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ABSTRACT

Retention of a paired-associate list of common nouns was tested under

two conditions: original learning at night prior to 8 hours of sleep (SLEEP

Condition); and original learning in the morning prior to a day of normal

waking activity (WAKING Condition). Both conditions were subdivided so that

retention was tested at intervals of 8, 16 and 24 hours after original

learning.

For both paced and free recall measures of retention, the SLEEP condi

tion proved superior to the WAKING condition at the 8 hour interval . . .

replicating the findings of Jenkins and Dallenbach. At 24 hours, the

amounts of sleep and waking were equated across both conditions thus normal

izing for potential interference. The superiority of the SLEEP condition

over the WAKING condition was also observed at the 24 hour interval suggest

ing two conclusions: first, memory traces acquired shortly before sleep

onset are not held in a labile form during sleep only to be disrupted by a

period of ensuing waking but continue to be processed either at a normal or

facilitated level during sleep; and second, the consolidation during sleep

of verbal materials learned shortly before sleep onset has a long-range

beneficial effect on their recall.

There were no differences in retention between the SLEEP and WAKING

conditions at 16 hours after original learning. This finding was largely

influenced by improved recall on the part of Ss in the WAKING condition

in the interval between 8 and 16 hours. Although this improvement was

observed for both paced and free recall measures of retention, it was

significant only in the case of two measures of paced recall.



It was concluded that during the 8 to 24 hour period after original

learning, verbal materials learned shortly before a period of sleep are

better recalled and subject to less temporal fluctuation.



Inquiries into the functional value of sleep have addressed the

possibility that sleep may play some essential role in the processes

underlying memory. Jenkins and Dallenbach (1924) were among the first

to investigate systematically the effect of sleep on long-term

retention: they found retention to be considerably better for subjects

who slept immediately after original learning compared to subjects who

were awake for an equal interval. This difference in retention appears

to be consistent, the experimental findings having been replicated many

times (Lovatt & Warr, 1968; Newman, 1939; Wan Ormer, 1932). Since this

paradigm involved equal retention intervals but resulted in differential

forgetting as a function of the type of intervening activity (sleep vs.

waking), Jenkins and Dallenbach disputed the simple decay theory of

forgetting. Instead, they suggested that forgetting is "a matter of the

interference, inhibition, or obliteration of the old by the new" with

sleep insulating the newly learned material from the disruptive effects

of waking life.

However, Jenkins and Dallenbach might not have completely identified

the nature of the process which had produced the observed differences in

retention. Assuming that those differences were at least partially shaped

by interference experienced by subjects who remained awake after original

learning, they might also have been affected by the memory processes

ongoing in those subjects who slept immediately after original learning.

Such processes might have included among other possibilities: the retention

of the newly acquired memory traces in a labile form; the continuation

of the same memory consolidation processes begun during waking; or actual



enhancement of that consolidation process by some factor(s) uniquely

associated with sleep.

Were the first hypothesis correct, then a period of sleep following

original learning would merely postpone the disruptive effects of inter

ference which would ensue upon subsequent waking. However, if memory

processing continues on a normal, or perhaps facilitated level during

sleep, then retention scores of subjects who sleep after learning should

remain superior to the scores of subjects who stay awake after learning

when the retention interval is extended beyond the length of the sleep

period to allow for equal amounts of interference.

These possibilities can be investigated by extending the retention

interval in the basic Jenkins and Dallenbach paradigm to test recall at

multiples of 24 hours. In particular, such a design would compare the

recall scores of two groups of subjects: one group (SLEEP condition) whose

learning occurs at night, who then sleeps for 8 hours and who is tested

for recall at either 24, 48 or 72 hours (etc.) after original learning;

and a second group (WAKING condition) whose learning occurs in the morning,

who remains awake for 16 hours, sleeps for 8 hours and who is tested for

recall also at multiples of 24 hours. Under such circumstances, groups

are equated for the amount of sleep and waking which occur within a 24

hour period but differ in the sequence of sleeping and waking relative to

the time of original learning.

Several studies employing an extended Jenkins and Dallenbach paradigm

are summarized in Table 1. Their results present a confusing picture.

Graves (1937) tested recall at 24, 48, 72, 96 and 144 hours under both the

SLEEP and WAKING conditions but found no differences in retention at 24
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TABLE1.

+
SLEEPsuperior
toWAKING

*
SLEEPno
differentfromWAKING

Comparison
ofSLEEPandWAKINGConditions
at
Different RetentionIntervals

intheJenkinsandDallenbachParadigm
STUDY

LEARNINGMATERIAL

NUMBEROFSS

RETENTIONINTERWAL
8hrs24hrs48hrs72hrs96hrs144hrs

Jenkins
&

Dallenbachseriallistof2 (1924)nonsensesyllables
WanOrmerseriallistof2 (1932)nonsensesyllables Newmanitemsnonessential

11 (1939)totheplotofa

shortstory

Lovatt
&
Warr
paired-associate
40 (1968)listof

adjectives GravesSeriallistof1k+ (1937)nonsensesyllables Gibb
26+* (Note1)

