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Numerous studies have shown that sleep
is crucial both for memory consolidation
and memory enhancement [16, 25, 26]; see
[8] for an overview. Accordingly, sleep loss
seems to lead to impaired memory consol-
idation [16]. As a general observation, re-
activation of memory traces during non-
REM sleep-rich sleep seems particularly
beneficial for the consolidation of declara-
tive memory processes, whereas reactiva-
tion of memory traces during REM sleep-
rich sleep seems to be particularly benefi-
cial for emotional and implicit procedur-
al memory consolidation [18, 27]. More-
over, Smith et al. [22, 23, 24] could repeat-
edly demonstrate that solving an implicit
procedural task, that is, the Tower of Ha-
noi, was associated with increased REM
sleep. However, Piosczyk et al. [17] sum-
marized that different sleep-related pro-
cesses are involved in memory consolida-
tion. Moreover, Stickgold and Walker [27]
showed that for visual texture discrimina-
tion learning, the multiplication of early
night SWS (slow-wave sleep) and late night
REM sleep was predictive for improved
performance. In particular, the amount of
SWS during the first quarter of the night
multiplied by the amount of REM-S dur-
ing the last quarter of the night correlat-
ed strongly and statistically significantly
with the learning improvement (r=0.89).
Therefore, it is believed that memory re-
activation during SWS may lead to a tag-
ging of synapses which are subsequently
strengthened during REM sleep (cf. [18]),
suggesting that both nonREM and REM
sleep might be involved in memory pro-
cessing.
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REM sleep is related to the transfer
of implicit procedural knowledge
following metacognitive learning

A further line of research suggests that
during REM sleep the brain is processing
associative memories rather than consol-
idating memory traces (cf. [27]). Accord-
ing to this view, sleep inspires insight [30]
and the acquisition of implicit knowledge
[9]. If this is true, then one would expect
that processes to enhance the transfer of
implicit procedural knowledge should be
observed after REM sleep. However, the
impact of REM sleep on the transfer of
implicit procedural knowledge is current-
ly not known.

Commonly, transfer is defined as the
successful application of acquired knowl-
edge in response to a task different from
the one during the knowledge acquisition
situation [28]. Moreover, achieving trans-
fer is easier when similarity of surface fea-
tures of the learning and transfer tasks is
high (proximal transfer) than when simi-
larity is low (distal transfer) [29]. In a pre-
vious study we could show that proximal
and distal transfer was enhanced after
metacognitive stimulation [4]. The term
metacognition refers to the knowledge
with which implicit procedural knowl-
edge is applied (“knowing how to do’; cf.
[7 15]). Participants in our previous study
improved the transfer of implicit proce-
dural knowledge after the use of metacog-
nition, that is, after the use of knowledge
with which implicit procedural knowl-
edge is applied. Most importantly, the use
of metacognition implicitly enhanced the
understanding of the deep structure of
problems, i.e., it facilitated an accurate
grasp of the problem structure and the
underlying problem solving algorithm,
though without explicit knowledge.
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In the present study, we combined
both the beneficial effect of metacogni-
tion for the transfer of implicit procedur-
al knowledge and sleep to further facili-
tate cognitive processes. The aim of the
present study was, therefore, to explore
the impact of sleep on the transfer of im-
plicit procedural knowledge after meta-
cognitive stimulation, where metacogni-
tive stimulation is understood as a set of
questions to enhance metacognition (see
Procedure for more details). Two hypoth-
eses were formulated: first, in a previous
study, we could show that both proximal
and distal transfer of implicit procedural
knowledge was increased after metacog-
nitive stimulation [4]; thus, we expected
to replicate these results. Second, follow-
ing Stickgold and Walker [27], Fischer et
al. [9], and Smith et al. [22, 23, 24] during
REM sleep the brain is processing associa-
tive memories and memory processes re-
lated to procedural knowledge; therefore,
we expected that the transfer of implicit
procedural knowledge should be associ-
ated with increased REM sleep.

