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The present study explored the possibility of iJrplicit memory 

for verbal information presented during sleep. Nineteen subjects 

in the experimental corxlition each spent one adaptation and two 

experimental nights in the sleep laboratory. On one experimental 

night they were presented with two lists of cued homophones (e.g. 

tortoise-hare) over earphones during REM or stage 2 sleep and 

tested inunediately afterward. On the other experimental night they 

were presented with two lists of category-instance pairs (e.g. 

bird-cardinal). In most cases, the lists were presented five 

tbnes. For comparison, 12 control subjects carne to the laboratory 

during the day and while awake underwent the same procedures as 

the sleeping subjects. 

All subjects were eliminated from the data analysis who had 

not been presented with two cued-homophone and two category­

instance lists. The final data analysis included 10 sleeping 

subj ects and 12 waking controls. For these subjects, all items 

were eliminated for which the subject had shCMIl arousal or was in 

an inappropriate sleep stage before, during, or in the fifteen 

seconds inunediately after stimulus presentation. 

A repeated measures ANOVA followed by a posteriori 

comparisons indicated that, contrary to what had been predicted, 

subjects in the experimental condition showed no sleep learning 
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effects on either the homophone or the category-instance tests, 

although control subjects did. Consistent with earlier studies, 

recall for words presented during sleep was fOl.lI'd in a few cases, 

but only when presentation was soon follCMed by arousal. 

'!hese findings strongly suggest that semantic priming does not 

occur for verbal material presented during REM or stage 2 sleep. 

'!he possibility of structural priming during sleep is also 

discussed. Past sleep learning studies are critically reviewed, 

and recorrrrnendations are made regarding the topics and methodology 

of future sleep learning experiments. In particular, a 

recorrrrnendation is made for additional research on quasi sleep 

learning, that is, learning for infonnation presented innnediately 

prior to arousal. 
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0iAPI'ER 1 

INTROOOCrION 

'!he possibility that individuals might be able to lean1 

infonnation presented to them while asleep has been a source of 

enduring interest among psychological researchers. D..lring the last 

20 years most scientific interest in the field have been motivated 

by two considerations. First has been the possibility that sleep 

learning might prove a practical educational or psychotherapeutic 

tool, providing an inexpensive and easy way to lean1 new material 

such as foreign languages or to alter troublesome attitudes or 

behaviors. Second, and perhaps more important, has been the 

expectation that sleep learning might shed light on important 

theoretical issues in the field of cognitive psychology, such as 

subliminal perception, consciousness and the nature of unconscious 

mental processes. 

Past studies, whether motivated by practical considerations or 

the concerns of cognitive psychology, provide a background for the 

present study. 
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Sleep Learning as a Prdctical Tool For Enhancing I.ea.rninq 

or Altering Attitudes or Behaviors 

In the united states, the investigation of sleep 1eami.nJ as a 

practical educational or psychotherapeutic tool has fallen roughly 

into three periods: (1) 1916 to the mid 1950's (the period of 

naivete) i (2) the mid 1950's to arourrl 1970 (the period of 

disbelief); (3) around 1970 to the present (the period of renewed 

interest) • 

'!he "period of naivete" began with a study by '!hurstone (cited 

in Simon & Ermnons, 1955) during World War I to see if Navy men 

would learn Morse Code more quickly if supp1ementaIy material was 

presented to them while asleep. I.eShan (1942) published a study 

apparently showing the successful use of sleep 1eami.nJ to 

decrease the occurrence of nail-biting among boys in a smmner 

camp. Fox and Robbins (1952) reported that college students' 

knowledge of English-c:!hinese word pairs improved following 

presentation during sleep. 

However, in 1955 these and other studies of sleep 1eami.nJ 

were criticized in an influential Psychological Bulletin article 

by Simon and Ermnons (1955). Although pointing out mnnerous 

methodological shortcomings in the studies (for instance, only 

five had subjected their results to statistical analysis), the 

article's most serious cri ticisrn was that none of the studies had 
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ensured that their subjects were really asleep when they were 

exposed to the material they were supposed to learn. For example, 

in his summer caITIp study I.eShan (1942) had sinply waited tmtil all 

the boys in a cabin appeared to be asleep, am then played the 

phrase ''My fingernails taste terribly bitter" 300 times Oller a 

loud-speaker. Silnon am Enunons pointed out that same of the boys 

may have only appeared to be asleep, or have been wakened by the 

loudspeaker message. 'lhus, any so-called "sleep learning" might 

have occurred during wakefulness. 

Silnon am Enunons (1955) argued that learning during sleep was 

highly inprobable, and that the learning observed in earlier 

experiments had probably occurred while subjects were awake. 

Furthennore, in a later article (Silnon & Enunons, 1956) they 

prOllided empirical support for this view using subjects hooked up 

to EEX:; equipment. Recall or recc:XJI1ition for question-answer items 

presented during sleep was found to occur only when alpha patterns 

(prest.mably indicating arousal) had occurred in the EEX:; record at 

least 30 seconds before or after stimulus presentation. 

Silnon am Enunons' articles (1955; 1956) seemed to demonstrate 

that so-called sleep learning actually takes place during the 

waking state. 'lhus a "period of disbelief" was ushered in, am for 

a decade afteJ:wards no empirical studies of sleep learning appear 

to have been published in the U. S. 
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In the late 1960's arrl early 1970's, however, studies on the 

subject began to reappear in the literature (Bruce et ale, 1970; 

Evans and Orchard, 1969; Evans et al., 1970; Jus arrl Jus, 1972; 

Kcukkou & Lehmann, 1968, 1973; Tani arrl Yoshii, 1970), eventually 

inspiring a thorough review by Aarons (1976). 

In part, this "period of renewed interest" occurred because 

WesteIn researchers had been stimulated by reports from Russia arrl 

EasteIn European countries, where scientists had repeatedly found 

evidence of sleep learning, particularly learning for languages 

(Dcx:lge & Lamont, 1969; Hoskovec, 1966). '!he Russian researchers 

reported that sleep learning was most likely to be found when 

subjects were hypnotically susceptible arrl highly motivated to 

learn. Because these studies had used behavioral observation and 

self-reports rather than Em records to measure presence or 

absence of sleep (Hoskovec, 1966), they were open to the same 

criticisms that simon and EImnons (1955) had leveled against 

WesteIn studies during the "period of naivete". Nevertheless, 

Western researchers found the Russian studies intriguing enough to 

merit more rigorous examination (Cooper & Hoskovec, 1972; Evans, 

1972, 1979; Johnson, 1972). 

On the whole, attempts to duplicate the Russian results 

(Cooper & Hoskovec, 1972; Johnson, 1972) have suggested that sleep 

learning is "possible but not practical" (Cooper & Hoskovec, 1972, 

p.108). Although researchers have observed significant gains in 
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recall, recognition and releanri.ng of English-Russian word pairs 

follaving presentation during sleep (Cooper arxi Hoskmrec, 1972; 

Johnson, 1972; I£Ny et al., 1972), the gains have not been large 

enough to make practical applications of the techniques 

attractive. Nevertheless, interest in sleep leanri.ng has not 

disappeared among research psychologists. Same researchers reason 

that although sleep learning is not practical nCM, it may still 

become so as it becomes better understood (Aarons, 1976; Johnson, 

1972). others (Eich, 1987) believe that, whatever the practical 

utility of sleep learning, it is a subject of substantial 

theoretical interest. '!he follaving sections will discuss the 

issue of sleep learning within the larger context of infonnation 

processing, cognitive psychology, and neuroscience. First, the 

empirical evidence for sleep learning will be reviewed. 

Empirical Evidence Regarding Infonnation Processing D.1ring Sleep 

Although called "improbable" by Simon and Emmons (1956), sleep 

learning has begun to look more and more probable with the passage 

of every year since their article was published. A substantial 

number of empirical studies since the mid-1950's support the view 

that external and internal stilnuli are analyzed and stored during 

sleep, though pert1aps not as thoroughly as during waking 

(Goodenough, 1978). Furthennore, recent developments in cognitive 
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:psychology suggest that such analysis and storage do not 

invariably require conscious awareness, and can therefore occur 

when consciousness is absent or altered, as in sleep. 

Empirical evidence that the analysis and storage of 

information continues during sleep falls into eleven categories: 

1. Distinguishing auditory information during sleep. Several 

studies have shown that subjects can distinguish among auditory 

stimuli during sleep (McDonald, Schicht, Frazier, Shallenberger, & 

Edwards, 1975; Minard, Loiselle, Ingledue, & Dautlich, 1968; 

Oswald, Taylor, & Treisman, 1960). 

Oswald et ale (1960) studied the responses of human subjects 

to names played on a tape during stage C sleep, which is 

approximately equivalent to what is now called stage 2 sleep. 

Four findings were of particular interest. (1) SUbjects showed 

significantly more K complexes following presentation of their own 

name than the names of other people. (2) Before falling asleep, 

subjects were given a predesignated "other" name and asked to 

respond to it later. Dlring sleep they showed significantly more 

K complexes following presentation of their own name than of the 

"other" name. (3) SUbjects showed somewhat more K complexes 

following presentation of the predesignated "other" name than of 

names which had not been so designated, but the difference was not 

statistically significant. (4) SUbjects showed significantly more 
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K complexes following presentation of I'IalOOS than following 

presentation of the same I'IalOOS played backwards. '!his effect did 

not seem attributable to differences in loudness or emphasis 

between names played forwards am backwards. 

on the basis of these four firxiin;;Js, Oswald et al. (1960) 

concluded that in stage C sleep, subjects can make complex 

discriminations between auditory stinruli, am that these 

discriminations probably take place in the auditory cerebral 

cortex . rather than the brain stem. 

Mcl):)na1d et al. (1975) replicated some of the findings of 

Oswald et al. (1960), reporting that in stage 2 sleep subjects 

showed significantly more K camplexes and heart rate responses 

following presentation of their own than of others' names. In 

addition, they reported that in REM sleep subjects showed 

significantly more heart rate responses following presentation of 

their own than of others' names. No significant differences were 

found in sleep stages 3 and 4. Mcl):)na1d et al. (1975) concluded 

that infonnation present in long-tenn memory remains available for 

processing during sleep, but to a different extent during 

different sleep stages. 

langford, Meddis, and Pearson (1974) presented subjects with 

tapes of their own names played either forward or backwards at 

seven minute intervals. For both stage 2 am REM sleep, subjects 

showed a significantly shorter latency to awakening when the name 
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was played forwards, whether awakening was measured 

electrophysiologicallyas the appearance of alpha in the Em, or 

behaviorally as the pressing of a microswitch by subjects. 

In a published abstract, Minard and his associates (196B) 

reported that personally significant worns ( e.g., "dumb," "sin") 

elicited more electro-oculogram deflections and heart-rate 

responses among 10 sleeping subjects than did control worns (e.g., 

"dnIm," "sit"). No information regarding sleep stage was 

reported. 

Zung and Wilson (1961) reported findings that at first appear 

at variance with those just described. SUbjects were presented 

with familiar sounds (cars stopping and starting, telephone 

ringing) and unfamiliar ones (lion roaring, bagpipes). Data was 

analyzed separately for sleep stages B, C, D & E, which are 

approximately equivalent to stages 1, 2, 3 and 4. For all sleep 

sta.ge.s s-o.Jbjects were equally likely to awaken or show sleep stage 

changes whether the sounds were familiar or unfamiliar. 

Considered carefully, however, these findings are seen to be 

consistent with those of Oswald et ale (1960) and McDonald et ale 

(1975). 'Ihose researchers concluded that cortical analysis of 

verbal information occurs prior to arousal. It follows that 

analysis of information at the cortical level may allow an 

organism to distinguish between corrplex stimuli which require an 

arousal response and those which do not. SUch an argument is 
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advanced by Oswald et ale (1960) am would help to explain why the 

subjects of Zung am Wilson (1961) showed equal arousal rates 

following familiar and unfamiliar stimuli. 

'!he studies just cited, particularly those by Oswald et ale 

(1960), McD:mald et ale (1975), am langford et ale (1974), 

provide evidence that verbal stimuli can be distinguished by 

subjects in stage 2 and REM sleep. It is reasonable to conclude 

that the analysis of verbal stimuli during sleep entails 

comparison with representations in long-term memory and must 

therefore involve the auditory cerebral cortex. 

2. Following instructions given while awake. A number of studies 

have demonstrated that if waking subj ects are instructed to 

respond to a stimulus, they are capable of following the 

instructions later during sleep. 

Zung and Wilson (1961) told subjects that they would be 

rewarded monetarily if they awakened following presentation of 

particular sounds during sleep. SUbjects were significantly more 

likely to awaken following presentation of these "rewarded" sounds 

than of "unrewarded" ones in stages B, C and D. Findings in stage 

E were in the same direction, but not statistically significant. 

REM sleep was not examined. 

Oswald et ale (1960) instructed subjects to clench their fist 

when they heard either their own name or a predesignated "other" 
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name during sleep. Results were collapsed for sleep stages C, D 

am E. SUbjects were significantly more likely to shCM hand 

IllOV'ernents after hearing their own or the "other" designated name, 

than they were follCMing presentation of urrlesignated names. 

S.inri.lar fin:tings were reported by Langford et al. (1974) in 

the study discussed above. In both stage 2 am REM sleep, 

subjects shCMed a significantly shorter response latency when 

their name was played forward than when it was played backward. 

'!he authors concluded that in both stages of sleep, 

responsiveness varied according to the meaningfulness of the 

stimulus. 

'!he findings by Oswald et al. (1960) am langford et al. 

(1974) nrust be interpreted carefully, since they may well have 

reflected differences in "arousal value" rather than 

"responsiveness while asleep." '!hat is, the findings fit with the 

view that meaningful stimuli are more likely than meaningless ones 

to arouse the sleeper, thus increasing the probability of a 

response and decreasing the time until it occurs. 

Oktnna, Nakamura, Hayashi, and Fujimori (1966) flashed lights 

3-6 times at 1 flash per second into the eyes of sleeping subjects 

who had been instructed to push a button for every flash they saw. 