Richardson
&
GoughSeriallistof18* (1963)nonsensesyllables McGaughSeriallistof2 (Note2)

nonsensesyllables Benson
&

FeinbergSeriallistof24 (1975)

nonsensesyllables



and 48 hours; however, the superiority of the SLEEP condition emerged

at intervals of 72 hours and beyond. Gibb (Note 1) also tested

retention under both conditions at intervals of 24, 48, 72 and 96 hours

and found the SLEEP condition significantly superior to the WAKING

condition only at the 48 hour interval. Finally, Richardson and

Gough (1963) measured recall under the same paradigm at 24, 48 and

144 hours. No significant differences were found between the SLEEP and

WAKING conditions at 24 and 48 hours but at 144 hours the superiority of

the SLEEP condition emerged. Although their experimental conditions

were very dissimilar, all three of these studies found the SLEEP condition

superior to the WAKING condition at some interval beyond 24 hours;

however, none found differences between the SLEEP and WAKING conditions

at 24 hours. None of these studies tested retention within the first

24 hour interval so it is impossible to determine whether the observation

of equal retention at 24 hours can be attributed to a deterioration

in performance by Ss in the SLEEP condition between 8 and 24 hours

or to an improvement in performance by Ss in the WAKING condition between

8 and 24 hours.

Two recent studies have tested retention at both 8 and 24 hours.

McGaugh (Note 2) replicated the Jenkins and Dallenbach effect at 8 hours

and also observed that retention for the SLEEP condition was superior to the

WAKING condition at 24 hours. Additional forgetting occurred over the

8 to 24 hour interval in the WAKING condition, but little if any forgetting

Occurred over the same interval in the SLEEP condition.

Data reported by Benson and Feinberg (1975) suggested a very

different pattern over the same time span. Again the Jenkins and



Dallenbach effect was replicated at 8 hours but no differences between

the SLEEP and WAKING conditions were observed at 24 hours. Surprisingly,

this result was not due to a decline in performance between 8 and 24

hours within the SLEEP condition but rather to significant improvement

in recall between 8 and 24 hours within the WAKING condition. It was

hypothesized that the period of sleep allowed Ss in the 24-hour WAKING

group facilitated recall...even though that sleep period did not

follow closely upon the original learning experience.

The present study was designed as a further test of the possible

relation of sleep to memory consolidation. It compared retention under

the SLEEP and WAKING conditions at 8, 16 and 24 hours. The 8 hour

interval represented a replication of the Jenkins and Dallenbach paradigm.

The 24 hour interval once again tested the effect of immediate vs. delayed

sleep on memory. The purpose of the 16 hour interval was twofold. In

the WAKING condition it provided a test of the enhancing effect of sleep

on memory. Improved recall should occur between 16 and 24 hours because

Ss are allowed to sleep. In the SLEEP condition, it provided a test

of possible circadian influences on retention. In our previous work

(Benson & Feinberg, 1975), of the 4 groups tested, poor performance

was confined to Ss in the 8-hour WAKING group. Their retention test

was scheduled between 4:00 P.M. and 6:00 P.M. The possibility remained

that performance on a recall test might deteriorate in late afternoon

but improve as the evening progresses (explaining the high level of

performance of Ss in our 24-hour SLEEP group). Thus the 16 hour

retention interval within the SLEEP condition was designed to test for

possible periodicity in recall over a 24 hour period with a trough in



the late afternoon (at 16 hours after original learning).

Finally, all Ss were administered the Digit Symbol Substitution

Test during the recall session. Were some periodicity found in measures

of recall, this test would provide some independent determination of

whether the periodicity affected a cognitive function other than memory.

Method

Material S:

The learning material was a list of 16 paired associates. The

paired-associate list appears in Appendix I. Each pair was formed from

unrelated common nouns for which concreteness, imagery and meaningfulness

values have been established (Paivio, Yuille & Madigan, 1968). Con

creteness values ranged from 6.85 to 7.00 with a mean of 6.97. Imagery

values ranged from 6.37 to 6.90 with a mean of 6.62. Meaningfulness

values ranged from 6.16 to 7.96 with a mean of 7.01. Finally, frequency

estimates were determined from Kucera and Francis (1967). They ranged

from 6 to 312 with a mean of 52.25. Concreteness, imagery, meaningfulness

and frequency values for each of the 32 items composing the paired

associate list appear in Appendix II.

Procedure:

This study conformed to a 2 x 3 factorial design with 2 original

learning conditions (late night prior to SLEEP; early morning prior to



a full day of WAKING activity) and with 3 retention intervals (8, 16

and 24 hours). Ss in the SLEEP condition reported for the learning

session between 10:30 P.M. and 12:10 A.M. Following this learning

session, Ss returned to their own dormitory rooms to sleep. All

dormitories were situated in close proximity to the building in which

testing was conducted. One-third of the Ss in the SLEEP condition

returned for the recall session 8 hours after original learning, between

7:00 A.M. and 8:30 A.M. the next morning; one-third returned 16 hours

after original learning, between 3:00 P.M. and 4:30 P.M. the following

afternoon; and one-third returned for the recall session the following

evening exactly 24 hours later. Ss in the WAKING condition reported

for the learning session between 7:00 A.M. and 8:30 A.M. One-third

of the SS in the WAKING condition returned for the recall session 8 hours

later between 3:00 P.M. and 4:30 P.M.; one-third returned 16 hours

later between 11:00 P.M. and 12:30 A.M.; and one-third returned the

following morning exactly 24 hours later having slept in their own

dormitory rooms.