Method
Sample

A total of 21 right-handed young adults
(mean age in years: M=19.49; SD=0.87)
took part in the study. To reduce the in-
fluence of confounding variables, only fe-
male participants were recruited. They
were recruited from a high school in Ba-
sel, Switzerland. First, participants were
informed about the aims and the proce-
dure of the study, and written informed
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Tab. 1 Descriptive overview of the sleep variables related to the baseline and the assessment night, separated by learning condition

(with and without metacognitive stimulation). A statistical overview of the sleep variables shows the relationship between the baseline
and the assessment night, separated by learning condition (with and without metacognitive stimulation)

Baseline night Assessment night Factor time Factor group Time by group inter-
action

Without MC  With MC WithoutMC  With MC F n? F n? F n?

n=11 n=10 n=11 n=10
SPT (min) 414.43 (11.49) 412.50(18.29) 415.00(8.94) 416.10(13.43)  0.81 0.041 037 0.042 0.06 0.003
TST (min) 408.75(11.09) 407.15(11.21) 410.81(9.98) 409.80(9.92) 0.56 0.011 026 0.021 0.01 0.001
SE (%) 95.70 (0.46) 94.61 (2.58) 96.11 (0.94) 95.60 (1.42) 0.12 0.001 0.14 0.015 0.03 0.002
SOL (min) 4.59(3.19) 4.40 (2.78) 4.54(2.82) 3.86 (2.44) 1.56 0.045 098 0.031 8.83" 0.256
WASO (number)  3.50(1.63) 4.10(0.32) 2.63(0.45) 2.90(0.52) 18.83™ 0495 1.64 0.081 0.36 0.001
WASO (min) 12.78 (2.65) 16.35(10.68)  8.98(2.05) 7.03 (4.56) 12.34" 0.125 2.01 0.090 14.56" 0.25
Stage 1 (min) 7.41 (1.60) 11.20(3.32) 5.13(1.02) 5.35(1.76) 61.83™ 0765 222" 0275 11.99" 0.387
Stage 2 (min) 180.59 (37.74) 179.00(21.54) 160.10(20.98) 156.70(10.28)  31.39™ 0.623 0.059 0.003 0.056 0.003
Stage 3 (min) 32.13(10.23)  27.15(3.67) 29.45(9.22) 25.10(3.28) 48.07™ 0.717  2.08 0.098 0.857 0.043
Stage 4 (min) 88.21(18.20)  79.75(7.28) 90.55 (17.53) 82.10(6.10) 18.80" 0497 1.99 0.095 0.000 0.000
REM-S (min) 101.18(9.39)  94.81(38.43)  106.00(9.59) 13490(30.77) 18644 0908 1.09 0.054 115.01""  0.858
REM-SL (min) 105.93(35.76) 97.20(27.69)  115.08 (40.10)  84.40(19.28) 0.70 0.036 398" 032 2552 0.573
MC metacognitive stimulation, SPT sleep period time, TST total sleep time, SE sleep efficiency, SOL sleep onset latency, WASO wakening after sleep onset, REM-S rapid
eye movement sleep, REM-SL rapid eye movement sleep latency. Degrees of freedom: always (1, 19). "p<0.05; “p<0.01;"p<0.001.

consent was obtained. The study was per-
formed in accordance with the ethical
standards laid down in the Declaration of
Helsinki. Second, participants completed
four questionnaires focusing on depres-
sive symptoms [31], sleepiness during the
day (ESS [12]), and sleep complaints (ISI
[2]). For the depression and sleepiness
questionnaires, scores had to be within
the range of healthy normative adult pop-
ulations as indicated by the textbooks of
the questionnaires (that is to say: Depres-
sion scale: healthy people: x<8 (range=o0-
48) points; for the sleepiness scale: x<6 out
of 18 points). For the Insomnia Severi-
ty Index (ISI), no scores were expected
with regard to difficulties to initiate sleep,
to maintain sleep, to wake up early in the
morning, or to suffer from a reduction of
performance related to sleep. The partici-
pants then completed the Horne and Ost-
berg questionnaire related to the chrono-
type [1] to assure that all participants be-
longed to the same chronotype; in our
case, all participants were so-called larks,
that is to say: they preferred to go to bed
rather early in the evening and to get up
rather early in the morning (median: 10;
range=y-13 on a scale ranging from 7-28
points; range for larks <14 points).