If subjects failed to push the button the correct number of times, 

they were inanediately awakened and asked hCM many flashes they had 

seen. SUbjects pushed the button the correct number of times 
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follCMing 48% of REM presentations and 29% of stage 2 

presentations. In an additional 19% of REM and 9% of stage 2 

presentations, subjects pushed the button an incorrect rn.nnber of 

times but were still able to name the correct number of flashes 

when questioned aftel:wa.rds. 

As part of the same study, Okl.nna et al. (1966) played a tone 

to sleeping subjects who had been instructed to push a button in 

response to it. Reaction tbne was about the same for REM and 

stage 2 presentations. 

HCMever, the results of Okurna et al. (1966) are difficult to 

interpret for several reasons. First, EM; was not used in 

scoring REM sleep, so the possibility exists that subjects were 

actually awake during some of the REM presentations. Second, the 

effect of subj ects guessing was not taken into account in the 

analyses. 'Ihird, it is entirely possible that the first flash of 

light awoke some subjects, so that they were not asleep durir.g the 

presentation of the remaining 2-5 flashes. Fourth, although Okurna 

et al. (1966) refer to subjects' responses occurring "during 

sleep," there is no evidence to support this assertion. Instead, 

some of the data reported in the article suggest that although 

presentations may have occurred during sleep, they woke subjects 

up, so that responses were made while awake. 

Williams, Morlock, and Morlock (1966) perfonned two 

experbnents requiring responses from sleeping subj ects. In the 
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first, subjects were asked to push a microswitch when a tone was 

played. SUbjects showed the highest rate of resporxling during 

stage 2 ani REM sleep, ani a lower rate of resporx:ling during 

stages 3 ani 4. SUbjects showed a higher rate of resporxling when 

non-responses were followed by an aversive stimulus. 

In their second experiment, Williams et ale (1966) played 

tones at two different pitches to subjects. '!hey were told that 

tones at only one of the pitches were "critical". SUbjects showed 

a higher rate of responding to critical tones than those non­

critical ones, again with the highest rates of responding 

occurring during stage 2 and REM sleep. 

Williams et al. (1966) conceded that they nay have used too 

narrcM a definition of "waking", scoring a response as having 

occurred during waking only if alpha appeared in the Effi record 

between the presentation of the tone and the response. However, 

the possibility exists that waking can occur without the presence 

of alpha, or shortly before alpha appears in the Effi record. 

Thus, there is no certainty that the subjects of Williams et ale 

(1966) were asleep when they responded. 

In a series of studies, Badia, Harsh, and their associates 

(Badia, Harsh, Balkin, cantrell, IG.ernpert, O'Rourke, & Schoen, 

1984; Badia, Harsh, Balkin, O'Rourke, & Burton, 1985; Badia, 

Harsh, & Balkin, 1986; Harsh, Badia, Magee, & Burton, 1985) 

instructed subjects to respond to a tone presented during sleep by 
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taking a deep breath. When the tone was presented later, subjects 

gave the appropriate response at above-chanoe levels for all sleep 

stages. 

However, the interpretation of the results obtained by Badia, 

Harsh am their associates is carrplicated by two features of their 

experimental methodology. First, if a tone did not elicit a 

response, its voltnne was increased by increments tmtil a response 

was. given. '!he possibility exists, therefore, that taking a 

breath ·represented a fonn of escape behavior which was negatively 

reinforced by removal of the noxious tone. Second, responses were 

frequently accompanied by some sign of arousal. For example, Badia 

et al. (1985) report that 71 to 96 percent of responses were 

accompanied by some indication of arousal, depending on sleep 

stage. The possibility is very great, therefore, that subjects 

were awakened by tones and, knowing what was expected of them, 

took a deep breath while awake. 

Existing studies do not provide convincing evidence that 

instructions given while awake can be followed "on cue" during 

sleep. However, they do support the view that meaningful stimuli 

are more likely than meaningless ones to awaken the sleeper, 

leading in turn to an appropriate waking response. 'Ibis view is 

consistent with the popular belief that mothers will awaken to the 

sound of their infant crying even though they may sleep through 

other much louder noises. 
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3. Following instructions given while asleep. Evans am his 

associates have reported several studies in which subjects have 

apparently learned new instructions am respomed to them 

appropriately during sleep (Evans et al., 1969; 1970; Evans, 1972; 

1979). For example, Evans et ale (1960, 1970) gave subjects in REM 

sleep instructions such as, ''When I say the word 'itch' your nose 

will itch until you scratch it." rater the same night during REM, 

subjects respomed to cue words like "itch" by engaging in the 

suggested behavior. Furthennore, when the cue was presented during 

REM on subsequent nights, subj ects again respomed even though 

during intervening wake periods they had neither remembered the 

instructions nor responded to the cue. 'Ihe authors concluded that 

subjects are able to learn and later follow verlJal instructions 

given during REM sleep. 'rhe absence of memory while awake 

appeared to indicate a fonn of state-dependent learning. 

Unfortunately, the studies by Evans and his associates had a 

number of methooological weaknesses. Most significantly, no 

controls were used, so the degree to which the suggested behaviors 

might have occurred spontaneously was unknown. Perry et ale (1978) 

replicated the Evans studies, removing many of their 

methcx:iologica1 weaknesses, but did not find that subjects gave 

more behavioral responses than controls. 'rhus, the interpretation 

of these studies nrust remain tantalizingly unclear. 
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4. Recall and recognition of material presented during sleep. 

Several studies have provided evidence that verbal materials 

presented during sleep can later be recalled or recognized while 

awake. Koukkou and Lehmann (1968) presented sentences to subjects 

in stage 2 sleep, who were later awakened and asked to repeat 

them. SUbjects demonstrated both recognition and recall for the 

sentences. '!he dependent variable in this study was the duration 

of waking Em patterns (alpha activity) following sentence 

presentation. '!he main experimental finding was that activation 

periods were longer for sentences that were later recalled than 

for sentences that were only recognized, and longer for recognized 

sentences than unrecognized ones. Lehmann and Koukkou (1971) 

later replicated this finding. '!he results of Koukkou and Lehmann 

(1968) and Lehmann and Koukkou (1971) clearly irxlicate that verbal 

infonnation presented during stage 2 sleep can be recalled and 

recognized later. More discouraging is their finding that recall 

and recognition seem to depend on arousal following stimulus 

presentation. 

Oltman et ale (1977) presented digits to subjects during stage 

2 sleep at 30-second intervals, waking them within a few seconds 

of presentation to ask the name of the last digit they had heard. 

When subjects were awakened one second after stimulus 

presentation, they correctly named the last digit in 59% of cases. 
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'!his finding demonstrated that verbal infonnation presented during 

stage 2 sleep can be retained in short-tenn merrory. 

Ievy et al. (1972), presented Russian-English word pairs 

during REM arrl stage 4 sleep. '!he next rrornirg subjects shCMed 

above-chance scores on a recognition but not a recall test for the 

words. Unfortunately the results are ambiguous for two reasons. 

First, some word presentations apparently were made when subjects 

may have been awake. second, presentations which awoke subjects 

were not eliminated from the analysis. 

Cooper and Hoskovec (1972) presented Russian-English word 

pairs to subjects during REM sleep and woke them five minutes 

later. SUbjects were able to recall approxilnately 30% of the word 

pairs. Recognition was not significantly better. Like the study 

by lJavy et al. (1972) the results are somewhat ambiguous, insofar 

as presentations that awoke subjects were not eliminated from the 

analysis. 

Although other researchers have failed to find recognition or 

recall of verbal material presented during unambiguous sleep, 

(e.g. Bruce, Evans, Fenwick, & Spencer, 1970), two conclusions can 

confidently be drawn from the studies just cited, particularly 

those of Kokkou and Lehmann (1968), Lehmann and Kokkou (1971), and 

Ol'bnan et al. (1977). First, verbal infonnation presented during 

sleep can be stored in short-term memory. Second, long-term 
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recall and recognition of such material may sometime occur, 

although perhaps only if arousal quickly follows presentation. 

5. Enhancement of prior learning. 'lWo studies (Johnson, 1972; 

Tilley, 1979) have fourrl that IOOIrOry for infonnation learned while 

awake can be enhanced by presentations during sleep. 

Johnson (1972) briefly presented Russian-English word pairs to 

waking subjects and later played the same words to them repeatedly 

while they slept. He found that subjects showed small but 

statistically significant savings when relearning the pairs the 

next day. 

Tilley (1979) briefly showed subjects about to go to sleep 20 

line drawings of obj ects. nrring REM and stage 2 sleep the 

subjects were played tapes with the names of 10 of the objects. 

'Ihe next morning, subj ects who had heard the tapes during stage 2 

showed better recall for the drawings whose names had been 

presented than for the drawings whose names had not been 

presented. Subjects who had listened to the tapes during REM 

sleep showed no effect. 

Because neither of these studies elilllinated cases in which a 

subj ect was awakened by presentation of a st.inrulus, their findings 

must be viewed with some caution. Nevertheless, both are of 

particular interest because of their methodology. Instead of 

examining direct recall or recognition for infonnation presented 
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during sleep, they studied the irrlirect effect of such 

presentations on information already learned while awake. '!he use 

of irrlirect rather than direct memory tests is more COJTII'OC)nly 

associated with the study of inplicit than of e>q)licit mem:>ry 

(Richardson-Klavehn & Bjork, 1988), am may have accounted for 

these researchers' ability to find results where previous workers 

had failed. 

6. Habituation during sleep. Habituation during sleep in anllnals 

and humans has been examined by several researchers. Sharpless 

and Jasper (1956) found that even though the EEx:; of cats showed 

arousal patterns when a tone was played to them, these patterns 

diminished if the tone was played repeatedly, indicating 

habituation. If a tone of a different intensity or pitch was then 

played, the arousal pattern re-appeared, indicating 

dishabituation. '!hese findings were observed even in cats whose 

auditory cortex had been ablated, indicating that habituation and 

dishabituation to such stimuli during sleep did not require 

involvement of the cortex. Habituation to complex patterns of 

tones did not seem to occur in the ablated cats, indicating that 

habituation to complex auditory stimuli during sleep does require 

cortical involvement. However, the data supporting this 

conclusion regarding cornplex stimuli were less clear-cut. 
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Isaton and Buck (1971) and Isaton and Jordan (1978) also found 

habituation of EEX; responses to tones. Isaton and Jordan (1978) 

additionally found that habituation during waking could have 

car.ry-over effects during sleep. 

Habituation in humans during sleep has been studied by several 

researchers. Roth, Shaw, and Green (1956) failed to fim 

habituation of K-complexes, but Pampiglione and Ackner (1958) 

suggested that the failure to find habituation may have been due 

to the -use of barbiturates to induce sleep. 

Tizard (1968) found no habituation of either skin potential 

responses or K-complexes during NREM sleep in children. Johnson 

and lllbin (1967) found no habituation of K-complexes, galvanic 

skin response, skin potential response, heart rate response or 

respiratory response during sleep, and concluded that the state of 

sleep is incompatible with habituation. 

However, Firth (1973) argued that Tizard (1968) and Johnson 

and lllbin (1967) probably found no evidence of habituation because 

they had averaged results over periods of one hour instead of 

shorter time periods and had used interstimulus intel:val.s (lSI's) 

that were too long. Examining shorter periods of time, and using 

shorter lSI's, Firth (1973) found habituation of skin potential 

and EEX; responses in stages 2, 4, and REM. Habituation of heart 

rate responses was found in stages 2 and 4, but not REM. Stage 3 

sleep was not examined. Firth (1973) also varied lSI's 
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systematically and found that habituation occurred more slowly or 

not at all if lSI's were too long or were presented at irregular 

inteJ:vals. 

In a subsequent study also using short lSI's, McDonald and 

Ccu:penter (1975) found habituation of the heart rate response 

during REM and "delta sleep", delta sleep being scored if the 

subject was in stage 2, 3 or 4 sleep. While generally confinning 

the conclusion of Firth (1973) that habituation can occur during 

sleep, the results of McDonald and Ccu:penter (1975) were not 

entirely consistent with that study. For example, no habituation 

of skin potential or skin resistance response was found. 

Johnson, Townsend, and Wilson (1975) found habituation of the 

heart rate response during stage 2 sleep but not REM. No 

habituation of skin resistance response was observed. 

Unfortunately, Johnson et al. (1975) used longer lSI's presented 

at irregular intervals, citing Firth (1973) but ignoring his 

findings regarding the effect of lSI length and regularity on 

habituation. Thus, the mainly negative results of Johnson et ale 

(1975) do not conclusively refute those of Firth (1973). 

Bonnet (1982) has summarized the forgoing findings by stating 

that animal studies of habituation during sleep have more 

consistently found results than have htnnan studies. If Firth 

(1973) is to be taken seriously, however, the evidence regarding 

habituation in humans is more consistent than might at first 
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appear. Existing studies suggest that although habituation during 

sleep does occur in humans, it is less likely to be observed with 

longer or more irregular ISI' s, such as were used by Johnson arxi 

Illbin (1967), Johnson et al. (1975), and Tizard (1968). 

Bonnet (1982) also notes that researchers have generally 

failed to firrl habituation to stimuli, such as traffic or airplane 

noises, that might conunonly intnlde on the sleep of human beings 

in their natural envirornnent (Collins and Ianpetro, 1972; 'Ihissen, 

1970; but see Lukas, 1972 and Lukas, Peeler and Davis, 1975). 

7. Conditioned learning and sleep. Researchers have addressed two 

central questions regarding conditioned learning and sleep. 

First, can conditioned responses learned while awake be evoked 

during sleep? Second, can conditioning occur during sleep? 