Learning Session: Testing took place in a 1.8 x 2.2 meter sound attenuated

room. Ss learned the paired-associate list by the study-test method to

a criterion of 12 out of 16 correct responses on one test trial. In the

study-test method, a study trial alternates with a test trial. On study

trials, the complete PA list, showing both stimulus and response terms,

is presented sequentially. On test trials, only the stimulus terms of

each pair are presented. Ss must produce the response term before the

next stimulus item is presented. Eight different random orders (4 study



and 4 test) of the pairs within the PA list were used to prevent

serial learning. The learning material was presented by a Kodak

Ektagraphic Model AF slide projector. Each slide was presented for two

seconds followed within one second by the next slide. Each slide

displayed one pair. The interval preceding each study list was six

seconds (two blank slides) while the interval preceding each test list

was three seconds (one blank slide). The presentation and timing of

slides were automatically controlled by a Philips Cassette Tape Recorder

N2209 and a Philips Slide Synchronizer LFD 3442. Each slide was pro

jected to a size of 27.5 by 40 cm., one meter in front of each S. The

letter height of projected words was 1.5 cm. In all cases, original

learning lasted less than 20 minutes. Before they were dismissed, Ss

were given non-rehearsal instructions and were cautioned to take no

daytime maps. Ss were led to understand that their next session would

be devoted to tests of "symbol manipulation". Instructions for the

original learning session appear in Appendix III.

Recall Session: The recall session took place in the same test room.

Three different tests of retention were employed: paced recall, free

recall and relearning. First, Ss were given one paced test trial.

Second, Ss were provided a piece of paper on which were printed the

stimulus terms of each pair; Ss were allowed an unlimited amount of time

to fill in the response terms. Third, Ss relearned the list. Starting

with a study trial, Ss relearned the list to the same 12 out of 16

criterion. Following the retention tests, Ss were given the Digit Symbol

Substitution Test. They were allowed 90 seconds in which to complete

as many items of the test as possible. The recall session lasted ap



proximately 20 minutes. Instructions for the recall session appear in

Appendix IV.

Subjects:

Ss were dormitory residents of the University of San Francisco.

Potential subjects were screened on the basis of their answers to a

questionnaire circulated among the dormitory students. This questionnaire

appears in Appendix W. Of the 300 questionnaires circulated, 172 were

returned. Of these 172, 57 failed to meet the preestablished criteria

shown in Table 2. leaving a pool of 115 potential subjects. From this

pool , 60 Ss were selected... 10 for each cell of this 2 x 3 design.

Subject selection involved the following constraints: first, in proportion

to the number of males and females in the potential subject pool, 4 males

and 6 females were assigned to each cell; second, in proportion to the

number of potential subjects claiming their best time for study was in

the morning, in the afternoon or in the evening, two 'morning' Ss, two

'afternoon' Ss and six 'evening' Ss were assigned to each cell.

Ss selected for the study ranged in age from 18 to 22 years with a

mean age of 19.4 years. Each was paid $5.00 for his or her participation.

A copy of the consent form signed by each S appears in Appendix WI.

Results

Cell means and standard deviations on two measures of learning, five

measures of recall and the Digit Symbol Substitution Test are presented
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TABLE 2.

CRITERIA FOR SUBJECT REJECTION

. Subject does not consider self a good sleeper.

. Subject professes to have some sleep problem such as insomnia or
sleep walking (sleep talkers were not rejected).

. Subject claims to take more than 45 minutes to fall asleep.

. Subject claims to take over one hour to fall asleep at least
five times a month.

. Subject deviates from described schedule very often.

. Subject is taking medication that might affect performance on
cognitive tasks.

. Subject's most fluent language is not English.

. Subject either has or has had some learning disability.



in Table 3.

Learning: Two measures of learning were analyzed. For the first

measure, i.e., number of trials to reach criterion, cell means in the

SLEEP condition were 5.00, 3.80 and 4.60 trials for the 8, 16 and 24 hour

retention intervals respectively; cell means in the WAKING condition were

4.50, 4.30 and 4.10 trials for the 8, 16 and 24 hour retention intervals

respectively. For the second measure, i.e. number of items correct on the

last learning trial, cell means in the SLEEP condition were 13.60, 12.70

and 13.00 items for the 8, 16 and 24 hour groups respectively; cell means

in the WAKING condition were 13.00, 12.70 and 13.40 items for the

8, 16 and 24 hour groups respectively.

A 2 (condition SLEEP vs. WAKING) x 3 (retention interval) analysis

1 effects.of variance on both of these measures revealed no significant

This suggests that differences in retention scores are unlikely to be

attributable to differences in degree of original learning. Moreover,

no time-of-day effects were apparent. Morning learning of this material

was not superior to evening learning.

It will be recalled that SS Were selected so that each of the Six

groups was composed of two 'morning' Ss, two 'afternoon' Ss and six 'evening'

Ss. This assignment was based on self-report data taken from the subject

screening questionnaire. To determine if self-professed periods of peak

performance would be supported empirically, t-tests were performed on both

learning measures making the following comparisons: first, within the

WAKING condition, learning scores of self-professed 'morning' Ss were com

pared with those of all other Ss in the same condition; second, within

'significance is defined as p < .05 (two-tailed).



9a.

TABLE 3.

Means and Standard Deviations of Learning Scores, Recall
Scores and the Digit Symbol Substitution Test for the SLEEP
and WAKING Conditions at Intervals of 8, 16 and 24 Hours.