Third, since the task of a high-school
graduate consists mainly in acquiring (de-
clarative) knowledge, participants were
included who indicated to have suffi-

cient, but not extraordinarily low or high
marks. In doing so, sleep alterations due
to “job-related” strain should be avoid-
ed. Fourth, participants had to indicate
that they were never previously exposed
to the tasks. In addition, the high-school
teachers for mathematics and psychology
assured that they have never introduced
and solved the tasks during class. Fifth, a
brief psychiatric interview was conducted
to ensure that participants did not suffer
from any psychiatric and sleep disorder,
such as obstructive breathing, snoring or
sleepwalking, RLS and PLMS. Sixth, only
participants who reported not using any
mood and memory-enhancing substanc-
es, such as methylephenidate or modafinil,
were included. Moreover, 2 weeks prior
to the start of the study, participants were
asked to reduce a possible intake of any
sleep- and mood-altering substances (al-
cohol, caffeine, nicotine, cannabis) and to
stop the intake during the period of the
sleep-EEG recordings. Of the 30 female
candidates approached, 23 met the crite-
ria (76.67%; 3 were familiar with the tasks
or with similar tasks; 4 reported current
sleep complaints). Two participants with-
drew from the study; thus, the sample
consisted of 21 female participants (70%).
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Study design

First, participants were randomly assigned
to one of two experimental conditions:
the implicit procedural tasks in the learn-
ing phase had to be solved either with
(n=10) or without metacognitive stim-
ulation (n=11; see explanations below).
Second, two nights of polysomnograph-
ic sleep registration were followed in the
sleep lab. To avoid changes in sleep pat-
terns due to hormonal changes, all sleep-
EEG recordings were performed during
the second half of the menstrual cycle of
the female participants. Prior to the sleep
registration, participants did not perform
any strenuous physical activity. The first
sleep-EEG registration night was a base-
line night. The portable sleep-EEG de-
vice was applied at 8:30 p.m. Afterwards,
participants could read or complete their
homework. At 10:15 p.m. they went to bed
and the lights were turned off 15 min lat-
er. In the morning, participants were wo-
ken at 6:00 a.m,, if they did not wake up
spontaneously. The baseline night was in-
troduced, first, to assure that subjective
sleep indication also matched polysomno-
graphic sleep assessment, and second, to
check whether objectively assessed sleep
between the two experimental conditions
differed systematically. This, however, was
not the case (B Tab. 1). The assessment
night was scheduled as follows: first, the
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portable sleep-EEG device was applied at
8:30 p.m. At 8:45 p.m., participants com-
pleted the tasks of the learning phase (see
details below). Depending on the exper-
imental condition, they had to solve the
Tower of Hanoi problem (ToH) with or
without metacognitive stimulation. The
entire learning phase lasted for no more
than about 15 min. Then, participants went
to bed, and the lights were switched off at
about 10:30 p.m. In the morning, identi-
cal to the study of Rauchs et al. [19], there
was a 15-min interval between waking and
solving the transfer executive tasks, as de-
scribed in detail below.

Materials

Three different tasks were used in the
course of the experiment: (1) the Tower of
Hanoi problem (ToH; e.g., [21]), the goal of
which is to move a pyramid of variously
sized disks from one peg to another. On-
ly one disk can be moved at a time and
it can never be placed on a smaller disk
(B Fig. 1). Strictly, although the Tower of
Hanoi problem is not a “pure” procedur-
al task (see [23]), the task has undoubtedly
very large procedural components, to the
extent that solving the task takes place un-
consciously (cf. [24]). (2) In the Hobbits
and Orcs problem (HOP), the goal is to get
three Hobbits and three Orcs across a riv-
er in a boat. The boat, however, has room
for only two people and there must never
be more Orcs than Hobbits on either side
of the river (B Fig. 2; for a more detailed
description of the Hobbits and Orcs Prob-
lem, see [25]. Note that The Hobbits and
Orcs Problem is also known as Missionar-
ies and Cannibals Problem). (3) The goal
of the Katona Card problem (KC; [3, 4, 14])
is to order a stack of six playing cards so
that when they are dealt, they appear in
ascending order. When dealing the cards,
every second card is returned to the bot-
tom of the stack. The challenge posed by
this problem is to define the sequence of
the cards in the stack (B Fig. 3).

Procedure

In the learning phase, participants were
required to solve a ToH with three, four,
and five disks. While the group of par-
ticipants without metacognitive stimula-
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Abstract

Objective. The hypothesis that REM sleep is
also related to the transfer of implicit proce-
dural knowledge was tested.