Rowland (1957) presented a shock paired with a conditioned 

auditory stimulus (a tone or other noise) to five cats while 

awake. ruring sleep, presentations of the conditioned stimulus 

resulted in more and longer activation of EEX:; records than did 

presentations of a neutral stimulus. 'Ihe same pattern of 

responding was found whether siJnple stimuli (a single tone) or 

complex ones (a pattern of three tones) were presented. Rowland 

(1957) pointed out that the discrimination between the conditioned 

and neutral stimuli must have occurred prior to the EEX:; 

activation. 
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Rowland (1957) further experimented with the effects of 

ablating the cats' auditory cortex. Ablated cats displayed little 

or no discrimination for st.ilnul.i which had been conditioned pre­

operatively, indicating that the cortex was necessary to such 

discriminations. HCMever, they displayed discrimination of sin'ple 

stimuli, though not c:o:rrplex stimuli, conditioned post-operatively, 

indicating that sin'ple discriminations did not require the cortex 

after all, although c:o:rrplex ones did. These findings were 

consistent with those of Sharpless and Jasper (1956), who found 

habituation to sin'ple but not c:o:rrplex st.ilnul.i in cats with an 

ablated auditory cortex. 

Kukorelli, Juhasz, and Adam (1983) also perfonned a series of 

experiments examining the effect of sleep-wake stage on Pavlovian 

conditioning in cats. The unconditioned st.ilnul.us (US) was a 

painful or non-painful shock of the left radial neJ:Ve. '!he 

conditioned st.ilnul.us (CS) was a non-painful shock of the small 

intestine or the left splanchnic neJ:Ve. '!he response studied was 

EEX; record as measured from several points in the brain. 

If the CS and US were presented together during waking, EEX; 

responses to the CS alone were obsel:ved in slCM-wave sleep but not 

paradoxical sleep. Partial extinction of the response occurred if 

the CS was repeated during slCM-wave sleep without the US. 

Kukorelli et ale (1983) found that the EEX; record consisted of 

33 



different components which were at least partially in:iepen1ent in 

respect to speed of extinction. 

Kukore1li et al. (1983) also fourrl that if the CS arx1 US were 

presented together during slow-wave sleep, an EEX:; :response to the 

CS alone was obsel:ved in slow-wave sleep. However, if the CS was 

subsequently presented during paradoxical sleep or waking, no 

response was obsel:ved. Kukore1li et al. (1983) further fourrl that 

if the CS and us were presented during paradoxical sleep, no EEX:; 

response to the CS was observed in either paradoxical sleep, slow­

wave sleep or waking. Thus, although state-dependent leaming 

appeared to occur during slow-wave sleep, it did not during 

paradoxical sleep. 

Using waking human subjects, McDonald et al. (1975) paired a 

tone (CS) with a loud noise played nine seconds later. rater, 

when subjects were asleep, the CS was played to subjects, 

alternating with a tone of a different pitch. The CS elicited 

significantly more heart-rate and finger plethysmograph changes in 

subjects during stage 4 sleep than did the unconditioned tone. 

The CS did not elicit changes in these same measures during stage 

2 or REM sleep, although it did elicit significantly more K­

complexes during stage 2 sleep. 

McDonald et al. (1975) concluded that responding to 

conditioned stimuli might vary according to sleep stage. However, 

they noted that their experimental procedure involved presenting 
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the same CS to subjects during stage 4, stage 2, an1 REM sleep all 

on the same night an1 in that order. '!hus, less tilne elapsed 

between the time of conditioning an1 the time of testing for stage 

4 than for stages 2 and REM. F\lrthennore, by the tilne the CS was 

presented during stage 2 an1 particularly REM sleep, extinction 

of the conditioned response due to prior unreinforced 

presentations during sleep may have begun to occur. '!he safest 

interpretation of McDonald et al. (1975), therefore, is that 

conditioned responses learned while asleep can be evoked in stage 

4 sleep. '!he evidence from this study regarding stage 2 and REM 

sleep is insufficient to draw further conclusions. 

Bell & Barratt (1965) presented a tone paired with a shock 

during stage 2 sleep to human subjects who had been given chloral 

hydrate as a sedative. In subsequent trials, also occurring 

during stage 2 sleep, the conditioned tone presented alone was 

more likely to elicit a K-cornplex in the EEX; than was a neutral 

tone. F\lrthennore, the conditioned responses displayed an 

extinction curve. After subjects awakened, responses to the 

conditioned tone, but not the neutral tone, showed spontaneous 

recovery. '!bus, Bell and Barratt (1965) provided strong evidence 

that conditioning can occur in humans during stage 2 sleep. 

'lhere are many unanswered questions regarding conditioning and 

sleep. However, existing evidence clearly indicates that 

conditioned responses can be given during sleep when learning has 
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occurred while awake, and that corxlitioning can occur in same 

sleep stages. 

8. Audito:ry evoked potentials during sleep. Although, Williams, 

Tepas and Morlock (1962) made a general observation that the shape 

of auditory evoked potentials varies according to sleep stage, 

later studies have taken a much more detailed approach to this 

topic. 

can:Pbell and Bartoli (1986) examined the auditory brain-stem 

evoked potential (ABEP) in human subjects. 'lhis potential 

consists of a series of small waves occurring within the first 10 

msec after an abrupt stilnulus, and apparently reflects the 

transmission of auditory infonnation from peripheral receptors 

through the brain-stem relay centers. campbell and Bartoli (1986) 

found that a click-evoked ABEP was identical in the waking state 

and all sleep stages. 'lhis finding was replicated when the stimuli 

were presented at different rates and intensities. campbell and 

Bartoli (1986) concluded that there is no difference between sleep 

and waking in the way auditory infonnation is transmitted from the 

ear to the brain-stern relay centers. 

A series of studies by Buchwald, Erwin and their associates 

have provided further infonnation regarding early and middle 

latency evoked responses in sleep. Erwin and Buchwald (1986), 

like campbell and Bartoli (1986), found that evoked potentials in 
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htnnan subjects during the first 10 msec following stimulus 

presentation were the same during waking am all sleep stages. 

Chen am Buchwald (1986) foun:l that wave 7 in cats, which has 

a latency of 12-15 msecs, also remains the same across waking and 

all sleep stages. El:win and Buchwald (1986) foun:l that Pa in 

htnnans, which is believed to be analogous to wave 7 in cats 

(Buchwald et al., 1981; Kaga et al., 1980), with a latency of 30-

40 msec, also remains the same across waking and sleeping. 'Ihese 

findings are of particular interest because wave 7, and by 

analogue Pa, are believed to reflect a response to audito:ry 

stimuli in the audito:ry cortex. For example, wave 7 is not 

present in cats in whom the audito:ry cortex has been ablated 

(Buchwald et al., 1981; Kaga et al., 1980). The implication is 

that evoked potentials occur in the primary audito:ry cortex 

unchanged across waking and sleep. 

Chen and Buchwald (1986) did find that one evoked potential in 

cats, which they tenned wave A, occurring at a latency of 20-22 

rnsec, did vary according to sleep stage, decreasing in amplitude 

during slow-wave sleep and returning to waking levels during REM 

sleep. El:win and Buchwald (1986) found the same pattern in P1, 

the analogous wave in htnranS, with latency 55-80 msec. El:win and 

Buchwald (1986) argued that wave A in cats and P1 in htnnans are 

generated by the ascending reticular activating system in the 

brain-stem. Their finding appears consistent with observations 
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that arousability to external stimuli is higher in REM than slow­

wave sleep (see for exarrple the discussion above of Langford, 

Meddjs, & Pearson, 1974). 

Research regarding later corrponents of the evoked potential 

during sleep has been limited. Wesensten an] Badia (1988) 

examined the P300 corrponent during sleep. In waking, this 

component is elicited and maintained if subjects are asked to 

discriminate between relevant and irrelevant stimuli, but rapidly 

diminishes if the same stimuli are presented without asking 

subjects to perfom discriminations. '!hus, it is thought to be an 

index of discrimination and decision-making at higher cortical 

levels (Johnson, 1986). Wesensten and Badia (1988) report 

findings suggesting that the P300 component continues to occur in 

all stages of sleep, and that its appearance is different for 

relevant and irrelevant stimuli. '!heir findings also suggested 

that the P300 component appears later in sleeping than in waking 

subjects. Wesensten and Badia (1988) concluded that information 

processing still occurs at higher cortical levels during sleep, 

but at slower, diminished levels compared to waking. '!he 

evaluation of these findings remains uncertain, however, because 

research on late evoked potentials during sleep has not been 

widespread and is still beset by inportant methodological problems 

(Badia, Wesensten, I..amrners and Harsh, 1988; Ujszaszi and Halasz, 

1986). 
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Existing research on evoked potentials during sleep seems to 

supJ?Ort the follCMing conclusions. First, the transmission of 

audito:ry infonnation from the ear to the brain-stem is the same 

during waking am all sleep stages. Second, transmission of 

audito:ry infonnation to the prilnary audito:ry cortex appears to be 

the same during waking am all sleep stages, although the effects 

of varying stimulus rate and intensity have not been explored. 

Thiro, the response of the ascending reticular activating system 

to audito:ry stimuli seems to be highest during waking and REM, but 

diminished during slCM-wave sleep. Fourth, limited evidence 

exists that higher cortical analysis of infonnation continues 

during sleep, but is slCMer and less certain. 

9. Brain activation during REM sleep. Em records indicate that 

during REM sleep the brain is in a near-waking level of activation 

(Aserinsky & Kleitrnan, 1953; Dement & Kleitrnan, 1957; Koukkou & 

Lehmann, 1983). At least for REM, therefore, there is good 

evidence that the brain is sufficiently aroused so that the 

processing and storage of infonnation should be possible. 

10. Memory for dreams. It is not uncorranon for subjects in dream 

laboratories to report lengthy dreams when awakened from REM sleep 

(Foulkes, 1985; Goodenough, 1978;). If dream content were not 

stored in long-tenn memory, then the earlier parts of lengthy 
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dreams would be unretrievable at awakening, am all dream reports 

would be quite short, consisting only of that content which was 

still present in short-term store at the time of arousal. '!he fact 

that REM dream reports are frequently long enough to fill several 

written pages suggests that dreams are stored online in long-tern 

memory. Furthent1Ore, the later parts of dreams sometimes return to 

themes or events that occurred in earlier parts, apparently "tying 

up loose ends" of the narrative. As pointed out by Foulkes (1985), 

this fact is hard to explain unless some fom of lOI'lg-terrn storage 

occurs during dreaming. 

11. lucid dreaming. I.aboratory studies have provided strong 

evidence for the existence of lucid dreams, that is, dreams in 

which the dreamer is aware that he is dreaming (LaBerge, 1980, 

1985; LaBerge & Dement, 1982). nrring lucid dreaming, subjects 

show a capacity for cognitive activities that have sometimes been 

asstnned impossible during sleep, such as reasoning, voluntary 

recall, and reality testing. If such higher order mental processes 

are possible during REM and, though less frequently, during NREM 

(laBerge, 1980), there is difficulty arguing that the brain is 

insufficiently aroused during sleep to analyze and store 

infonnation. Interestingly, anecdotal evidence indicates that 

lucid dreams are much more vividly and fully recalled than are 
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nonnal dreams, suggesting that encoding processes during lucid 

dreaming are similar to those during waking. 

Existing '!heories Concerning Sleep and Memory 

'!he empirical evidence cited in the previous section in:licates 

that elaborate infonnation processing continues during sleep. It 

is sw:prising, therefore, that no study has as yet generated 

compelling evidence that verbal infonnation presented during sleep 

is stored in long-tenn memory in the absence of arousal. can it 

be that so many cognitive and brain functions remain intact during 

sleep without some fonn of long-tenn storage occurring? 

Several theories have reviewed the puzzling web of evidence 

and attempted to answer this question. Nearly all have fallen 

into one of two categories: "non-storage" theories, which propose 

that infonnation presented during sleep is simply never stored in 

long-tenn memory, and "specialized storage" theories, which 

propose that the infonnation is stored, but in a special fonn 

which makes retrieval while awake difficult or impossible. 

A simple non-storage theory was that advanced by Simon and 

Errrrnons (1955, 1956), who argued that learning during sleep is 

unlikely because the brain is insufficiently aroused. Havever, 

Simon and Errrrnons made no attempt to elaborate their theory by 

discussing precisely why lack of arousal should impair learning. 
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Is it because sensol:Y infonnation is no lOn:Jer processed am 

analyzed, or because storage processes are disrupted, or both? 

In a silnilar but nore elaborate non-storage theol:Y, Jus am 

Jus (1972) have argued that learning is impaired during sleep 

because of the inability to consolidate mem::>ries. According to 

this theol:Y, infonnation must be consolidated if it is to enter 

long tenn memol:Y, am consolidation requires the reverberatol:Y 

activity of neurons, which is reflected in activation of the Em. 

In sleep, this reverberatory activity is less intense. 'Iherefore 

infonnation presented during sleep is unlikely to be consolidated 

unless it is quickly follCMed by an increase in reverberatol:Y 

activity as evidenced, say, by alpha activity, K complexes or 

sleep spindles. 

Although plausible, "non-storage" theories seem better suited 

for explaining memory processes during NREM than REM sleep. Em 

patterns during REM indicate a level of brain activation 

resembling that of waking, weakening the a:rgmnent that defects in 

recall for mentation from this sleep stage, particularly dreams, 

are the result of an unaroused brain. "Specialized storage" 

theories have been proposed to explain the otherwise puzzling fact 

that dream recall is usually so poor. Perhaps the best known 

specialized storage theory is that of Koulack am Goodenough 

(1976; Goodenough, 1978), who have proposed that in the absence of 
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full waking arousal, dreams are stored in long-tenn II'IE!lTOry, but in 

a fonn that makes waking retrieval difficult. 

Adopting a similar position, and drawing on the literature 

concenti.ng state-dependent memory, Koukkou and Lehman (1983) have 

argued that infonnation is stored in memory hierarchically 

according to brain state at the time of storage. When the brain is 

in a particular functional state, memories can be retrieved from 

higher but not lower states. For example, during REM sleep 

memories stored while awake can be retrieved and influence dream 

content, but the reverse is not possible, and so waking retrieval 

of dreams is impaired. Koukkou and Lehmann explain the fact that 

some dreams are remembered by arguing that arousal has followed 

the dream closely, so that storage has actually occurred during a 

higher brain state. 