CONDITION SLEEP WAKING
RETENTION INTERWAL 8 hr 16 hr 24 hr 8 hr 16 hr 24 hr
TIME OF RETENTION TEST 7_AM 3 PM 11 PM 3 PM 11 PM 7 AM

LEARNING:

No. Learning Trials MEAN 5.00 3.80 4.60 4.50 4.30 4.10
to Criterion S.D. 2.06 1. 48 2.68 1. 43 1.89 2.03

No. Correct Last MEAN 13.60 12.70 13.00 13.00 12.70 13. 40
Learning Trial S.D. 1.27 0.68 1.05 1.16 1.34 0.97

RECALL :

Paced Recall Loss MEAN 1.30 - 1.80 - 2.20 – 5.10 - 3. 10 - 3.80
S.D. 2.00 1.40 1.99 2. 13 2.18 1.03

Paced Recall MEAN 9. 10 -13.90 –16.60 –39.80 –24.50 -28.80
Percent Loss S.D. 13.63 10.20 14.59 16.65 15.22 8.68

Free Recall Loss MEAN 0.30 - 1.00 - 0.70 - 3.20 - 1.80 – 3.00
S.D. 1.57 1.05 1.77 1.99 2.04 1.76

No. Correct First MEAN 14.10 14.70 14.90 13.10 12.80 14.30
Relearning Trial S.D. 1.66 0.68 0.88 2.08 2.30 1.42

Savings on Relearning MEAN 0.50 2.00 1.90 0.10 0.10 0.90
S.D. 1.58 0.94 0.88 2. 18 2.56 1.20

Digit Symbol MEAN 64.60 66.90 67.00 63.30 65.40 67.90
Substitution Test S.D. 16.97 5.61 4.35 7.60 8.13 11.49
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the SLEEP condition, learning scores of self-professed 'evening' Ss

were compared with those of all other Ss in the same condition; and

third, across both conditions, learning scores of 'morning' Ss tested

in the morning were combined with those of 'evening' Ss tested in the

evening and were compared to the scores of all remaining Ss. Only the

first comparison yielded significant results. The mean number of trials

to criterion was significantly lower for self-professed 'morning' Ss

(mean = 2.83 trials) than for the remaining SS (mean = 4.67 trials) in

the WAKING condition (t = 3.91, df = 19.60). None of the comparisons

involving the second learning measure, number correct on the last

learning trial, proved significant.

T-tests were performed on both learning measures comparing male

and female SS across both conditions. These tests revealed no differences

in learning scores attributable to the sex of the Ss.

Recall : For each S, five measures of retention were calculated: the

number correct on the last learning trial minus the number correct on

the paced recall trial (paced loss); paced loss score divided by the

number correct on the last learning trial and multiplied by 100 (percent

paced loss); number correct on the last learning trial minus the number

correct on the free recall trial (free loss); the number correct on the

first relearning trial (relearning); and the number correct on the first

relearning trial minus the number correct on the last learning trial

(savings). These last two estimates of retention differ from more

traditional relearning measures in tapping performance only on the first

relearning trial. They were formulated to minimize the confounding of

learning and retention variables and also because of the ease with which
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Figure 1.

Five Measures of Retention in the SLEEP and WAKING
Conditions at Intervals of 8, 16 and 24 hours:

(a) Paced Loss; (b) Paced Percent Loss; (c) Free Loss;

;:
(d) No. Correct on First Relearning Trial ;

(e) Savings on Relearning.
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our Ss relearned the paired-associate list. Due to the high degrees

of concreteness, imagery and meaningfulness of the words, only five Ss

took more than one trial to relearn them to criterion.

For the paced loss measure, the six cell means were -1.30, -1.80

and -2.20 items (SLEEP condition at 8, 16 and 24 hours respectively) and

–5. 10, -3.10 and -3.80 items (WAKING condition at 8, 16 and 24 hours

respectively). A 2 x 3 analysis of variance revealed a significant

main effect of the SLEEP vs. WAKING conditions (F(1/54) = 22.11, MS.-3.38).
The SLEEP/WAKING condition by retention interval interaction approached

significance at p < .07. Post-hoc comparisons found the 8 hour SLEEP

group superior to the 8 hour WAKING group, the 24 hour SLEEP group

superior to the 24 hour WAKING group and the 16 hour WAKING group

superior to the 8 hour WAKING group.

Cell means for the percent paced loss measure were -9.10, -13.90

and -16.60 percent (SLEEP condition at 8, 16 and 24 hours respectively)

and -39.80, -24.50 and -28.80 percent (WAKING condition at 8, 16 and

24 hours respectively). ANOVA yielded a significant main effect of SLEEP

vs. WAKING condition (F(1/54) = 23.70, MS,-201:25). The SLEEP/WAKING

condition by retention interval interaction approached significance

at p < .052). Post-hoc comparisons yielded results identical to those

reported for the paced loss measure.

For the free loss measure, the group means were +0.30, -1.00 and

–0.70 items (SLEEP condition at 8, 16 and 24 hours respectively) and

–3.20, -1.80 and -3.00 items (WAKING condition at 8, 16 and 24 hours

respectively). ANOVA on this measure also yielded a significant main

effect of the SLEEP vs. WAKING condition (F(1/54) = 24.29, MS,-2.99).
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The superiority of the 8 hour SLEEP group over the 8 hour WAKING group

and the superiority of the 24 hour SLEEP group over the 24 hour WAKING

group were supported by post-hoc comparisons.

