-
tailed lucidity scales must be devised in order to discriminate those different degrees of lucidity and their associations with
different induction techniques. This would allow comparing induction methods both on qualitative and qualitative basis.

Furthermore, possible differences between sleep laboratory studies and field experiments for lucid dream induction must
also be considered. Dreams obtained in sleep laboratory studies usually show a high rate of laboratory references (Schredl,
2008), which might be an additional trigger for dream lucidity. The participants who are coming to a sleep laboratory spe-
cifically for the experiment (sometimes they are even paid for that) and know that they will be observed by the experiment-
ers through the whole night might be more motivated than of those participants who are carrying experimental procedures
in their home setting. On the other hand, the pressure to produce a lucid dream might be very high and can even interfere
with sleeping well enough to produce REM sleep and lucid dreams.

The time at which lucid dream induction techniques are applied might also be a crucial factor for the success of the tech-
nique. For example, as it was already noted, MILD technique if applied in the early morning hours (e.g. with WBTB method)
seems to produce more lucid dreams. Therefore researchers should also put a time factor into consideration, i.e., explore
when a particular technique should be applied for the best results.

The sleep stage in which a lucid dream occurs should also be taken into consideration. Although lucid dreams by a large
extent happen in REM sleep and are mainly considered REM phenomena (LaBerge, 1990), they can also occur in NREM sleep.
For example, Dane’s (1984) study had an unusually high number of signal verified NREM lucid dreams, recorded both in
NREM1 and NREM2 stages of sleep. While to our knowledge, none of lucid dreams has been recorded in NREM3 stage of
sleep, self-awareness in deep sleep might also be possible (cf. Mason et al., 1997). Hobson (2009) proposes that lucid dream-
ing represent a dissociative state with elements of both waking and dreaming, while the alternative hypothesis is that REM
sleep (and perhaps to some extent NREM sleep as well) is capable of supporting reflective consciousness (LaBerge, 2010).
Further research should explore differences between REM and NREM lucid dreams in greater details. It might be that differ-
ent techniques have a different success rate in eliciting REM and NREM lucid dreams.

It is also very likely that some techniques will work better for some people than others. For example, Levitan (1989) found
that autosuggestion was most successful for frequent lucid dreamers while it had a very little success for infrequent or non-


https://www.researchgate.net/publication/14075513_Electrophysiological_Correlates_of_Higher_States_of_Consciousness_During_Sleep_in_Long-term_Practitioners_of_the_Transcendental_Meditation_Program?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/232597328_Efficacy_of_lucid_dream_induction_for_lucid_and_non-lucid_dreamers?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/19398225_Dream_self-reflectiveness_as_a_learned_cognitive_skill?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/19398225_Dream_self-reflectiveness_as_a_learned_cognitive_skill?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/19398225_Dream_self-reflectiveness_as_a_learned_cognitive_skill?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/239840140_Validity_Established_of_DreamLight_Cues_for_Eliciting_Lucid_Dreaming?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/265455518_Lucid_Dreaming_Psychophysiological_Studies_of_Consciousness_during_REM_Sleep_Lucid_Dreaming_Physiologically_Verified?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/229060046_Telling_More_Than_We_Can_Know_Verbal_Reports_on_Mental_Processes?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/229060046_Telling_More_Than_We_Can_Know_Verbal_Reports_on_Mental_Processes?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/47541041_The_Neurobiology_of_Consciousness_Lucid_Dreaming_Wakes_Up?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/232517184_Just_how_lucid_are_lucid_dreams?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/45360076_Signal-verfied_lucid_dreaming_proves_that_REM_sleep_can_support_reflective_consciousness?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/47541028_Laboratory_references_in_dreams_Methodological_problem_andor_evidence_for_the_continuity_hypothesis_of_dreaming?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/47541028_Laboratory_references_in_dreams_Methodological_problem_andor_evidence_for_the_continuity_hypothesis_of_dreaming?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==
https://www.researchgate.net/publication/286795748_Individual_Differences_Associated_with_Lucid_Dreaming?el=1_x_8&enrichId=rgreq-c7ba88f9ef42705e82cd8c59d9e8a450-XXX&enrichSource=Y292ZXJQYWdlOzIzMDU4MTM2OTtBUzoyNzIwODk4NzM2NDU1NjhAMTQ0MTg4MjY4OTk3MQ==

T. Stumbrys et al. / Consciousness and Cognition 21 (2012) 1456-1475 1473

lucid dreamers. It might be that individual differences also play a role in success for a particular technique. For example, it is
possible that for highly hypnotically susceptible people post-hypnotic suggestion will work well, while those with good pro-
spective memory skills might benefit from MILD or those with good attention might be most successful with recognising an
external cue. Therefore individual differences and the level of experience should also be considered when testing different
techniques.