Methods. A total of 21 female adults (mean
age: 19.49 years) took part in the study. After
a baseline night, participants were random-
ly assigned to one of two conditions to solve
a cognitive procedural task (Tower of Hanoi
problem; ToH); on the evening of the assess-
ment night, one group solved the cognitive
procedural task with and one group solved
the task without metacognitive stimulation.
The morning after the assessment night, par-
ticipants solved three further transfer tasks
(ToH with more disks; the Hobbits and Orcs
problem; Katona's card problem).

Results. Participants with metacogni-

tive stimulation showed an increased per-
formance in all three transfer tasks. More-
over, these participants had a significantly in-
creased REM sleep.

Conclusion. REM sleep seems to be relat-
ed to metacognitively acquired implicit pro-
cedural knowledge. The transfer of the ac-
quired implicit procedural knowledge does
not seem to be limited to structurally simi-
lar tasks.

Keywords

Metacognition - Transfer - Implicit knowl-
edge - Procedural knowledge - REM sleep -
Sleep architecture

REM-Schlaf mit Transfer impliziten prozeduralen
Wissens nach metakognitivem Lernen assoziiert

Zusammenfassung

Hintergrund und Fragestellung. REM-
Schlaf-reicher Schlaf wird mit der Verar
beitung von implizitem und vor allem von
prozeduralem Wissen assoziiert. Die Hypo-
these wurde gepriift, ob REM-Schlaf auch mit
dem Transfer von implizitem prozeduralem
Wissen assoziiert ist, um ahnliche und unahn-
liche Problemldseaufgaben zu l6sen.
Studiendesign. An der Studie nahmen

21 junge Frauen (Alter: 19.49) teil. Nach ein-
er Baseline-Nacht wurden die Teilnehmen-
den nach Zufallsprinzip 2 Bedingungen zu-
geordnet, um eine prozedurale Lernaufgabe
(Turm von Hanoi; TvH) zu |6sen; am Abend
der Assessment-Nacht erlernte eine Gruppe
die Aufgabe mit, die andere Gruppe erlern-
te die Aufgabe ohne metakognitive Stimula-
tion. Am Morgen nach der Assessment-Nacht
|6sten alle Teilnehmenden 3 Transferaufga-
ben (TvH mit mehr Scheiben; Hobbits-und-

Somnologie - Schlafforschung und Schlafmedizin 3 - 2010 ‘ 215

Orcs-Problem; Katonas Kartenproblem), die
sich hinsichtlich der Oberflachenstruktur von
der Lernaufgabe unterschieden.
Ergebnisse. Teilnehmende zeigten nach
metakognitiver Stimulation verbesserte
Transferleistungen; diese Leistungen waren
mit einer Zunahme an REM-Schlaf assoziiert.
Schlussfolgerung. REM-Schlaf scheint mit
dem Transfer von metakognitiv erworben-
em prozeduralem Wissen assoziiert zu sein.
Die Transferleistungen zeigten sich vor allem
auch bei jenen Transferaufgaben, die in ihrer
Oberflachenstruktur der Lernaufgabe nicht
ahnlich waren.

Schliisselworter

Metakognition - Transfer - Implizites Wissen -
Prozedurales Wissen - REM-Schlaf - Schlafar-
chitektur



Original Contribution

Moves Left-hand peg Intermediate peg Right-hand peg
A
B
Start C - -
B
Move 1 C - A
Move 2 C B A
A
Move 3 C B -
A
Move 4 - B C
Move 5 A B C
B
Move 6 A - C
A
B
Move 7 and stop - - C

Fig. 1 A Graph to solve the Tower of Hanoi problem (ToH) with three disks. A small disk, B middle disk,

Clarge disk

tion had only the ToH rules explained to
them, those in the group of participants
with metacognitive stimulation were also
asked to answer the following three ques-
tions out loud and in the order 1-2-3 [3, 4]
before each move: (1) “How are you decid-
ing which disk to move next?”, (2) “How
are you deciding where to move the next

disk?”, (3) “How do you know this is a
good move?”, i.e., the participants with
metacognitive stimulation had to report
on their own thinking. Note that these
participants had to listen to and answer
a question before each move. Hence, they
needed more time for each move (cf. [3,