Group means for the relearning measure were 14.10, 14.70 and 14.90

items (SLEEP condition at 8, 16 and 24 hours respectively) and 13.10,

12.80 and 14.30 items (WAKING condition at 8, 16 and 24 hours respectively)

while cell means for the savings measure were 0.50, 2.00 and 1.90 items

(SLEEP condition at 8, 16 and 24 hours respectively) and 0.10, 0.10 and

0.90 items (WAKING condition at 8, 16 and 24 hours respectively). Both

measures were subjected to ANOVA and yielded a significant main effect of

the SLEEP vs. WAKING condition (relearning, F(1/54) = 7.85, MS,-2.60;

savings, F(1/54) = 6.44, MS,-2.82). Post-hoc comparisons found the

superiority of the 16 hour SLEEP group over the 16 hour WAKING group

to be solely responsible for the observed effect.

The influence of possible circadian factors on recall was tested

by subjecting each of the five retention measures to a one-way ANOVA. The

independent variable was time-of-day with three times scheduled for the

second testing session: 7:00 A.M. to 8:30 A.M. (the 8 hour SLEEP group

and the 24 hour WAKING group); 3:00 P.M. to 4:30 P.M. (the 8 hour WAKING

group and the 16 hour SLEEP group); and 11:00 P.M. to 12:30 A.M. (the 24

hour SLEEP group and the 16 hour WAKING group). For none of the five

retention measures did the effect of time-of-day on recall prove

significant.

To determine of Ss' self-professed periods of peak performance would

be validated by any measure of recall, t-tests were performed on the

five retention measures making the following four comparisons: for those
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Ss retested in the morning (the 8 hour SLEEP group and the 24 hour

WAKING group), self-professed 'morning'Ss were compared with all Ss

remaining in these two groups; for those Ss retested in the afternoon

(the 8 hour WAKING group and the 16 hour SLEEP group), self-professed

'afternoon' Ss were compared with all Ss remaining in these two groups;

for those Ss retested late in the evening (the 24 hour SLEEP group and

the 16 hour WAKING group), self-professed 'evening' Ss were compared with

all Ss remaining in these two groups; and finally, all Ss whose self

professed periods of peak performance coincided with the time of their

second testing session were pooled and compared with all other Ss. In

no case did any significant comparisons emerge.

T-tests were also performed on all five measures of retention

comparing male and female Ss but the effect of sex on retention proved

insignificant in all instances.

Digit Symbol Substitution Test: Cell means on this test were 64.6, 66.9

and 67.0 correct substitutions (SLEEP condition at 8, 16 and 24 hours

respectively) and 63.3, 65.4 and 67.9 correct substitutions (WAKING

condition at 8, 16 and 24 hours). A 2 x 3 ANOVA revealed no significant

effects indicating no differences among the six treatment groups in the

performance of this task.

To test for the influence of circadian factors on the performance

of this task, a one-way ANOVA was performed using time-of-day as the

independent variable. As in the analysis of the retention data, the

8 hour SLEEP group was pooled with the 24 hour WAKING group, the 8 hour

WAKING group was pooled with the 16 hour SLEEP group, and the 24 hour

SLEEP group was pooled with the 16 hour WAKING group to delineate three
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different times of day when the Digit Symbol Substitution Test was

administered. This analysis revealed no significant effect.

With regard to generating empirical support for Ss' self-professed

periods of peak performance, the same four comparisons were made on the

Digit Symbol Substitution Test data as were made on the five recall

measures; none approached statistical significance. Finally, a t-test

was performed comparing the performance of male and female Ss. The mean

number of correct substitutions was significantly higher for female Ss

(mean = 69.61) than for male SS (mean = 60.21) (t = 4.18, df = 58).

Discussion

The results of this study suggest that memory traces established

shortly before sleep onset are not simply insulated from interference

during the sleep period. In addition, their consolidation is enhanced

so that, 24 hours after learning, when the amounts of sleep and waking

(interference) are equal, memory for material learned prior to sleep

is superior to that learned prior to waking. This effect was observed

both for measures of paced and free recall suggesting that some factor

other than (or in addition to) retrieval speed was operative. The time

course of retention indexed by the relearning measures presented a very

different pattern: the superiority of the SLEEP condition over the
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WAKING condition was significant only at the 16 hour interval; however,

relearning measures should be given less weight than the paced and free

recall measures since a clear ceiling effect was observed, all but five

Ss relearning to criterion within a single trial.

The memory-enhancing effect of sleep was not observed for a

sleep period removed from original learning by 16 hours of waking. As in

our previous study, the present investigation demonstrated improved

recall within the WAKING condition sometime between 8 and 24 hours after

original learning. Contrary to our initial hypothesis, for both

measures of paced recall, this improvement occurred in the interval

between 8 and 16 hours before a sleep period intervened. For both

relearning measures, a tendency toward improved recall was observed

between the 16 and 24 hour test intervals (the sleep period) within the

WAKING condition. However, since comparable improvement was observed

within the SLEEP condition between 8 and 16 hours (a waking period),

we could not attribute the improved recall in the WAKING condition

to sleep. Our findings agree with those of Heine (Note 3) and of

McGaugh and Hostetter (Note 4) in showing that the memory-promoting

effect of sleep is limited to sleep periods occurring shortly after

original learning. Heine interpolated 2 to 3 hours of waking between

original learning and Ss' sleep period testing for retention at 24 hours.

McGaugh and Hostetter interpolated 8 hours of waking between original

learning and Ss' sleep period testing for retention at 16 hours. In

neither study did a period of sleep removed from original learning result

in improved recall. It is reasonable to conclude that sleep exerts its

beneficial effect only when it occurs shortly after original learning
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possibly because it minimizes interference during some early but sensitive

stage of consolidation or because it allows the consolidation process to

accelerate so that some higher level of processing is attained than would

be permitted under normal conditions of interference.