Besides the "non-storage" and "specialized storage" theories 

just discussed, some mention should be made of ideas proposed by 

Foulkes, which can hardly be called theories but are nevertheless 

suggestive. First, Foulkes (1982) has suggested that memory for 

dreams may be impaired because the same modules that store 

infonnation while awake are engaged in producing dreams during 

REM, and so cannot perfonn their storage functions properly. 

Elsewhere, Foulkes (1985) has also suggested that poor memory 

for dreams may silllply be an example of htnnans' generally poor 

memory for the products of their own spontaneous thought 

43 



processes. Foulkes suggests that if an awake person were treated 

as if he were in a laboratory dream study, being suddenly shaken 

and asked what had been going through his m.iIxi during the last ten 

minutes, he would probably be able to give only a sketchy and 

ilrpoverished answer to his interrogator. 

Sleep Learning as Related to 

the Cognitive unconscious and Implicit Memory 

SUpplementing the theories just reviewed, a somewhat 

different perspective on the issue of sleep and memory is provided 

by current developments in the area of cognitive psychology (Eich, 

1987) . In particular, evidence increasingly supports the concepts 

of the "cognitive unconscious" (Kihlstrom, 1987) and "implicit 

memory" (Graf & Schacter, 1985; Richardson-Klavehn & Bjork, 1988; 

Schacter, 1987), each of which requires a brief discussion here. 

Evidence for the "cognitive unconscious" suggests that "a 

great deal of infonnation processing takes place outside of waking 

memory" (Kihl strorn , 1987, p. 1448). For example, Kunst-Wilson and 

zajonc (1980) have shown that repeated presentations of an 

unfamiliar stimulus tend to increase its attractiveness, even when 

subjects are unable to identify the stimulus on a test of 

recognition memory. Marcel (1983) has shown that when subjects 
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are briefly exposed to a subsequently masked word, they may be 

unable to say whether a word was presented at all but still show 

sensitivity to its semantic rreanin;J. Arxl Eich (1984) has reported 

that the presentation of homophones through the l.Dlatterrled channel 

in a dichotic listening task influences subjects' spelling of the 

homophones aftel:wards, even though tests of recognition ani recall 

do not indicate any mernoIY for the words. SUch findings strongly 

suggest that infonnation processed outside of conscious awareness 

can be stored and exert an influence on later perfonnance. 

SUbstantial evidence has also acct.nnUlated for the existence of 

"implicit rnemoIY" (Graf & Schacter, 1985: Richardson-KLavehn & 

Bjork, 1988; Schacter, 1987). Implicit rnernoIY is evidenced when a 

prior event has an impact on an individual's perfonnance on a task 

even though he or she has not deliberately or consciously 

recollected that event. Perhaps the most striking example of 

implicit memIY is seen in the perfonnance of anmesic subjects, 

who although they can neither recall nor recognize a list of words 

which they had studied earlier, can nevertheless supply those 

words when shown appropriate word sterns ani instructed to complete 

them with the first words that come to m.irrl (Warrington & 

Weiskrantz 1968, 1970, 1974, 1978). Implicit rnernoIY effects have 

also been found using priming and other tasks with nonnal subjects 

(Graf et al., 1982; Jacoby & Witherspoon, 1982; Schacter, 1987). 

SUch findings indicate that even when events cannot be consciously 
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remembered, they can nevertheless influence perfonnance on tasks 

involving :iJnplicit memory. 

In light of current findings concerning the cognitive 

unconscious, sleep learning appears entirely possible. If 

infonnation processing can occur outside of consciousness, then 

the presence of learning during sleep, when consciousness appears 

absent or seriously :Unpaired, does not appear :iJnplausible. 

FUrthennore, in light of findings concerning :iJnplicit memory, the 

absence of experimental evidence for long-tenn memory during sleep 

can be plausibly explained. Perhaps previous research has found 

little or no :iJnprovement on recall and recognition tests following 

presentation of words during sleep because such tests are s:iJnply 

poor measures of :iJnplici t memory for events processed outside of 

consciousness. If subjects were tested using :iJnplicit memory tasks 

rather than recognition and recall tasks, evidence for long-tenn 

memory of verbal stimuli during sleep might be obtained. 

It is interesting to note that one of the few researchers to 

report such evidence, Jolmson (1972), used relearning, an indirect 

measure of :iJnplici t memory, to assess the existence of sleep 

learning. AI though his findings are ambiguous, as discussed 

above, they provide some encouragement for further attempts to 

study sleep learning using :iJnplicit memory tasks. 
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Rationale and Purpose of the Present study 

The present study started from four ideas which have been 

explained and supported by the discussion up to this point. 

1. Elaborate information processing occurs during sleep. There 

is reason to hypothesize that long-tenn storage of verbal st.irnuli 

also occurs, even though experiJnents have so far failed to 

demonstrate its existence. 

2. studies using direct measures of recall and recognition 

have failed to demonstrate long-tenn storage during sleep. '!here 

is reason to believe that indirect measures of ilnplicit memory may 

be more appropriate. 

3. The prirnaJ:y auditory cortex continues to process external 

st.irnuli during sleep, apparently without any decrement from waking 

levels. Less is known about information processing at higher 

cortical levels. Thus, there is more reason to expect processing 

and storage of simple verbal stimuli (words) than of complex ones 

(sentences) • 

4. Evidence of information processing is stronger for stage 2 

and REM sleep than for stages 3 and 4. 

Taking these four ideas as a starting point, the present study 

was designed to examine long-tenn implicit memory for silnple 

st.irnuli presented during stage 2 and REM sleep. Implicit learning 
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was assessed using two different tasks employed by previous 

researchers. First was a horrophone spellinJ task. In studies using 

this task, subjects are first presented word-pairs such as 

"tortoise-hare" in which the secooo word is a horrophone (i. e. a 

word which sounds the same as another word with a different 

meaning am spelling) am later asked to spell the horrophone out 

loud. In previous studies of learning outside of consciousness 

(Eich, 1984) am of inplicit memory among amnesic patients (Jacoby 

& Witherspoon, 1982), priming effects have been demonstrated, with 

subjects more likely to give spellings consistent with the earlier 

presentation (H-A-R-E rather than H-A-I -R) . 

'!he secooo inplicit memory task iIwolved category-instance 

pairs. In studies using this task, subjects are first given a 

category name followed by an instance of that category, such as "a 

metal -gold". later, they are given the category name again am 

asked to name the first instances of it that come to mind. In a 

study using amnesic patients (Gardner, Boller, Moreines, & 

Butters, 1973) priming effects of this kim have been 

demonstrated, with subjects more likely to give the instance that 

was presented to them earlier. 

Although these inplicit memory tasks were the prirnru:y focus of 

the present study, tests of explicit memory were also 

administered . 
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CHAPl'ER 2 

ME'IHOD 

SUbjects 

SUbjects were thirty-one male graduate students in medicine, 

law or biology who were recruited by advertisement. SUbjects were 

paid for their participation. All had been administered the 

Preliminary SUbject Selection and General Sleep Habits 

OUestionnaire developed by Johnson (1972). On the basis of this 

questionnaire, subjects were accepted only if they reported that 

(1) they were moderately good to very good sleepers; (2) they 

generally fell asleep quickly after going to bed; (3) it took an 

average to loud sound to awaken them during the night; (4) they 

could generally fall back to sleep easily if awakened during the 

night; (5) they functioned fairly well shortly after awakening; 

and (6) they were not using any medications that might affect 

their sleep. SUbjects' waking Em's were taken. Two potential 

subjects were eliminated who failed to show dominant waking alpha 

in the Em record. SUbjects' interest in the experiment and level 

of mental health were assessed by a brief interview, and in all 

cases were found to be satisfactory. All subjects were infonned 

beforehand that the experilnent was concerned with sleep learning, 

and that they would be awakened several times during the nights 

they spent in the laboratory. The ethical guidelines established 
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by the university of Arizona Human SUbjects Committee were closely 

obsel:ved. 

Procedure for SUbjects in the Experimental Group 

'!he experimental group consisted of nineteen subjects. Each 

spent one adaptation night and two experimental nights in the 

sleep laboratory. 

On each night of his participation a subject would come to the 

laboratory approxinately 1 1/2 hours before his regular bedtime 

and be hooked up to polygraph leads following standard procedures 

for sleep studies. leads were affixed at C2 and C3 to measure 

central Effi, at 02 and 03 to measure occipital Effi, and at ROC and 

I.OC to measure EGG. Three leads were affixed to the submentalis 

muscle to measure EM:;, and one behind each ear to serve as 

references. One lead affixed to the forehead served as a ground. 

'!he polygraph, a 10 channel Beckman Accutrace, recorded 

informatior. on five channels: two EGG leads, one Effi lead from the 

central area, one Effi from the occipital area, and one EM:; lead. 

Scoring of sleep stages followed the standard rules of 

Rechtschaffen and Kales (1968). 

In order to increase motivation, on his first night a subject 

was given a brief, optimistic st.nnmary of the research concerning 

sleep learning and told that the experimenter expected him to show 
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sleep leanri.ng effects. He was told that words would be played to 

him as he slept which he should try to learn without waking up. He 

was instructed to "let the information into his mind" rather than 

''make an effort," because trying too hard might cause him to wake 

up. 

Once the leads were attached and the subject in bed, a pair of 

small earphones attached to a tape recorder in the control roam 

were put in his ears and taped in place. '!he earphones were of a 

type commercially available for listening to stereos or tape 

recorders, and were small enough to be placed comfortably into the 

entrance to the ear canal. '!he subject was told that the voltnne 

coming over the earphones should be as soft as possible, but loud 

enough that he could clearly understand what was played. Words 

were then played slowly over the earphones until he indicated the 

voltnne was at the right level. 

After the lights were turned off, a short tape with a 

hypnotic-like "inspirational" message taken from Johnson (1972) 

was played over the earphones. On the subject's first "adaptation" 

night in the laboratory the "inspirational" message was played 

twice more to the subject at intervals of approximately 90 minutes 

in order to accustom him to sleeping while words were being 

played. 

On the two experimental nights, four word-pair lists were 

played to subjects. Two lists of homophone pairs were played one 
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night, and two of category-instance pairs on the other. '!he type 

of lists presented was counterbalanced so that each type of list 

was presented to the same rn.nnber of subjects on nights 2 and 3. 

'!he procedures on nights 2 and 3 varied deperxling on whether the 

presentation of words was to occur during REM or stage 2 sleep. 

The first thirteen of the experimental subjects received 

presentations during REM. The remaining six received presentations 

during stage 2. 

The procedure on nights 2 and 3 for subjects in the REM 

condition was as follows. The experimenter waited until the 

subject had been asleep for two hours. In the first REM period. 

thereafter, he began the presentation procedure, first replaying 

the "inspirational" message, then, if the subject remained in REM 

sleep, playing a list of 12 homophone pairs, or 8 category 

instance pairs. The pairs were presented at intervals of 10 

seconds, and if possible the list was repeated five times. '!he 

experimenter monitored all presentations of word pairs and 

recorded each one by marking the EEX:; record by hand. 

If the sleep record showed any signs of arousal (movement 

artifact, alpha, or slow eye movements) or of having shifted sleep 

stage, the tape was .immediately turned off. It was not restarted 

until after the subject had resumed REM and maintained it for at 

least 30 seconds. In some cases, the subject re-entered REM 
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until after the subject had restnned REM and maintained. it for at 

least 30 seconds. In some cases, the subject re-entered REM 

quickly. In others he did not and presentations were not resumed 

until the next REM period, sixty to ninety minutes aftel:wal:d. 

After the list had been presented five times, the experimenter 

waited 2 minutes, then entered the subject's bedroom, turning on a 

low light. While the subject remained in bed, a tape was played to 

hlln, testing his recall, recognition and implicit memory for the 

material just presented to him. His answers were recorded by the 

experimenter • 

After completion of the test the subject was allowed to go to 

sleep again. When he next entered REM sleep, another list was 

played to hlln, and he was tested again, following the same 

procedures as earlier. After the second test the subject was 

allowed to sleep undisturbed until moming. 

The procedure on nights 2 and 3 was the same for subjects in 

the stage 2 condition, except for the timing of presentations. For 

three of these subj ects, presentations were made as soon as stage 

2 sleep appeared in the EEX; record at the beginning of the night. 

For the remaining three, presentations were made during the period 

of stage 2 sleep that followed their first REM period. 

The hypnotizability of all experimental subjects was also 

assessed using the stanford Hypnotic Susceptibility Scale: Forn C 

(SHSS:C) (Weitzenhoffer and Hilgard, 1962). 
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Procedure for SUbjects in the Control Group 

'Ihe control group consisted of twelve subjects who were 

recnrlted after the experimental subjects had finished their 

participation. 'Ihe procedures for control subjects differed from 

those for experimental subjects prmarily in two respects. First, 

presentation of the word-pairs occurred while subjects were awake. 

Second, all presentations occurred during a single 2-3 hour 

session during the day. 

Once subjects in the control condition were hooked up to the 

polygraph, the volume for the headphones was set follCMing the 

same procedure used with experimental subjects. Like experimental 

subjects, controls were instructed to "let the words enter their 

mind" and not 1t'ake an effort to learn them. Dlring presentations, 

controls lay in bed in a dimly lit room. Each of the lists (2 

homophone and 2 category-instance) was played to subjects five 

times, follCMed by the testing procedure described above. After a 

test was finished, presentation of the next list usually began 

within five minutes. The EEX; record was monitored continuously to 

ensure that control subj ects did not fall asleep during 

presentations. Although some subjects briefly entered stage 1, 

none entered stage 2 sleep. 
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Constnlction! Presentation! and Testing of Word Lists 

'lWo types of word-pair lists were presented to subjects -

homophone pairs and category-instance pairs. For the constnlction 

of the homophone word-pairs, 48 homophone pairs were first 

selected from the nonned lists corrpiled by Galbraith an:l Taschman 

(1969). Each pair consisted of two words that sounded the same but 

had different meanings and spellings, such as "hare-hair". 