4]).
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The next morning all participants were
asked to solve the following three trans-
fer tasks without metacognitive stimu-
lation: one ToH executive task with six
disks (structurally similar executive trans-
fer task), the HOP and KC (structurally
dissimilar executive transfer tasks). Par-
ticipants were instructed to perform the
transfer tasks as accurately as possible.
What all these tasks have in common
is that they can be solved by a recursive
strategy in which the problems are suc-
cessively broken down into subgoals and
hence simplified. The ToH with six disks
was a structurally similar executive trans-
fer task, because it differed from the learn-
ing executive task only in the number and
the position of the disks, but not in the re-
cursive strategy to solve it. The HOP and
KC are solved with the same recursive
strategy, although they do not have any
surface features in common with the ToH
tasks in the learning phase; therefore, they
can be described as structurally dissimilar
transfer tasks.

The ToH tasks were solved as soon as
the given tower was on the right-hand
peg. Participants were allowed to correct
their moves by moving the same disk sev-
eral times. What participants were not al-
lowed to do, however, was to go back to
the beginning and start solving the prob-
lem all over again. In the HOP and KC
tasks, on the other hand, participants had
to succeed by demonstrating the right so-
lution without being able to reverse any
of the moves made. If the suggested solu-
tion did not lead to the goal, the partici-
pant was asked to start all over again. The
number of moves required for the solu-
tion of the ToH executive tasks and the
number of trials for the HOP and KC ex-
ecutive tasks were recorded as dependent
variables. The reason for this last variable
is that both the HOP and KC problems are
what are known as well-structured prob-
lems that allow only one possible solution
and require a specific sequence of sub-
moves (cf. [25]). In addition, a stopwatch
was used to record the time required to
solve each problem (see also Brand et al.
[4]; all dependent variables are shown in
O Tab.2).



Sleep recording

An ambulatory EEG-system was applied
(Oxford Medilog; electroencephalogram:
C3-A2, C4-A1, electromyogram: two elec-
trodes at the chin, electrooculogram: two
electrodes at the right and left side). Re-
cordings were scored off-line by two expe-
rienced and independent staff members of
the sleep lab, following the scoring param-
eters of Rechtschaffen and Kales [20].

Parameters regarding sleep continuity
(total sleep time, sleep period time, sleep
onset latency, REM-sleep latency, sleep ef-
ficiency, number and time of awakenings
after sleep onset) and sleep architecture
(percentage and time spent in stages 1, 2,
3, 4; light sleep as aggregation of stages 1
and 2; slow wave or deep sleep as aggre-
gation of stages 3 and 4; REM sleep) were
collected shown in @ Tab. 2.

Statistical analyses

A series of ANOVAs with the factors
group (with vs. without metacognitive
stimulation) and time (first vs. second
night) was performed to calculate dif-
ferences of objective sleep variables be-
tween the two groups with regard to the
baseline and the assessment night. A se-
ries of t-tests was performed to calculate
the differences of performance related to
the tasks.

Correlations were performed with
Pearson’s 7.

Test results with an alpha error of be-
low o.05 were reported as significant.
However, we emphasized the effect sizes
(d) (Cohen [s, 6]). Effect sizes for t-tests:
0.49>d>0.20 indicate small (i.e., negligi-
ble practical importance), 0.79=d>o0.50
indicate medium (i.e., moderate practical
importance), and d>o0.80 indicate large
(i-e., crucial practical importance) ef-
fect sizes. Effect sizes for ANOVAs (par-
tial eta squared [n?]): 0.059=n*>0.01 indi-
cate small (i.e., negligible practical impor-
tance), 0.13921220.06 indicate medium
(i.e., moderate practical importance), and
n?20.14 indicate large (i.e., crucial practi-
cal importance) effect sizes.

Left shore Position of the boat Right shore
1. HHH 000 b -
2. HH 0O b HO
3. HHH OO b (o)
4. HHH b 000
5. HHHO b 00
6. HO b OO HH
7. HOHO b HO
8 00 b HH HO
9. 000 b HHH
10. (o) b HHH OO
1 00 b HHH O
12. = b HHH OO0

Fig. 2 A Graph to solve the Hobbits and Orcs problem (HOP). H Hobbit, O Orc, b boat

stack cards put on the table
1T — 1
4. ?
2 —— 2
o ?
3 — » 3
® 7
Fig. 3 » Complex rep- > 4 > 4
resentation used to
g
solve Katona's Card ————e  ?
problem. To solve the
executive problem, the > 5 > 5
cards are put in the fol-
lowing order on the > 6 > 6

stack: 1,4,2,6,3,and 5

Results

Sleep parameters between the
baseline and the assessment night,
between and within the two groups

The descriptive and statistical overview of
the sleep variables of the baseline and as-
sessment night, separated by the learning
condition are shown in @ Tab. 1.