Discrepancies among those studies employing an extended Jenkins and

Dallenbach design merit some discussion. The results of our paced and

free recall measures agree with McGaugh's results demonstrating the

superiority of the SLEEP condition over the WAKING condition at 24 hours.

Although the studies by Graves, Gibb as well as Richardson & Gough did not

demonstrate the superiority of the SLEEP condition over the WAKING condi

tion at 24 hours, these studies did show that the SLEEP condition was

superior at extended intervals (48, 72, 96 or 144 hours) and thus support

the notion that sleep confers long-term benefits on memory. It should be

noted that Grave, Gibb, Richardson & Gough and McGaugh employed relearning

as an estimate of retention. The relearning measures employed in the

present study found no differences between the SLEEP and WAKING conditions

at 24 hours...only 16 hours. The differences in the formulation of our

relearning measures and the limitations imposed by the ceiling effect may

have contributed to the different temporal patterns of retention evidenced

in the present study by the paced and free recall measures in contrast, to

relearning measures, and to the discrepancy between our relearning

estimates of retention at 24 hours and those of McGaugh.

Finally, an additional source of variation may lie in the degree of

original learning. Richardson & Gough chose a criterion of 3 perfect

recitations of a serial list of nonsense syllables. They found no

difference in retention between the SLEEP and WAKING conditions at 24
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and 48 hours but the superiority of the SLEEP condition by 144 hours.

Graves, also using a serial list of nonsense syllables, set a criterion

of 2 perfect recitations. She found the SLEEP condition superior to the

WAKING condition at intervals of 72 hours and beyond but no difference

at 24 and 48 hours. In our previous study, we also employed a serial

list of nonsense syllables learned to a criterion of 1 perfect recitation

and found no difference between the SLEEP and WAKING conditions at 24

hours. In the present study, however, Ss underlearned a paired-associate

list and, based on the paced and free recall data, the SLEEP condition

proved superior to the WAKING condition at 24 hours but not at 16 hours.

From the foregoing studies one might conclude that the greater the degree

of original learning, the longer can Ss in the WAKING condition retain a

level of performance matching that of Ss in the SLEEP condition (excluding

the 8 hour test interval) before the SLEEP condition reasserts it superiority.

The most unexpected result in the present study was the improved

recall by Ss in the WAKING condition over the waking period between 8

and 16 hours. This result replicates our previous finding demonstrating

improved recall within the WAKING condition sometime between 8 and 24

hours after original learning, but, contrary to our expectations, can not

be explained by the intervention of a period of sleep. The results

from both of our studies are inconsistent with those of McGaugh who also

tested retention at 8 and 24 hours using a serial list of nonsense

syllables. Instead of finding improved recall over the 8 to 24 hour

interval within the WAKING condition, he noted a slight deterioration

in performance. The discrepancy between our results and those of McGaugh

can't be explained by the type of learning material because the improved
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recall which we observed occurred when we employed a serial list of

nonsense syllables as well as a paired-associate list of highly meaning

ful common nouns.

Our finding of improved recall within the WAKING condition

(subsequent to the decline in performance between original learning and

the 8 hour test interval) bears on two issues: first, the reversibility

of retention deficits and, second, the time span of memory consolidation.

With respect to the former, a parallel might be drawn between our

finding of improved recall and those verbal learning studies demonstrating

the reversibility of first list unlearning following interpolated practice

on a second list within a traditional retroactive inhibition paradigm

(Ceraso & Henderson, 1965; Silverstein, 1967). In this paradigm, second

list recall is superior to first list recall over short intervals but at

longer intervals (24 to 48 hours) recall of the first and second lists

tend to converge. Improved recall on the first list has contributed to

this convergence. In fact, Slamecka (1966) found significant improvement

in first list recall over a 6 to 18 hour retention interval in a paired

associate task.

The retroactive inhibition paradigm and the Jenkins and Dallenbach

paradigm, which we have employed, have somewhat comparable experimental

designs: Ss in our WAKING condition suffer post-learning interference

while Ss in a retroactive inhibition paradigm undergo interpolated

learning; Ss in our SLEEP condition experience minimal post-learning

interference while control Ss in a retroactive inhibition paradigm learn

the first list but not the second. Such a parallel depends on the

validity of the assumption of extra-experimental sources of interference
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within the Jenkins and Dallenbach paradigm.

Improved first list recall within the RI paradigm has not been

a thoroughly reliable phenomenon. Postman, Stark and Fraser (1968) have

suggested that its occurrence might be tied to the amount of extra

experimental forgetting estimated from the level of recall within the

control group. A large amount of extra-experimental forgetting would

mitigate against any improvement in first list recall. With small

amounts of extra-experimental forgetting, spontaneous recovery in first

list recall would be more likely. This suggestion warrants serious

investigation as the source of the discrepancy between our results and

those of McGaugh.

With respect to the second issue, the time span of memory consolida

tion, our results suggest that this time horizon is appreciably wider

than traditional estimates based on animal studies employing ECS. While

ECS data imply a consolidation period on the order of seconds or minutes,

our data suggest that memory traces might fluctuate over a period of

hours and days after original learning... particularly in the case of

memory traces not protected by a period of sleep following original

learning.