Galbraith and Taschman (1969) had detennmed how frequently each 

of the two spellings was given by undergraduates in response to an 

oral test. In the present study, an attempt was made to select 

those pairs in which the probability of a subject giving the rarer 

spelling was .20 to .40. For the 48 pairs finally selected, the 

mean probability of the rarer spelling was .27, with a range from 

.05 to .50. 

Next, the word in each pair with the more corrrrnon spelling was 

eliminated. The other was retained and paired with a close 

associate. For example, "hare" was paired with "tortoise". 'lhese 

new pairs were divided into four lists (A, B, C, and D) of 12 

pairs each, in such a way that the mean probability of the rare 

spellings was approximately the same for each list. Each of these 

lists was then recorded on a separate cassette tape, with 10 

seconds between word pairs and five repetitions of the list. 
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For construction of the category-instance worn-pairs, 32 

category instance pairs were selected from the no:rmad lists in 

Battig and Montague (1969). In Battig and Montague (1969) 

categories are given, such as "metal", along with instances of 

the categories, such as "steel" and "gold", and the frequencies 

with which these instances were named by a nonn group in response 

to the categories. In the present study, category names were 

selected along with the thini or fourth most ccmunon instance of 

the category given by the nonn group. For example, for the 

category "a metal", the fourth most ccmunon associate, "gold" was 

selected. The purpose in this selection procedure was to choose 

instances that were common, but not so ccmunon as to be highly 

probable. The thirty-two pairs thus constructed were randomly 

divided into four lists (A, B, C and D), each of which was 

recorded on a separate cassette. 

For both homophone and category-instance pairs, List A was 

paired with List B, and List C with list D. On the night a subject 

was to be presented with the homophone lists, he would be played 

either List A or List B, and either List C or List D. '!bus, he 

would be played two lists in the same night, but never both A and 

B on the same night. The same sort of procedure was followed with 

the category-instance lists. Counterbalancing was used so that 

each member of the pair (for instance, A or B) was presented to as 
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many subjects as the other, arrl each pair was used as f:requently 

for the first presentation of the night as for the secorxl. 

When testing occurred, it was always for both lists in a pair, 

one of which had just been presented Oller the earphones and one of 

which had not. For example, follCMing presentation of Homophone 

List A, the subject would receive a test for both Honophone List A 

and Homophone List B. In this way, although all subjects were 

tested on all lists, one-half were tested on a particular list 

when it had just been presented, and the other half on the list 

when it had not. 'Ibis allCMed comparison of scores for presented 

and unpresented lists. 

Testing procedures were different for each of the types of 

word pairs. For homophones, the subject was first given a free 

recall task, being asked what he could remember of the words just 

presented to him. Second, he was given a recognition task in which 

eighteen words were read to him aloud, consisting of 6 homophones 

from the list just presented to him, 6 from the paired list that 

had not been presented (e.g. from List B if List A had just been 

presented), and 6 non-homophones. He was asked to assign a rating 

to each word, "3" if he had definitely heard the word, "2" if he 

thought he had heard it but was unsure, and "1" if he definitely 

had not heard the word. 'Ihird the subject was given a test 

designed to assess implicit learning. He was asked to spell 39 

words, 12 from the homophone list just presented to him, 12 from 
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the paired homophone list he had not been presented, am 15 dummy 

words. If inplicit sleep learning had oc.:x::urred, the subject would 

be more likely to give rare spellings for the horrophones just 

presented to him. For example, if he had been presented with the 

homophone pair "tortoise-hare" while asleep, he would be more 

likely to give the spelling "h-a-r-e" than if he had not been 

presented with it. An item was scored "+" if the subject gave the 

rare spelling for a particular homophone, "_,, if he did not. 

For category-instance pairs, the subject was first given a 

free recall task, being asked what he could remember of the words 

just presented to him. Second, he was given a forced choice 

recognition task consisting of four pairs of categories. One of 

the categories belonged to the list just presented to him, the 

other to the paired list not presented to him. For example, if the 

subject had just been played list D, he would be given two 

categories, "A metal" from List D and "A type of fuel" from list 

c, and asked to identify the one that had just been played to him. 

'Ihird the subject was given a test designed to assess implicit 

learning. He was read 16 category names, 8 from the list just 

presented to him as he slept am 8 from the paired list, and asked 

to name instances of each category as they came to his mirxl. An 

item was scored according to the order in which the subject gave 

the instance which had been paired with a particular category. For 

example, if a subject gave "gold" as the first instance of "a 
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metal", the item was scored "1". If he gave "gold" as the second 

or third instance, the item received a score of "2" or "3" 

respectively. All items not receiving a score of "1", "2" or "3" 

received a score of "4". 

Evaluation of Sleep Records and Computation of Test Scores 

"After all data was gathered from a subject, the Em record was 

examinerl to see if any word-pairs had been presented at a tine 

when he was not in the appropriate sleep stage. '!he score on a 

particular word pair was eliminated from all further analysis 

(a) if the subject had been awake or in an inappropriate sleep 

stage before or during any presentation of the word pair, or (b) 

if he had shown movement artifact, or a shift to waking, during 7 

1/2 of the 15 seconds following presentation. '!he second rule 

meant that a subject was judged to have been awakened by a word 

pair if one-half of the record during the 15-second epoch 

following presentation showed movement or waking. 

Only items not eliminated by these rules were used in 

computing test scores, or, where percentages were calculated, in 

detennining mnnerators and denominators. For the recall tests, the 

score was simply the mnnber of items which the subject was able to 

recall divided by the total number of scorable items which been 

presented to hbn. For the homophone recognition test, the score 
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was the mean of the scores (1, 2 or 3) that the subject had 

assigned to the scorable items. For the forced-choice recognition 

test of categories, it was the percentage of pairs where he had 

chosen the categOl:y presented to him while asleep rather than its 

paired category. 

For the homophone spelling task, the score was the percentage 

of scorable items for which the subject gave the rarer spelling of 

the homophone. For the category-instance task, it was the average 

score for the scorable items, so that, for example, if a subject 

had four scorable items with scores of 2, 4, 4 and 2, the score 

for the list would be 3 (12/4). 

For the two implicit memory tasks, standardization was 

employed to reduce the amount of error variance in the final data 

analysis. Standardization was achieved on a list-by-list basis, 

using scores for unpresented lists to calculate means and 

variances. For example, to standardize the scores for homophone 

list A two steps were perfonneci. 

1. SUbjects' scores on homophone list A for the unpresented 

condition were used to calculate a mean and variance. Scores for 

all subjects were included in this calculation, even if their data 

was later excluded from the experiment's statistical analysis. 

2. '!he calculated mean and variance were then used to compute t­

scores for subjects' perfonnance on list A in both the presented 

and unpresented conditions. 
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An analCXJOUS procedures was used to corrpute stan::iaJ::dized scores on 

all the homophone and category-instance lists. 

'!he category-instance scores were further transfo:rmed so that 

a high t-score would reflect "good" perfonnance on the task. '!he 

original t-score was simply "reflected" to the opposite side of 

the mean of 50. 'lhus, an original t-score of 70 was transfonned to 

30, and an original t-score of 45 to 55. 

'!his transfonnation allowed direct comparison of standardized 

homophone and category-instance scores. Without it, one would 

expect sleep learning to result in high homophone scores and low 

category-instance scores. But with the transfonnation, high scores 

on either task would be an indication of sleep learning. 

Method of statistical Analysis 

'Ib test for the results of implicit learning during sleep, a 2 

X 2 X 2 X 2 Repeated Measures ANOVA was perfonned with subjects' 

standardized scores on the homophone and category instance tasks 

as the dependent measures. '!he four factors of the ANOVA were as 

follows: 

1. GROOP. (SUbjects in the experimental condition vs. subjects in 

the control condition. 

2. PRESENTED (Items presented during sleep vs. items not 
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presented) • 

3. TASK (Homophone test vs. category-instance test). 

4. LIST (Scores for lists A or B vs. scores for lists C or D). 

'!he first factor was between-subjects, the remaining three 

within-subjects. A main effect was predicted for Presented vs. 

Unpresented items. 'Ihat is, it was predicted that due to prllning 

effects, both experimental and control subjects would score higher 

on items that had been presented earlier than on items that had 

not been presented. 

Recognition of homophones was analyzed using a 2 X 2 X 2 

Repeated Measures ANOVA. '!he three factors were as follC7NS: 

1. GROUP (SUbjects in the experimental condition vs. subjects in 

the control condition. 

2. PRFSENTED (Items presented during sleep vs. items not 

presented) . 

3. LIST (Scores for lists A or B vs. scores for lists C or D). 

'Ihe first factor was between-subjects, the remaining two 

within-subjects. An interaction effect was predicted for the 

Experimental-control and Presented-Unpresented factors. 'Ihat is, 

it was predicted that items presented earlier would be recognized 

more often by waking controls than items not presented, but that 

there would be no difference in the recognition of presented and 

unpresented items by experimental subjects. 
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Recognition of categories in the categOl:Y-instance task was 

analyzed using a 2 X 2 X 2 Repeated Measures ANOVA. '!he three 

factors were as follows: 

1. GROUP (SUbjects in the experimental corrlition vs. subjects in 

the control corrlition. 

2. PRESENrED (Items presented during sleep vs. items not 

presented) • 

3. LIsr (Scores for lists A or B vs. scores for lists C or D). 

'!he first factor was between-subjects, the remaining two 

within-subjects. An interaction effect was predicted for the 

Experimental-COntrol and Presented-Unpresented factors. '!hat is, 

it was predicted that items presented earlier would be recognized 

more often by waking controls than items not presented, but that 

there would be no difference in the recognition of presented and 

unpresented items by experimental subjects. 

It should be noted that the forced-choice fonnat of the 

recognition task used for categOl:Y-instance items, which involved 

choosing presented vs. unpresented items, resulted in a perfect 

negative correlation between scores for presented vs. unpresented 

items. For example, if a subject chose the presented items 60% of 

the time, then he must necessarily choose unpresented items the 

remaining 40% of the time. 

SUch a dependency between scores does not bias the results of 

the F test for between-mean differences. Hcmever, the test loses 
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the extra power that usually accrues to within-subjects designs, 

because the variance due to SUbjects and to List is equal to zero 

and thus cannot be subtracted from the error tenn. 

Recall scores were tabulated but not subjected to statistical 

analysis. 
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aJAPl'ER 3 

RESUIJI'S 

Make-up of the Final Data 

'lhree of the nineteen experimental subjects were unable to 

sleep through presentation of stimuli without waking up. Scores 

from these subjects were eliminated from the analysis. 

Several of the remaining experimental subjects were unable to 

sleep through presentations of particular lists. Only if a subject 

slept through each of the four lists (two homophone an:! two 

category-instance lists) at least once, were his scores included 

in the main statistical analysis. Ten experimental subjects met 

this criterion, eight of whom had received presentations during 

REM and two during stage 2. All twelve control subjects were 

included in this analysis. 

Although each homophone list contained 12 items, and each 

category-instance list 8, the score of a subject in the 

experimental condition was seldom based on the full number of 

possible items. As stated above, items were frequently excluded 

from the total score because of EEX; evidence regarding sleep 

stage. Among the experimental subjects, only 23% of scores for the 

presented homophone lists were based on 12 scorable items, an:! 

only 62% of those for the category-instance lists on 8 items. '!he 
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difference in percentages probably reflects that fact that there 

were 50% more items in the homophone lists than the category­

instance lists. '!hus, the presentations of homophone lists took 

50% longer, increasing the probability of arousal. '!he mean mnnber 

of scorable items was 10.3 for presented homophone lists and 7.2 

for presented category-instance lists. 

For homophone pairs, the total number of presentations was 

1,259. '!he total number of scorable items was 267, meaning that 

each scorable homophone pair was presented an average of 4.7 

ti1nes. 

For category-instance pairs, the total number of presentations 

to subjects in the experimental condition during the targeted 

sleep stage was 958. '!he total number of scorable items was 207, 

meaning that each scorable category-instance pair was presented an 

average of 4.6 times. Thus, the attempt to present each pair 5 

ti1nes in the appropriate sleep stage was mainly successful. 

For control subjects the situation was much simpler. Each 

homophone and category-instance pair was presented precisely 5 

ti1nes to each subject, and no items were excluded from the final 

analysis. 
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Results of Implicit Memory Tests 

'!he results of the repeated measures ANOVA for scores of the 

10 experimental subjects and 12 control subjects who had been 

presented with four lists is given in Figure 1 ani Tables 1 ani 2. 

'!he main finding was that a significant interaction existed 

between GROOP and PRESENTED (F (1,20) = 118.41). '!he Games-HCMell 

psi (Games & HCMell, 1976) was used to make a posteriori 

comparisons among means, as reconunended by Kirk (1982) when 

variances and cell sizes are unequal. It was found that waking 

controls performed significantly better on lists previously 

presented than on lists not previously presented, for both the 

category-instance and the cued homophone tests (p < .05). Sleeping 

subjects did not (p > .05). waking controls performed better than 

sleeping subjects on presented lists (p < .05), but not on 

unpresented lists (p > .05). In short, presentation of items 

affected the implicit memory scores of waking controls but not 

sleeping subjects. 

In order to make use of data from as many subjects as 

possible, secondary analyses were performed for homophone and 

category-instance scores separately. '!hus, for example, data from 

subjects who had been presented with two homophone lists, but not 

two category-instance lists, could be included in a secondary 

analysis of homophone scores alone. 
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'!he results of the repeated measures ANOVA for harrophone 

scores of the 12 experimental subjects (8 with REM presentations 

and 4 with stage 2 presentations) am 12 control subjects who had 

been presented with two homophone lists is given in Tables 3 am 

4. '!he results for the categOl:y-instance scores of the 13 

experimental subjects (10 with REM presentations am 3 with stage 

2 presentations) and 12 control subjects who had been presented 

with two category-instance lists is given in Tables 5 am 6. As 

can be seen, the results of these ANOVA's were substantially the 

same as those of the main analysis. '!hat is, control subjects 

scored higher on presented than unpresented lists, but 

experimental subjects did not. 