For the baseline night, no differenc-
es in sleep parameters between the two
groups were observed.

From baseline to assessment night
(factor Time), WASO (number, min), S1,
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S2, and S3 decreased, while S4 and REM-
S increased.

Compared to the group without meta-
cognitive stimulation, the group with
metacognitive stimulation (factor Group)
showed more S1 and a shortened REM-S
latency.

The time by group interaction revealed
that in the group with metacognitive stim-
ulation, from the baseline to the assess-
ment night, and compared to the group
without metacognitive stimulation, SOL,
WASO (min), and S1 decreased, REM-
S increased and the REM-S latency was
shortened.
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Tab.2 Performance during the learning and the transfer phase, separated by the condi- and the performance of the transfer phase

(all rs<o0.15, p>0.1).

tion of the learning phase (with or without metacognitive stimulation)

Performance of the learning
and transfer phases

The performance of the learning phase in
the evening and the transfer phase in the
morning (separate for the two groups) are
summarized in @ Tab. 2.

Descriptively, the group with metacog-
nitive stimulation needed fewer moves to
solve the ToH with three, four, and five
disks in the learning phase. As mentioned
above (cf. [3, 4]), these participants need-
ed more time to solve the tasks because
they had to listen to and answer a ques-
tion before each move.

In the transfer phase, the group with
metacognitive stimulation needed few-
er moves and trials to execute the proxi-
mal (ToH with six disks) and distal trans-
fer tasks (HOP, KC). Moreover, the group
with metacognitive stimulation generally
needed less time to execute the tasks.

Correlations between the sleep

parameters of the second night

and performance in the transfer
phase, separated by group

While no correlations were found for the
group without metacognitive stimula-
tion between the parameters of the sec-
ond sleep night and the performance of
the transfer phase (all rs<o0.30, p>0.1), in
the group with metacognitive stimulation,
REM sleep (min) and performance in the
transfer phase were statistically correlated
(ToH: moves; r=—0.45, p<0.05; HOP: tri-
als; r=—0.46, p<o.0s; KC: trials; r=—0.50,
p<o0.05); i.e., fewer moves and fewer trials
were associated with an increase in REM-
S. No significant correlations were found
for the time to solve the transfer tasks (all
1$<0.10, p>0.1), nor between sleep-related
variables, such as S1 to S4, SOL, WASO,
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Conditions Statistics