The fluctuation of retention scores within the WAKING condition

could be explained in several ways. The analysis of variance examining

the effect of time-of-day on retention did not prove statistically

significant and thus we can not attribute the observed fluctuation in

recall to the influence of Some circadian factor. Neither could we, with

the data on hand, attribute this fluctuation to some state-dependent

process. Superior recall was not consistently related to the occurrence
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of learning and recall at the same time of day. It is possible that a

more complex pattern might have emerged had more retention intervals

beyond 24 hours been tested. Recent animal data have shown fluctuations

in recall over a range of 72 hours with peaks in performance every 12

hours after original learning (Holloway & Wansley, 1973). Were our

design extrapolated to test retention at 8 hour intervals beyond the initial

24 hour period, an analogous pattern might be displayed but this phenomenon

would be limited to the WAKING condition.

Instead of some circadian or state dependent explanation, our data

more strongly suggest that the time span of memory consolidation can be

an appreciably longer process than has been traditionally assumed. These

data are more consonant with those animal studies showing that recall can

fluctuate for many days after original learning... presumably as a

function of changes in synaptic conductivity (Deutsch, Hamburg & Dahl, 1966;

Deutsch & Rocklin, 1967; Wiener & Deutsch, 1968; Huppert & Deutsch, 1969).

In conclusion, a period of sleep which follows shortly after original

learning not only results in a higher level of recall, but one evidencing

less temporal fluctuation over a 24 hour period than that which occurs

when a period of waking follows original learning.
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+ + *k

ITEM CONCRETENESS IMAGERY FREQUENCYf MEANINGFULNESS

AMBULANCE 7.00 6.67 6 7.52
APPLE 7.00 6.73 9 7.67
ARM 6.96 6.53 94 6.92
ARROW 7.00 6.57 14 6.80
BABY 6.90 6.70 62 7.04
BARREL 6.94 6.57 24 6. 16
BIRD 6.96 6.67 31 7.88
BOOK 6.96 6.43 193 7.68
BOTTLE 6.94 6.57 76 7.24
CANE 6.93 6.43 12 7. 48
CAT 7.00 6.80 23 6.76
CHAIR 7.00 6.63 66 7.20
CIGAR 6.96 6.80 10 6.22
CL00K 6.94 6.50 20 7.08
CORN 6.90 6.47 34 6.96
D00R 7.00 6.60 312 7.96
ELEPHANT 7.00 6.83 7 6.88
FIREPLACE 6.96 6.83 6 7.08
FLAG 6.94 6.60 16 6.54
FORK 6.94 6. 57 14 7.08
FOX 7.00 6.73 13 7. 40
HAMMER 6.96 6.73 9 6.92
PENCIL 7.00 6. 37 34 6. 48
PIANO 6.85 6.70 38 6. 40
PIPE 6.90 6.43 20 6. 20
SHOES 7.00 6.63 44 7.52
SNAKE 7.00 6.90 44 6.88
TABLE 7.00 6.50 198 7.60
TREE 7.00 6.77 59 6.79
TRUCK 7.00 6.60 57 6. 48
UMBRELLA 7.00 6.60 8 6.76
WINDOW 7.00 6.37 119 6.76

mean 6.97 6.62 52.25 7.01
Stan. deV. 0.04 0.14 66.62 0.48

*

Norms established by Paivio, Yuille & Madigan (1968).

f Frequency per 1,014,232 words published by Kucera & Francis (1967).
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Session 1 Instructions

(subject arrives, is greeted and shown to a seat)

As I mentioned to you previously, this study is being conducted
in two different sessions. In this first session you will be in
volved in a learning task. In the next session we have scheduled

you will be taking some tests of symbol manipulation. What I'd
like you to do now is to read this consent form and sign it. If
you have any questions I'll try to answer them for you.

(subject reads and signs consent form)

Before we proceed with the learning task, I'd like you to answer
a few questions for me. First, what time did you go to bed last
night? ... How would you describe the quality of that sleep?
... Was it typical? ... Have you had any drugs in the last 72 hours?

. When did you last eat? ... How much did you eat? ... Have
you had any naps today? ... Are you, right now, experiencing any
physical pain or emotional distress? ... Can you summarize for
me what you did since you got up this morning?

Okay, let's go on then to the learning task. What this involves
is the following. I will show you via this slide projector a list

of 16 different pairs of words ... such as HOUSE - DRUM . Each
slide will project one pair for approximately two seconds. First
I will show you all 16 pairs ... one slide after another. As each
pair is projected, I'd like you to read both words of the pair out
loud. After these study trials, there will be 16 test trials. On
the test trials, 16 slides will also be projected but each slide will

show only the first word of a pair. Your task on the test trials
will be to read the first word out loud, and then say, loud enough
for me to hear, the word you remember it being paired with before.
We will alternate 16 study trials during which you will see both
words with 16 test trials showing you only the first word of each

pair until you get a certain number correct on the test trial.
Do you have any questions?



( E. turns off light, turns on projector )

Are you ready?

(E. and S. proceed with learning task)

Let me stop you at this point since you learned the number of word

pairs I intended for you to learn. You did very well. That's all
we're going to do in this session. I'd like you not to think about
what went on in this session or to discuss it with any one. I'd also
like to remind you not to take any drugs before your next session
which will be (. . . . . . . . . . . . . . . . ). Thank you very much.

FOR LEARNING SESSIONS AT NIGHT THE FOLLOWING WAS ADDED.

Please go right back to your own room and go to bed as soon as
possible.

IF SESSION 2 WAS SCHEDULED FOR THE NEXT MORNING, THE FOLLOWING
WAS ADDED.

Please don't eat any breakfast before tomorrow morning's session.

FOR ALL SUBJECTS EXCEPT THOSE IN THE 8HOUR SLEEP GROUP, THE
FOLLOWING WAS ADDED.