Results of Explicit Memory Tests 

out of the 267 scorable homophone pairs and 207 scorable 

category-instance pairs presented to the experbnental subjects, 

only 2 were recalled during waking. In only one case did an 

experimental subject incorrectly report having heard a word that 

had not in fact been played to him. '!he word he reported had been 

an unpresented item on a test from an earlier session the same 

night. 

By contrast, controls recalled 118 (41%) of the 288 homophone 

pairs and 142 (74%) of the 192 category-instances pairs which had 
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been presented. to them. In 8 cases, control subjects incorrectly 

reported having heard a word that had not in fact been played. In 

all these cases the reported word either belonged to a list which 

had been presented. earlier, or was very similar phonologically to 

a presented. word. 

'!here were 4 cases, including the two just mentioned, in which 

experilnental subjects were able to recall a homophone or categol:Y 

instance word pair although they had been unambiguously asleep at 

the time of presentation. It may be worth describing the sleep 

record in each of these cases in more detail. In case one, the 

record showed speeding in the EEX:; channels iJnrnediately after 

presentation, with movement artifact appearing after 13 seconds, 

followed by waking. In case two, the subject remained asleep for 

13 seconds, until movement artifact appeared and the subject 

wakened. In case three, movement artifact appeared in the record 

after 3 seconds, followed by waking. In case four, movement 

artifact appeared after 4 seconds, followed by waking. 

'!hese findings support the position that recall for material 

presented. during sleep does not occur unless arousal follows soon 

afterward. Apparently, recall can occur in rare cases even when as 

many as 13 seconds intervene between stimulus presentation and the 

end of Em-defined sleep. 

Recognition scores for homophones are summarized in Table 7. 

'!he dependent variable for this analysis was the total proportion 
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of items for which a subject stated either (a) he recognized the 

item as having been presented earlier or (b) he thought he 

recognized the item but was unsure. As with the implicit memory 

tasks, a significant interaction effect was foun::l for GRaJP am 

PRESENI'ED (F (1,22) = 106.46; MSE = .0194; P < .001 ), irxlicating 

that controls showed an advantage for presented over unpresented 

items, but exper.ilnental subjects did not. 

Scores for category-instance recognition tests are S'lm1lt'o3rized 

in Table 8. As with the homophone recognition tasks, a 

significant interaction effect was found for GROOP am PRESENTED 

(F (1,23) = 70.1; MSE = .0914; 12 < .001 ), irxlicating that 

controls showed an advantage for presented over unpresented items, 

but exper.ilnental subjects did not. 

Additional Analyses 

A sizable portion of items presented to the e>q?er.ilnental 

subjects were eliminated for the reasons described above. 'Ihese 

items were examined post hoc for any additional infonnation they 

might provide, particularly regarding implicit memory for items 

presented during sleep which are quickly followed by waking. 

For the homophone tests, five items were eliminated because 

the subject was awake or in stage 1 at the time of presentation. 
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Of these 5 items, only 1 (20%) was given the rare spelling. Forty­

two items were eliminated because the record irxticated waking or 

movement artifact in the 15 secorrls following presentation. Of 

these 42, only 9 (21%) were given the rare spelling. For 

unpresented items, rare spellings were given in about 30% of 

cases. '!hus, the data do not irxticate that being awake during 

presentation or awaking immediately aft.eJ:ward improved scores on 

the-homophone test. 

For the category-instance tests, 11 items were eliminated 

because the subject was awake or in stage 1 at the time of 

presentation. For these 11, the average ranking was 2.54. Fourteen 

items were eliminated because the record indicated waking or 

movement artifact in the 15 seconds following presentation. Of 

these 14, the average ranking was 2.857. For unpresented items, 

the average ranking was about 3.0 with a standard deviation of 

about .35. '!hus, the data indicate that being awake during 

presentation may have improved scores in the category-instance 

test, but do not indicate that waking inunediately afterward had an 

effect. 

In the few relevant cases, explicit memory appeared closely 

related to perfonnance on the category-instance task. In three 

cases where waking followed presentation of a category-instance 

pair, the subject was later able to recall it. In all three, the 

relevant item was the first association of the subject on the 
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category-instance task. Ignoring these three items am looking at 

the remaining 37 cases where subjects awakened inunediately 

following category-instance presentation, the average ranking was 

3.2, or about chance level. 

An additional analysis was perfonned post hex: to determine if 

experimental subjects presented with word-pairs during stage 2 

sleep had perfonned differently from those presented with them 

during REM sleep. Table 9 presents the mean scores for the stage 

2 and REM groups. Because of the small mnnber of subjects 

involved, statistical power was insufficient to conduct a 

significance test on these data. However, visual inspection 

indicates that scores were virtually the same whether presentation 

occurred in stage 2 or REM sleep. 

The relationship of hypnotizability to performance on implicit 

memory tasks was also examined. For each experimental subject 

with a score on at least one homophone spelling or category 

instance test, an index of implicit learning was calculated to 

represent the degree to which that subj ect perfonned better on 

presented than unpresented items. For example, if a particular 

subj ect had scores on one homophone test and one category instance 

test, his standardized scores on unpresented items for each test 

were subtracted from his standardized scores for presented items 

and then averaged. Thus a subject with scores of 55 and 65 for 

presented items on two tests, and of 45 and 35 for the 
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corresponding unpresented items, would have an in1ex of 20, i. e. 

[(55-45) + (65-35)J / 2 • 

For the 16 subjects with scores on at least one brplicit 

memory test, the mean score on the stanford Hypnotic 

SUsceptibility Scale: Fonn C (SHSS:C) was 4.5, S.D. = 2.85. '!he 

correlation between SHSS:C scores and the in1ex of ilnplicit 

learning was .22, 12 = .41. Despite this discouraging fin1ing, 

post hoc inspection of the data revealed that the two experimental 

subjects who had scored 10 on the SHSS:C had achieved the second 

and third highest scores on the index, 15.8 and 10.7, thus 

suggesting that sleep learning of ilnplicit material may be lOOre 

likely to occur among highly hypnotizable individuals. If so, 

apparently it can also occur among less susceptible individuals: 

the highest index score of 29.2 was achieved by a subject whose 

SHSS: C score was 2. 
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Figure 1 

Means for Standardized Homophone and category-Instance Scores. 

Experimental Subjects vs. Controls. 

Presented vs. Unpresented Items. 

Only Subjects With Complete Data for Both 

Homophone and category-Instance Tasks. 
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Table 1 

Means for Standardized Homophone and category-Instance Scores. 

Experimental Subjects vs. Controls. Presented. vs. Unpresented. 

Items. By List. Only Subjects With Complete Data for Both 

Homophone and category-Instance Tasks. 

A: EXPERIMENTAL SUBJECI'S (N = 10) 

Homophone Task 

List 
A or B 

List 
Cor D 

-------- ------- --,---
Presented. 52.8 50.0 

Unpresented. 51.8 52.6 

category-Instance Task 

List 
A or B 

48.6 

47.8 

List 
Cor D 

48.7 

51.4 

-----------------------------,---

B: CIlNTROIS (N = 12) 

Homophone Task category-Instance Task 

List List List List 
A or B Cor D A or B Cor D . 

Presented. 77.2 67.8 102.2 118.0 

-- --- -------- ------- -----

Unpresented. 48.6 45.5 50.7 48.7 

---------------
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Table 2 

Source Table for Repeated Measures Anova 

of standardized Homophone and categOry-Instance Scores. 

Only SUbjects With Complete Data 

for Both Homophone and catego:ry-Instance Tests. 

Source DF SS MS F 

'rol'AL 175 102986.693 588.495 

GROUP (G) 1 16329.186 16329.186 80.88 
SUBJECI'S (S) 20 4037.816 201.891 

TASK (T) 1 4194.537 4194.537 36.26 
G }~ T 1 5673.327 5673.327 49.05 
TxS 20 2313.282 115.664 

LIS'INAME (L) 1 6.418 6.418 0.04 
GxL 1 0.186 0.186 0.00 
LxS 20 2990.688 149.534 

PRESENTED (P) 1 23290.726 23290.726 131.79 
GxP 1 20925.438 20925.438 118.41 
PxS 20 3534.466 176.723 

TxL 1 778.632 778.632 6.33 
GxTxL 1 283.906 283.906 2.31 
TxLxS 20 2460.106 123.005 

TxP 1 3976.324 3976.324 29.58 
GxTxP 1 3331.262 3331.262 24.78 
TxPxS 20 2688.697 134.435 

LxP 1 25.880 25.880 0.17 
GxLxP 1 239.698 239.698 1.54 
LxPxS 20 3109.176 155.459 

TxLxP 1 476.923 476.923 4.96 
GxTxLxP 1 396.465 396.465 4.12 
TxLxPxS 20 1923.551 96.178 
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P 

.001 

.001 

.001 

.838 

.972 

.001 

.001 

.020 

.144 

.001 

.001 

.688 

.229 

.038 

.056 



Table 3 

Means for standardized Hamophone Scores. 

Experimental SUbjects vs. Controls. 

Presented vs. Unpresented Items. By List. 

Only SUbjects With Complete Data for Homophone Tests. 

A: EXPERlliENTAL SUBJECl'S (N = 12) 

Presented 

List 
A or B 

53.4 

List 
Cor D 

50.0 

--------- ------ -----
Unpresented 51.7 

B: CDNTROL SUBJECI'S (N = 12) 

Presented 

List 
A or B 

77.2 

-----_._--
Unpresented 48.6 

54.8 

List 
Cor D 

67.8 

45.5 
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Table 4 

Source Table for Repeated Measures Anova 

of standardized Homophone Scores. 

Only SUbjects With Complete Data for Homophone Tests. 

Source DF SS MS F P 

Model 95 19919.683 209.681 

GROOP (G) 1 1262.575 1262.575 11.76 0.002 
SUBJECTS (S) 22 2361.993 107.363 

LIsr (L) 1 238.627 238.627 1.70 0.206 
GxL 1 223.221 223.221 1.59 0.220 
LxS 22 3087.575 140.344 

PRESENTED 1 3445.523 3445.523 33.87 0.001 
GxP 1 4363.459 4363.459 42.89 0.001 
PxS 22 2238.185 101. 736 

LxP 1 247.020 247.020 2.22 0.151 
GxLxP 1 0.129 0.129 0.00 0.973 
LxPxS 22 2451.375 111.426 



Table 5 

Means for Standardized category-Instance Scores. 

Experimental SUbjects vs. Controls. 

Presented vs. Unpresented Items. By List. 

Only SUbjects With Complete Data for category-Instance Tests. 

A: EXPERIMENTAL SUBJECI'S (N = 13) 

Presented 

Unpresented 

List 
A or B 

List 
Cor D 

---------
53.5 51.4 

48.7 51.9 

B: CX>NTROL SUBJECI'S (N = 12) 

Presented 

Unpresented 

List 
A or B 

102.2 

50.7 

List 
Cor D 

118.0 

48.7 
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Table 6 

Source Table for Repeated Measures Anova 

of standardized category-Instance Scores. 

Only SUbjects With Complete Data for category-Instance Tests. 

Source DF SS MS F P 

Model 99 83292.920 841.343 

GROOP (G) 1 20286.934 20286.934 90.45 0.001 
SUBJECTS (S) 23 5158.831 224.297 

LIST (L) 1 312.269 312.269 1. 72 0.203 
GxL 1 253.424 253.424 1.40 0.250 
LxS 23 4177.105 181.613 

PRESENTED (P) 1 22647.038 22647.038 101.94 0.001 
GxP 1 21139.860 21139.860 95.15 0.001 
PxS 23 5109.803 222.165 

LxP 1 210.827 210.827 1.54 0.228 
GxLxP 1 838.022 838.022 6.10 0.021 
LxPxS 23 3158.808 137.339 
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Table 7 

Proportion of Homophones Which SUbjects Said '!hey Recognized. 

Experimental SUbjects vs. Controls. 

Presented vs. Unpresented Items. By List. 

Only SUbjects With Complete Data for Homophone 

Recognition Tests. 

A: EXPERIMENTAL SUBJECI'S (N = 12) 

Presented 

List 
A or B 

.118 

List 
Cor D 

.069 

_.------ ------ -------
Unpresented .055 

B: <X>NI'ROL SUBJECI'S (N = 12) 

Presented 

Unpresented 

List 
A or B 

.875 

.180 

.069 

List 
Cor D 

.653 

.111 

------------------------
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Table 8 

Mean Percentage of category-Instance Pairs Chosen 

in Forced-Choice Recognition Test. 

Experimental SUbjects vs. Controls. 

Presented vs. Unpresented Items. By List. 

A: EXPERIMENrAL SUBJECl'S 

Presented 

Unpresented 

List 
A or B 

49 

61 

B: OONI'ROL SUBJECI'S 

List 
A or B 

List 
Cor D 

65 

51 

List 
Cor D 

----- -------- ----
Presented 100 100 

-------- ------ ------
Unpresented a a 
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Table 9 

Means for Standardized Hqrnophone and category-Instance Scores. 

Experimental SUbjects Presented With Word Pairs 

nrring stage 2 Sleep vs. '!hose Presented With Pairs 

nrring REM Sleep. Presented vs. Unpresented Items. 

A: MEAN HOMOFHONE Scx)RES 
(USING ALL EXPERIMENTAL SUBJECI'S 
. WITH CDMPLEI'E DATA FOR HOMOFHONE TESTS) 

Stage 2 REM 
Presentations Presentations 

Presented 50.6 52.3 

Unpresented 56.9 51.4 

B: MEAN CATEGORY-INSTANCE Scx)RES 
(USING ALL EXPERIMENTAL SUBJECI'S 
WITH CDMPLEI'E DATA FOR CATB30RY-INSTANCE TESTS) 

Stage 2 REM 
Presentations Presentations 

-------- ---------- ------
Presented 51.2 52.8 

------- --------- ------------
Unpresented 46.2 51.5 
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aIAPI'ER 3 

DISaJSSION 

Contrru:y to what had been predicted, the present study fOUl'Xi 

no evidence of implicit merno:ry for veJ:bal material presented 

during sleep. Consistent with earlier studies, (Sinon & Erranons, 

1956; Kokkou & Lehmann, 1968, 1973; Lehmann & Kokkou, 1971), 

recall for infonnation presented during sleep was found in a few 

cases, but only when presentation was soon followed by arousal. 