Finally, the overall trend regarding the number of studies carried out in lucid dream research is alarming. Out of 37 manu-
scripts included in this review, two were published in 1970s, 16 in 1980s, 15 in 1990s and only four in 2000s. After a “golden
age” of lucid dream research in 1980s and 90s, the scientific interest in lucid dreams seems to be declining dramatically.
However, with the help of new brain imaging technologies that are becoming available for lucid dream research (Dresler
et al.,, 2011), lucid dreaming might become an invaluable tool for understanding the dreaming brain and wider questions
of consciousness. But both to progress lucid dream research and make lucid dreaming available to wider populations, reliable
induction techniques must be established. No single technique showed to be effective enough to facilitate lucid dreams with
a high success rate and perhaps a more eclectic approach might be useful in lucid dream induction: To combine different
techniques and advantages offered by them. Sleep laboratory research perhaps can benefit from a combination of cognitive
techniques and external stimulation delivered during REM sleep. Inclusion of WBTB and/or ingestion of specific substances
might increase odds for lucidity further, but a special word of caution should be made regarding the use of chemical sub-
stances: Their effectiveness must be explored in clinical trials and adverse effects should be carefully monitored, especially
those occurring after chronic use of such substances. Combination of cognitive techniques and WBTB might be the most
appropriate solution for “home lucid dreaming” and the dreamers can also benefit from specially developed devices that
can identify REM sleep and deliver external cues. Increasing public interest in lucid dreaming and active online dreamers’
communities where people are sharing their experiences and tips for successful lucid dreaming might be another soil that
would yield another generation of lucid dream induction techniques.

5. Future directions

We hope that the present review will serve as a new starting point in the lucid dream science, inviting researchers to
further explore the most promising directions for induction research and to employ the most effect techniques for gen-
eral lucid dream research and practical applications. The following ideas, we believe, are worth to tackle and pursue
further.

The techniques that showed to be the most effective, such as Tholey’s combined technique or MILD, should be tested fur-
ther and the circumstances under which they are most successful should be explored (e.g. in combination with WBTB). Also
the methods that demonstrated some initial success but were not further investigated (e.g. WILD techniques, vibro/electro-
tactile, vestibular stimulations) must be more thoroughly tested. Application of the Acetylcholinesterase inhibitor class
drugs, such as donepezil, galantamine, rivastigmin, definitely warrant further investigation, as well as new prospective
yet untested methods like tDCS, TMS or GVS (Noreika et al., 2010). While the different methods and their effects on dream
lucidity have to be tested separately, it may well be that more eclectic approaches combining the advantages of different
techniques will show to be the most effective (e.g. to do a cognitive technique after awakening in early morning hours
(WBTB) while taking an Acetylcholinesterase inhibitor drug and applying an external stimulation in a subsequent REM per-
iod). We also advise researchers to take into account the methodological considerations described above both to increase the
quality of their studies and reports and shed more light on other factors (e.g. individual differences, sleep stages, timings)
that may play an important role in promoting conscious awareness in dreams.

Effective lucid dream induction, allowing to have lucid dreams on demand, will open exciting opportunities both for
dream and consciousness research and for practical applications. With new brain imaging methods further differences
can be elicited comparing lucid and non-lucid REM sleep (e.g. Dresler et al., in press), mapping brain regions involved in
self-reflective awareness and secondary consciousness in dreams (cf. Hobson & Voss, 2010). This may also help to clarify
whether lucid dreaming should be considered as a distinctive hybrid state — a mixture — of REM sleep and wakefulness
or only as a special instance of REM sleep (cf. Hobson, 2009; LaBerge, 2010). A possible induction of NREM lucid dreaming
will make those questions even more interesting. Further, availability of lucid dreaming for brain imaging, will open oppor-
tunities to explore the neural correlates of specific dream mentation as well as “dream reading” - inferring dream content
from its underlying neural activity (Dresler et al., 2011).

Finally, effective induction techniques will make practical applications of lucid dreams possible for wider audiences.
Nightmare sufferers could employ lucid dreaming techniques to decrease their nightmare frequency and intensity (Abra-
movitch, 1995; Brylowski, 1990; Spoormaker & van Den Bout, 2006; Spoormaker et al., 2003; Zadra & Pihl, 1997). Athletes
could use this to improve their performance, perfect existing motor skills and acquire new ones, explore more risky actions,
practice without fear of injury or negative judgements, manipulate phenomenal space and time (Erlacher & Schredl, 2010;
Tholey, 1981, 1990). Similarly, lucid dreaming could be used to rehearse any skill (e.g. presenting in front of an audience) to
reduce performance anxiety and increase self-confidence (LaBerge & Rheingold, 1990). Lucid dreams can also be employed
for creative problem solving — for example, by asking a dream character for a creative advice (Stumbrys & Daniels, 2010).
Opportunities for self-integration, growth, development of mental flexibility, spirituality are also present in lucid dreams
(LaBerge & Rheingold, 1990). While the benefits of lucid dreams currently are utilised only by a few (for example, Erlacher,
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Stumbrys, and Schredl (2011-2012) in a sample of 840 German athletes found that only 5% of them used the lucid dream
state to practice sport skills), efficient techniques could unlock these hidden potentials for much broader audiences.
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