Please don't take any daytime naps before our next session.
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Session 2 Instructions

(subject arrives, is greeted and shown to a seat)

What I'd like you to do first is answer a few more questions for me.
What time did you go to bed last night? ...What time did you get
up this morning? ...How would you describe the quality of that
sleep? ... Was it typical ? ... Did you take any drugs since I last
saw you? ... Did you take any maps? ...Are you right now experienc
ing any physical pain or emotional distress? ... Can you summarize
for me what you did since I last saw you?

Before you take the symbol manipulation test I'd like to find out
how well you remember the pairs of words you learned in our last

session. To do that, I will show you lo test slides. That is,
each slide will show only the first word of one of the pairs you

learned. As before, each slide will be projected for approximately
two seconds. For each slide, read out loud the projected word, then
say, loud enough for me to hear, the word you remember its being
paired with.

(E. turns off light, turns on projector)

Are you ready?

(E. and S. proceed with paced recall trial)

That was very good. Now I'd like you to take this paper which has
printed on it the first word of each pair. I'd like you to fill in
the second word. Return it to me when you've filled in all that you
Carl .

( S. proceeds with free recall trial)

Now I'd like you to relearn the list. The procedure will be exactly
the same as it was in the first session. Sixteen study trials



showing both members of a pair will alternate with sixteen test
trials showing only the first word of each pair. As in the first
session, I will stop you when you get a certain number correct.
We will start with a study trial.

(E. turns off light, turns on projector)

Are you ready?

(E. and S. proceed with relearning trials)

That was fine. Let's turn to our test of symbol manipulation. It is
called the Digit/Symbol Substitution Test. Your task is to fill in
under each digit the symbol you find associated with it in the above
sample. I want you to work sequentially from left to right across
each row. Do not skip any. Do the first row, then the second, then
the third etc. You will have ninety seconds to finish as much as
you can. ... Are you ready?

(S. proceeds with Digit/Symbol task)

That's the last test I'll ask you to take. But before you leave I'd
like you to answer a few more questions for me. First, did you
anticipate that you would be asked to recall the list of word in this
second session? ... Did you rehearse the words between sessions?
Did you write any of them down when you left the first session?
Was there any kind of strategy or method you used to learn or recall
the words that you could explain to me? ...Did you feel that I had
deceived you? (if yes, Did that upset you in any way?) What color are
your eyes? ... What is your roommate's name if you have one?
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Subject Screening Questionnaire

NAME DATE OF BIRTH

DORMITORY NAME AND TELEPHONE EXT.

BEST TIME TO BE REACHED SEX

CIRCLE YEAR IN SCHOOL 1 2 3 4 grad MAJOR AREA

NATIVE LANGUAGE HOW MANY ROOMMATES DO YOU HAVE

LANGUAGE IN WHICH YOU ARE MOST FLUENT

HOW MANY HOURS DO YOU SLEEP ON A SCHOOL NIGHT ON WEEKEND

DURING THE SCHOOL WEEK, WHAT TIME DO YOU USUALLY GO TO BED GET UP
HOW OFTEN AND BY HOW MANY HOURS DO YOU DEWIATE FROM THE DESCRIBED

SCHEDULE

D0 YOU TAKE NAPS HOW OFTEN AND FOR HOW LONG

HOW LONG DOES IT TAKE YOU TO FALL ASLEEP

HOW MANY TIMES PER MONTH DOES IT TAKE YOU MORE THAN ONE HOUR TO FALL

ASLEEP DO YOU HAVE ANY SLEEP PROBLEMS SUCH AS INSOMNIA,
SLEEPWALKING OR NIGHTMARES

AT WHAT TIME OF DAY OR NIGHT DO YOU STUDY BEST

ARE YOU CURRENTLY TAKING ANY MEDICATION IF YES, WHAT
DO YOU WAKE UP IN THE MIDDLE OF THE NIGHT IF YES, HOW OFTEN
DID YOU AS A CHILD HAVE ANY KIND OF SPECIFIC LEARNING DISABILITY

D0 YOU CONSIDER YOURSELF A GOOD SLEEPER
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Consent Form

I understand that the procedures involved in this study will require
my taking a series of performance tests assessing speed of learning and
symbol manipulation in relation to my daily activity and sleep habits.
These tests will be administered on two different occasions within one 24
hour period. I consent to have Kate Benson, Ph.D. candidate at U.C.S.F.,
administer these tests and I understand that they involve no risk to my
physical or mental well-being.

I agree to answer questions concerning my schedule and sleep habits
for the 24 hour period preceding my first test session and the 24 hour period
following my first test session.

I agree to provide a list of all medication I am currently taking and
to abstain from all non-prescribed drugs (including alcohol) for a period
of 72 hours before my first test session and until the conclusion of my
Second test session.

I agree to take no daytime naps between my first and second test
Sessions.

I agree that under no circumstances will I discuss this experiment
with anyone other than Ms. Benson.

I understand that all my test scores and any information I provide
will be held in confidence and will not become part of my permanent
academic record or any record outside the experiment.

I understand that I will be paid $5.00 if I complete both test sessions
but only $1.00 if I complete only the first test session.

I understand that this payment will not be in the form of cash but
will be a check which will be sent to me at the address specified below.
This check will be issued by the Weterans Administration Hospital in San
Francisco upon notification by Ms. Benson that I have completed the study.

I understand that I can withdraw from this study at any time without
jeopardizing my academic status.

Subject's Signature

Date

Address to which payment should be sent
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