'Ihese findings strongly suggest that semantic priming does not 

occur for veJ:bal material presented during REM or Stage 2 sleep. 

However, a series of questions immediately suggest themselves. 

One question is methodological: would different results have 

been obtained if stimuli were played to subjects at a louder 

voltnne? The answer to this question is "probably not". In the 

course of the study there was abundant evidence that the stimuli 

were "getting through." First, they woke subjects up repeatedly, 

as reported in the results section. Second, the Effi record showed 

a large number of changes in the Effi record following stimulus 

presentation. For example, K complexes frequently appeared when 

presentations were during stage 2. Third, there were several 

cases, already discussed, in which a subject awoke i.rnrnediately 

awoke after presentation of a stimulus and was able to remember 
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it, irrlicating that it had been retained in short-tenn memory, in 

the manner reported by Oltman et al. (1977). 

Besides this evidence fram the present study, there is 

consistent evidence fram prior research, cited above in the 

discussion of discrimination, habituation, con::litioning an:l evoked 

potentials during sleep, whicl1 irrlicates that auditory stimuli are 

as likely to be transmitted to the prilnary auditory cortex and 

processed by it during sleep as they are during waking. '!hus, if 

there is a "gate" that shuts out low- but not high-volume sounds 

during sleep, it must exist at the level of the primary auditory 

cortex or higher, whicl1 would seem unlikely. 

Once the question regarding stimulus volume has been answered, 

several additional questions regarding substantive issues 

inunediately present themselves. Why have earlier studies found 

evidence of semantic learning? Might another kind of priming 

occur? What are the implications for further sleep learning 

research? Eacl1 of these questions will be addressed in turn. 

A Second Look at Selected Studies on Sleep Learning 

In reviews of the research literature, Aarons (1976) and Eicl1 

(1987) have expressed guarded optimism regarding the possibility 

of sleep learning. '!heir conclusions are based largely on the 

following sets of studies: 
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1. Rbkkou & Lehmann, 1968, 1973; Lehmann & Kbukkou, 1971, 1974. 

'lhese studies indicated that when less activation appeared in the 

Em record folleMing presentation of material during sleep, the 

probability of later recall or recognition was leMer. Some of 

these researchers' findings also suggested that sleep learning 

might be superior for familiar as opposed to novel infonnation. 

2. Johnson (1972), Levy et al. (1972) and Tilley (1979). Johnson 

(1972) found that sleep leaxning enhanced relearning of Russian­

English word pairs presented before sleep. Levy et al. (1972) 

found recognition of novel Russian-English word pairs presented 

during sleep. Tilley (1979) found that sleep presentations 

enhanced memory for material presented just before bed. 

3. Evans (1972). This study found that limited recognition existed 

for paired associates presented during sleep, and that the effect 

was greatest among hypnotizable subjects and those with a "set to 

leaxn". 

4. Cobb et al., 1965; Evans et al., 1969, 1970; Evans, 1972; Perry 

et al., 1978. These studies reported that subjects were able to 

leaxn and respond to hypnotic-like suggestions made during REM 

sleep. 
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In a recent critical review, however, Wood (1989) has 

questioned the quality of evidence provided by these studies. 

Although the article by Wood (1989) gives detailed methodological 

critiques of the relevant studies, only its conclusions are stated 

here. 

(1) '!he studies of Kokkou and I.ehrnann (Kokkou & I.ehrnann, 1968, 

1973; Lehmann & Koukkou, 1971, 1974) provide no evidence of sleep 

learning. In fact, these researchers concluded that learning does 

not occur without arousal. 

'!he differential effects found for familiar and novel material 

in Kokkou and I.ehrnann (1971) do not mean that sleep learning is 

easier for familiar associates. Rather, they indicate that people 

need less waking time to recognize well-learned material than to 

learn new material. 

(2) The results of Johnson (1972), levy et ale (1972) and Tilley 

(1979) are inconclusive because these studies failed to eliminate 

the possibility of what could be called "quasi sleep learning", 

that is, learning for material presented just before arousal. 

studies by Kokkou and I.ehrnann (Kokkou & I.ehrnann, 1968, 1973; 

Lehmann & Koukkou, 1971, 1974) and by Oltman et ale (1977) provide 

evidence that quasi sleep learning is possible, as does the 
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present study. Any experiment ~ sleep learning, therefore, 

must elilninate from its analyses any cases in which presentation 

of material was quickly followed by awakening. None of these three 

studies did so. 

(3) The study by Evans (1972) should be regarded as exploratOl:Y 

for several reasons. Most notably, presentations may have occurred 

while subjects were awake, or may have caused subjects to awake 

inunediately aftel:wards. 

(5) The series of studies by Evans and his associates using 

hypnotic-like suggestions during sleep (Cobb et al., 1965; Evans 

et al., 1969, 1970; Evans, 1972; Pen:y et al., 1978) provides 

little if any evidence for sleep learning, despite assertions to 

the contrary made by the researchers. '!he early studies in the 

series (Cobb et al., 1965; Evans et al., 1969, 1970; Evans, 1972) 

have grave methodological weaJmesses, such as the lack of control 

groups, and can be regarded only as exploratory. '!he final study 

in the series (Pen:y et al., 1978) was much stronger 

methodologically, but found no effect. Specifically, sleeping 

subjects responded as frequently to neutral words as they did to 

cue words for which they had received prior suggestions. 
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In light of these criticisms, a new view of the sleep learning 

literature presents itself: although there is abuOOant evidence 

that sleep learning for verbal material is possible, there is 

almost no finn evidence that it actually ocx:urs. 

'Ihe Possibility of Structural Rather'Ihan 

Semantic Priming D..lring Sleep 

Both the homophone spelling and the catego:ry-instance tasks 

are designed to measure the pre-existing activation of mental 

concepts and their associations in the semantic system (Schacter, 

1987). However, studies of dyslexia (for reviews, see Coltheart, 

Patterson, & Marshall, 1980; Coltheart, Sartori, & Job, 1987; 

Ellis & Young, 1988) have indicated that words may be represented 

in merno:ry not only semantically but structurally. For example, 

Schwartz, Saffran, & Marin (1980) describe a patient with 

progressive presenile dementia who, although unable to classify 

words into semantic categories, could nevertheless read them aloud 

even when their spelling was irregular. 'Ihus, although unable to 

state whether "leopard" was the name of an animal, she could 

nevertheless read the word aloud correctly. 

Recent models of infonnation processing for written language 

(for example, see Ellis, 1984) explain the perfonnance of this 

patient by positing the existence of a visual word identification 
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system which identifies words on the basis of their structural 

qualities i.e. their shape as wholes am the features of their 

letters. According to such models, this system is distinct from 

the semantic system although nonnally providing it with input. In 

the patient, the semantic system apparently was destroyed or 

disconnected from the visual word identification system. 'Ihus, 

the sight of a word could activate a structural representation in 

the word identification system but not a semantic representation. 

Because the visual word identification system is thought to 

connect directly to the phonemic word production system, the 

patient was able to read words correctly out loud even though 

unable to comprehend their meaning. Just as the visual word 

identification system contains structural representations of 

written words, an analogous system, the auditory word 

identification system, is thought to exist, containing structural 

representations of the features of spoken words and providing 

input to the semantic system. 

Further evidence from priming studies is consistent with the 

idea that the structural and semantic representations of words 

exist separately from each other in the brain. Schacter (in press) 

has identified two broad findings from the priming literature that 

are particularly relevant. First, perfonnance on a variety of 

tasks involving priming, such as word identification, stem 

completion, fragment completion and free association, is not 
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facilitated more by semantic study processing than by non-sernantic 

study processing. Second, perfonnance on a variety of iIrplicit 

IneJrory tasks is more likely to be impaired by changes in surface 

feature infonnation than is perfonnance on explicit I\'IE!IOC)ry tasks. 

For example, priming effects are substantially reduced when 

stimuli are presented in the auditory mode at study but in the 

visual mode at test. Even smaller changes in surface features 

between study and test stimuli, for example changes in typography, 

can dramatically affect priming effects. SUch findings would not 

be expected if the priming effects in such studies were due to 

activation of semantic representations in memory, but could be 

explained if the effects were due to activation of structural 

representations. 

Although the findings of the present study indicate that 

presentation of words during sleep probably d06S not activate 

representations of associated concepts in the semantic system, no 

test was made regarding activation of structural representations 

in the auditory word recognition system. Additional research 

would be necessary to detennine whether such activation occurs. 

Some encouragement may be taken from existing evidence 

regarding brain functions and infonnation processing during sleep. 

As stated earlier, the processing of auditory infonnation up 

through the level of the primary auditory cortex appears to be 

unchanged during sleep. However, processing beyond that level 
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during sleep does appear to be changed and may well be inpaired. 

If processing by the primal:y auditory cortex is sufficient for the 

operation of the auditory word identification system, but the 

secondary auditory areas are essential for operation of the 

semantic system, then activation of structural representations of 

words might well occur during sleep even without activation of 

semantic representations. '!his hypothesis could be tested in 

future studies. 

Another possibility is that secondary auditory cortex is 

necessary for later but not earlier stages in the semantic 

analysis of words. If so, the semantic representations of 

individual words might be activated by presentations during sleep, 

even though the activation of related associated concepts might 

not occur. For example, presentation of "tortoise" might activate 

the semantic representation of "tortoise" in semantic memory, but 

not the representation of the associated concept "hare". '!hus, 

facilitation of "hare" on a homophone spelling task like the one 

used in this study would not be expected. Further research would 

be necessary to detennine if the activation of individual 

concepts, but not their associations, occurs during sleep. 
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Recommendations Regarding the Topics and Methodology 

of Future Sleep I.ean1ing Researc:h 

'!he results of the present study do not inevitably lead to the 

conclusion that sleep learning should be dropped as a subject of 

scientific enquil:y. Looking backward, it appears that the existing 

literature should be viewed with far more caution than it has been 

(Aarons, 1976; Eich, 1987). Looking ahead, the following 

recommendations are made to other researchers. 

1. Researc:h by Kokkou and Lehmann (Kokkou & Lehmann, 1968, 1973; 

Lehmann & Koukkou, 1971, 1974) and by Oltman et ale (1977), 

confinned by the present study, clearly indicates the existence of 

the phenomenon here called "quasi sleep learning". '!his is a 

subject deserving additional research. One possibility would be 

replicating Oltman et al. (1977), but varying the time between 

presentation and arousal over a wider range - pertlaps 1, 5, 10, 

15, 20, 25 and 30 second intervals. '!his would allow construction 

of a forgetting curve for material presented during sleep. Another 

possibility would be determining where short tenn storage of 

material presented during sleep occurs. Is it in echoic memory? Is 

it subject to interference effects? A third possibility would be 

exploring the effect of quasi sleep learning on ilnplicit and 

explicit memory, although the present study found that when quasi 
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sleep learning occurred, it affected perfonnance on both recall 

and ilnplicit memol:Y tests. 

2. 'Ihe possibility that sleep learning results in structural 

rather than semantic priming deserves to be e>q)lored in later 

studies. 

3. If further research is undertaken concerning sleep learning for 

semantic infonnation, it might begin with a methodologically 

ilnproved replication of Johnson (1972) or TUley (1979). Both of 

these studies were designed reasonably well and achieved 

interesting results. 

4. Most past studies on sleep learning have, quite properly, 

dropped all cases in which the subject was awake during or just 

before stbnulus presentations. In order to rule out the 

possibility of quasi sleep learning, however, future studies will 

need to go even further, and drop all cases in which a subject 

wakened shortly after stbnulus presentation. '!he present study 

eliminated all cases in which the EEX:; record for the 15 secorrls 

following stbnulus presentation showed more than 7 1/2 secorrls of 

alpha, movement artifact, or waking brain wave pattern. '!his 

criterion effectively eliminated all cases in which subjects 
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shCMed recall or recognition effects. '!his or similar approaches 

are absolutely essential for future studies on sleep learning. 

5. studies examining the effect of sleep learning on memory for 

word pair associations, such as Johnson (1972) arx:i Tilley (1979), 

should always test to see if subjects remember hearing the stimuli 

presented to them during sleep. SUch a test will allCM the 

experimenters to differentiate ilnplicit memory effects from 

explicit ones. 
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APPENDIX A 

DErAIIED TABUIATION OF DATA BY SUBJECI' 

Explanation of Headings and Abbreviations Used in Appendix: 

a. NIGH!' - Experimental night that list was presented. 

b. SESS OR SESSION - Session for that night in which 

presentation and testing occurred (two sessions per 

night) • 

c. RARE SPELLING (PC!') - Percent of homophone pairs for which 

subject gave the rarer spelling. 

d. RARE SPELLING (T-SCDRE) - Derived by c:orcparing percent score 

with the percent scores of subjects who were tested 

without prior presentation of homophone pairs. 

e. ITEMS PSNID. - Number of scorable items (i.e. number of items 

presented during intended sleep stage). 

f. RECDGNIT. Y-M-N - Number of homophone items that the subject 

definitely recognized (Y = yes), thought he recognized 

but wasn't sure (M = maybe), or did not recognize (N = 

no). 

g. AVG RANK (RAW) -- '!he average ordinal position or rank of the 

relevant instance among all the instances given for a 

particular category. 
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h. AVG RANK (T-SCORE) - Derived by comparing the avg rank score 

with the avg rank score of subjects who were tested 

without prior presentation of the catego:ry-instance 

pairs. 

i. RCN (%) - Percent of forced. choice question in which the 

subject correctly chose the catego:ry that had been 

presented earlier. 

j. RCL (NO.) - Number of scorable items which the subject freely 

recalled. 
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stage of Sleep in Which Presentations Occurred 

SUBJECl' 
ID STAGE 

1 REM 
2 REM 
3 REM 
4 REM 
7 REM 
8 REM 
9 REM 

11 REM 
12 REM 
13 REM 
14 STAGE 2 
15 STAGE 2 
16 STAGE 2 
17 STAGE 2 
18 STAGE 2 
19 STAGE 2 
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Exoerimental SUbjects. Homophone §pellino Scores 
for Presented Lists. 

ID LIST N1' SESS RARE RARE ITEMS RECXX;NIT. RCL 
SPELLING SPELLING PSNID. Y-M-N 

(PC!') (T-SOORE) 

1 A 2 1 36 56.27 11 0-0-6 0 
1 C 2 2 10 39.30 10 0-0-5 0 
2 
2 D 3 2 20 43.25 10 0-2-3 0 
3 B 2 2 40 57.66 10 0-0-5 0 
3 C 2 1 22 45.67 9 0-0-5 0 
4 A 3 2 22 41.05 9 0-0-5 0 
4 D 3 1 56 67.00 9 0-2-2 0 
7 A 2 1 44 64.98 9 0-2-2 0 
7 D 2 2 18 41.93 11 0-0-5 0 
8 B 3 1 54 69.39 11 0-0-6 0 
8 · · · 9 A 2 2 30 49.75 10 0-0-5 0 
9 C 2 1 20 44.61 10 0-0-6 0 

11 B 3 2 62 76.09 8 0-3-1 0 
11 D 3 1 44 59.08 9 0-2-4 0 
12 A 2 1 27 46.49 11 0-1-5 0 
12 C 2 2 54 62.66 11 0-0-6 0 
13 B 3 1 27 46.78 11 0-0-6 0 
13 D 3 2 12 37.97 8 0-0-3 0 
14 A 2 1 25 44.31 12 0-0-6 0 
14 C 2 2 50 60.54 12 0-0-6 0 
15 B 3 1 33 51.80 12 0-0-6 0 
15 D 3 2 33 51.83 12 0-0-6 0 
16 B 2 2 45 61.85 11 0-0-6 0 
16 C 2 1 28 48.86 7 0-0-5 0 
17 · · · 17 
18 A 2 1 25 44.31 12 0-0-6 0 
18 D 2 2 17 41.27 12 0-0-6 0 
19 · · · 19 · · · 
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Control SUbjects. Homophone Spelling Scores for 
Presented Lists. 

IO LIST Nr SESS RARE RARE ITEMS RECXlGNIT. RCL 
SPELLING SPELLING PSNI'D. Y-M-N 

(PC!') (T-SOORE) 

21 A 2 1 67 89.99 12 6-0-0 6 
21 C 2 2 67 69.57 12 1-0-5 10 
22 B 3 1 58 72.74 12 4-2-0 4 
22 0 3 2 67 74.26 12 3-2-1 2 
23 B 2 2 58 72.74 12 6-0-0 3 
23 C 2 1 67 69.57 12 5-0-1 5 
24 A 3 2 42 62.80 12 4-0-2 1 
24 0 3 1 50 63.04 12 4-0-2 5 
25 A 2 1 33 53.01 12 3-2-1 5 
25 0 2 2 50 63.04 12 4-1-1 6 
26 B 3 1 50 66.04 12 5-0-1 8 
26 C 3 2 50 60.54 12 4-0-2 12 
27 A 2 2 58 80.20 12 4-0-2 2 
27 C 2 1 77 74.88 12 1-1-4 5 
28 B 3 2 92 101.20 12 6-0-0 3 
28 0 3 1 67 74.26 12 4-0-2 4 
29 A 2 1 42 62.80 12 4-0-2 4 
29 C 2 2 42 56.29 12 5-0-1 5 
30 B 3 1 83 93.67 12 4-1-1 1 
30 0 3 2 75 79.54 12 4-1-1 0 
31 B 2 2 100 107.90 12 6-0-0 8 
31 C 2 1 50 60.54 12 4-0-2 7 
32 A 3 2 42 62.80 12 6-0-0 6 
32 0 3 1 58 68.32 12 3-0-3 
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Experimental SUbjects. Homophone Spellinq Scores 
for Unpresented Lists. 

ID UST Nl' SESS RARE RARE ITEMS RECDGNIT. 
SPELLING SPELLING PSNID. Y-M-N 

(PC!') (T-SCORE) 

1 B 2 1 33 51.80 12 0-0-6 
1 D 2 2 33 51.83 12 0-0-6 
2 A 3 1 33 53.01 12 .-.-. 
2 C 3 2 8 38.24 12 0-3-3 
3 A 2 2 33 53.01 12 0-0-6 
3 D 2 1 42 57.77 12 0-0-6 
4 B 3 2 33 51.80 12 0-0-6 
4 C 3 1 17 43.02 12 1-1-4 
7 B 2 1 33 51.80 12 0-0-6 
7 C 2 2 50 60.54 12 0-0-6 
8 A 3 1 25 44.31 12 0-0-6 
8 · · · 9 B 2 2 33 51.80 12 0-0-6 
9 D 2 1 25 46.55 12 0-0-6 

11 A 3 2 33 53.01 12 0-3-3 
11 C 3 1 33 51.51 12 0-3-3 
12 B 2 1 33 51.80 12 0-0-6 
12 D 2 2 25 46.55 12 0-0-6 
13 A 3 1 33 53.01 12 0-0-6 
13 C 3 2 25 47.26 12 0-0-6 
14 B 2 1 12 34.22 12 0-0-6 
14 D 2 2 67 74.26 12 0-0-6 
15 A 3 1 12 30.17 12 0-1-5 
15 C 3 2 75 73.81 12 0-0-6 
16 A 2 2 50 71.50 12 0-0-6 
16 D 2 1 42 57.77 12 0-0-6 
17 · · · 17 
18 B 2 1 50 66.04 12 0-0-6 
18 C 2 2 25 47.26 12 0-0-6 
19 · · · 19 D 2 1 42 57.77 12 0-0-6 
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Control SUbjects. Homophone Snelling Scores for 
Unpresented Lists. 

ID LISl' NI' SESS RARE RARE ITEMS REOJGNIT. 
SPELLlNG SPELLING PSNID. Y-M-N 

(PC!') (T-SCX>RE) 

21 B 2 1 33 51.80 12 0-0-6 
21 D 2 2 17 41.27 12 0-0-6 
22 A 3 1 33 53.01 12 0-2-4 
22 C 3 2 8 38.24 12 0-2-4 
23 A 2 2 33 53.01 12 1-1-4 
23 D 2 1 8 35.33 12 0-0-6 
24 B 3 2 25 45.11 12 0-2-4 
24 C 3 1 17 43.02 12 0-0-6 
25 B 2 1 25 45.11 12 0-0-6 
25 C 2 2 42 56.29 12 1-0-5 
26 A 3 1 17 35.61 12 0-0-6 
26 D 3 2 25 46.55 12 0-0-6 
27 B 2 2 8 30.87 12 0-0-6 
27 D 2 1 25 46.55 12 0-0-6 
28 A 3 2 33 53.01 12 0-1-5 
28 C 3 1 33 51.51 12 0-1-5 
29 B 2 1 50 66.04 12 1-0-5 
29 D 2 2 25 46.55 12 0-1-5 
30 A 3 1 33 53.01 12 4-1-1 
30 C 3 2 42 56.29 12 2-1-3 
31 A 2 2 25 44.31 12 0-0-6 
31 D 2 1 17 41.27 12 0-0-6 
32 B 3 2 33 51.80 12 0-0-6 
32 C 3 1 17 43.02 12 0-0-6 
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ExPerimental SUbjects. cateqO~-Instance SCores 
for Presented Lists. 

AVG. AVG. ITEMS Rar. RCL 
ID LIsr NI'. SESS. RANK RANK. PSNI'D. (%) (NO.) 

(RAW) (T-SOORE) 

1 A 3 1 2.62 61.97 8 75 0 
1 C 3 2 3.14 24.27 7 67 0 
2 B 2 1 3.25 50.53 4 100 0 
2 D 2 2 2.75 62.56 4 0 0 
3 A 3 2 2.88 53.08 8 0 0 
3 C 3 1 2.71 47.35 7 33 0 
4 A 2 2 3.38 35.98 8 75 0 
4 D 2 1 3.43 46.60 7 67 0 
7 B 3 2 3.25 50.53 4 50 0 
7 D 3 1 3.50 44.95 8 25 0 
8 A 2 1 1.50 100.26 8 50 0 
8 D 2 2 3.12 53.87 8 75 0 
9 B 3 1 3.00 56.21 8 50 0 
9 C 3 2 2.62 52.18 8 100 0 

11 B 2 2 3.67 40.98 6 0 0 
11 C 2 1 2.88 38.23 8 50 0 
12 A 3 1 3.00 48.97 6 33 0 
12 C 3 2 1.86 92.98 7 100 0 
13 B 2 1 3.38 47.58 8 25 0 
13 D 2 2 3.38 47.77 8 25 0 
14 A 3 1 3.00 48.97 6 33 0 
14 C 3 2 2.75 45.21 8 75 0 
15 
15 D 2 2 3.12 53.87 8 75 0 
16 
16 C 3 1 2.12 79.03 8 50 0 
17 A 2 2 3.38 35.98 8 75 0 
17 
18 B 2 2 3.62 42.12 8 50 0 
18 D 3 1 3.38 47.77 8 75 0 
19 B 3 1 2.88 58.94 8 0 0 
19 C 3 2 2.40 64.00 5 50 0 
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Control SUbjects. cateao:!;y-Instance Scores for 
Presented Lists. 

AVG. AVG. ITEMS RCN. RCL 
ID LIST NI'. SESS. RANK RANK. PSNID. (%) (NO.) 

(RAW) (T-SCORE) 

21 A 3 1 1.12 113.25 8 100 8 
21 C 3 2 1.00 139.15 8 100 8 
22 B 2 1 1.62 87.58 8 100 4 
22 D 2 2 1.50 91.91 8 100 3 
23 A 3 2 1.00 117.35 8 100 8 
23 C 3 1 1.00 139.15 8 100 4 
24 A 2 2 1.00 117.35 8 100 8 
24 D 2 1 1.00 103.65 8 100 7 
25 B 3 2 1.00 101.67 8 100 7 
25 D 3 1 1.38 94.73 8 100 7 
26 A 2 1 2.00 83.16 8 100 7 
26 D 2 2 1.12 100.83 8 100 7 
27 B 3 1 1.00 101.67 8 100 7 
27 C 3 2 1.00 139.15 8 100 8 
28 B 2 2 1.00 101.67 8 100 7 
28 C 2 1 1.00 139.15 8 100 5 
29 A 3 1 1.50 100.26 8 100 6 
29 C 3 2 1.00 139.15 8 100 4 
30 B 2 1 1.00 101.67 8 100 0 
30 D 2 2 1.38 94.73 8 100 0 
31 A 3 2 1.00 117.35 8 100 8 
31 C 3 1 1.00 139.15 8 100 6 
32 A 2 2 2.00 83.16 8 100 6 
32 D 2 1 1.38 94.73 8 100 7 
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Experimental SUbjects. category-Instance SCOres for 
Unpresented Lists. 

ID LIST Nl' SESSION AVG AVG ITEMS 
RANK RANK PSNl'D. 
(RAW) (T-SCDRE) 

1 B 3 1 3.50 44.85 8 
1 0 3 2 2.75 62.56 8 
2 A 2 1 2.75 57.52 8 
2 C 2 2 2.38 65.07 8 
3 B 3 2 2.75 61.89 8 
3 D 3 1 3.50 44.95 8 
4 B 2 2 3.50 44.85 8 
4· C 2 1 2.62 52.18 8 
7 A 3 2 3.00 48.97 8 
7 t 3 1 2.62 52.18 8 
8 B 2 1 3.12 53.48 8 
8 C 2 2 2.88 38.23 8 
9 A 3 1 2.75 57.52 8 
9 0 3 2 3.75 39.08 8 

11 A 2 2 2.88 53.08 8 
11 D 2 1 3.00 56.69 8 
12 B 3 1 3.25 50.53 8 
12 0 3 2 3.75 39.08 8 
13 A 2 1 3.00 48.97 8 
13 C 2 2 2.50 58.63 8 
14 B 3 1 3.75 39.17 8 
14 0 3 2 3.00 56.69 8 
15 A 2 1 2.62 61.97 8 
15 C 2 2 2.38 65.07 8 
16 B 3 2 3.12 53.48 8 
16 0 3 1 3.50 44.95 8 
17 B 2 2 3.62 42.12 8 
17 C 2 1 3.00 31. 79 8 
18 A 2 2 3.62 27.78 8 
18 C 3 1 2.62 52.18 8 
19 A 3 1 3.12 44.87 8 
19 0 3 2 3.00 56.69 8 
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Control SUbjects. catego;!;y-Instance Scores 
for Unpresented Lists. 

ID LIsr Nl' SESSION AVG AVG ITEMS 
:RANK :RANK PSN1'D. 
(RAW) (T-Scx)RE) 

21 B 3 1 2.38 70.30 8 
21 D 3 2 3.12 53.87 8 
22 A 2 1 2.88 53.08 8 
22 C 2 2 2.75 45.21 8 
23 B 3 2 3.50 44.85 8 
23 D 3 1 3.62 42.13 8 
24 B 2 2 2.50 67.58 8 
24 C 2 1 2.75 45.21 8 
25 A 3 2 3.25 40.43 8 
25 C 3 1 2.50 58.63 8 
26 B 2 1 3.75 39.17 8 
26 C 2 2 2.88 38.23 8 
27 A 3 1 3.12 44.87 8 
27 D 3 2 2.50 68.43 8 
28 A 2 2 3.12 44.87 8 
28 D 2 1 3.00 56.69 8 
29 B 3 1 3.12 53.48 8 
29 D 3 2 3.88 36.03 8 
30 A 2 1 2.50 66.07 8 
30 C 2 2 2.75 45.21 8 
31 B 3 2 3.62 42.12 8 
31 D 3 1 3.62 42.13 8 
32 B 2 2 3.62 42.12 8 
32 C 2 1 2.62 52.18 8 
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