Without metacog-  With metacogni- t-tests d Discussion

nitive stimulation  tive stimulation
n 1 10 The key findings of the present study are
Learning phase in the that metacognitive stimulation enhanced
evening the transfer of implicit procedural knowl-
ToH3 edge and that this enhancement was relat-
Moves/7' 1.74 (1.30) 1.00 (0.00) 1(19)=1.28, p=0.237 0.81 ed to significantly increased REM sleep.
Time (s)/moves 4.30(2.50) 23.30(7.00) t(19)=—5.68,p<0.000  3.61 Two hypotheses were formulated and
ToH4 each of these is now considered in turn.
Moves/15' 2.23(1.14) 1.31(0.29) t(19)=1.75, p=0.118 1.11 First, we hypothesized that partici-
Time (s)/moves 2.50 (1.00) 16.50 (5.30) t(16) =—5.84, p<0.000  3.67 pants with metacognitive stimulation
ToH 5 would show an improved transfer of im-
Moves/31 1.34(0.07) 1.22(0.06) 1(19)=0.92,p=0.383  1.84 plicit procedural knowledge, and the re-
Time (s)/moves 2.00(0.70) 21.60(12.10) t(19)=-3.60,p=0.007  2.29 sults confirmed this assumption. Thus,
Transfer phase in the acquiring the “knowing how” seemed to
morning be beneficial for solving further tasks with
Proximal transfer task the identical inherent recursive executive
ToH 6 strategy, however, with different surface
Moves/63' 2.22(0.23) 1.23(0.06) (19)=9.21,p<0.001  5.89 features. Moreover, the pattern of results
Time (s)/moves 8.20 (5.40) 2.70(0.70) 1(19)=2.25, p=0.055 143 fits well with previous findings (3, 4].
Distal transfer task Second, we hypothesized that an in-
Hobbits and Orcs creased transfer of implicit procedural
Trials 3.40(0.89) 1.00 (0.00) (19)=6.00,p<0.001  3.82 knowledge is related to REM sleep, and
Time (min)/trials 11.63(1.71) 8.17 (5.41) t(19)=1.38,p<0.001  0.86 this second assumption could also be con-
Katona's card problem firmed: compared to the control group,
Trials 2,60 (0.55) 1.20(0.45) 1(19)=4.43,p=0003  2.79 the group with metacognitive stimulation
Time (min)/trials 932(5.27) 834 (6.34) t(19)=0.26,p=0799 017  displayed highly increased REM sleep.
ToH Tower of Hanoi, ToH 3 Tower of Hanoi with three disks. 1 The minimum of moves is calculated with the This finding adds to the results from stud-
following formula: y=29%~1. The ratio of the excess moves to the minimum number of moves allows a com- ies showing that REM-rich sleep promotes
parison of the results in different ToH tasks. the solving of complex cognitive tasks [9,

18, 22, 23, 24, 26, 27]. Our findings also
correspond with the evidence that dur-
ing REM sleep the brain is processing as-
sociative memories [26]. Importantly, the
pattern of results suggests that REM sleep
was related to metacognitively acquired
solving of complex cognitive tasks to facil-
itate postsleep solving of other similar and
dissimilar complex cognitive tasks. More-
over, REM-sleep latency was shortened in
the group with metacognitive stimulation
compared to the control group; this result
suggests that REM-sleep onset occurred
earlier during the nonREM-rich stage of
sleep. In this view, it seemed that the SWS/
REM ratio did shift in favor of the REM
sleep in those participants with previous
metacognitive stimulation.

Tucker and Fishbein [28] have shown
that the enhancement of declarative mem-
ory performance after sleep is associated
with the initial task acquisition, that is to
say: the better one consciously learns be-



fore sleeping, the better she or he is able
to apply this knowledge after sleeping. We
may add that this pattern refers also to im-
plicit solving of complex cognitive tasks, if
we assume that REM sleep was related to
the solving of complex cognitive tasks of
participants whose initial task acquisition
was increased via procedural metacogni-
tive stimulation.

Several issues have to be raised against
overgeneralizing the findings. First, ex-
clusively female participants took part
in the study; thus, the results may not be
transferable to male participants. Second,
there is evidence that practising nov-
el tasks seems to lead to increased REM
sleep [10]; thus, the increase of REM sleep
in the group with metacognitive stimula-
tion might rather reflect the response to
novelty than the processing of previously
acquired executive functioning. However,
if this was true, one would have also ex-
pected a similar sleep pattern in the con-
trol group. Third, the results may be due
to molecular and neuroendocrine vari-

ables not assessed. Although the female
participants were thoroughly assessed and
possible confounding variables, e.g., cog-
nitive abilities, previous exposure to sim-
ilar tasks, menstrual cycle, strain, chro-
notype, and affect, were rigorously con-
trolled, other confounding variables, such
as creativity, motivation and physiological
processes, cannot be excluded. However,
these issues may be addressed for every
study in the field, and thus rather reflect a
methodological issue of general concern.
Fourth, REM sleep was not experimental-
ly manipulated. Therefore, we understand
the present study as a preliminary exper-
iment, which may promote other investi-
gations. In addition, since we were main-
ly interested in the dichotomy between
the acquisition of the learning task with
or without metacognitive stimulation,
neither a control group nor a wake con-
trol condition was introduced, which may
be regarded as a further limitation. Fifth,
although the tasks (ToH, HOP, KC) are
quite well-known in cognitive psycholo-
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gy related to problem solving and exec-
utive functioning, to our knowledge, the
HOP and KC have been applied for the
first time as a paradigm to assess sleep-re-
lated cognitive processing. Thus, the pres-
ent results and the present study design
need replication. With regard to the ToH,
Smith et al. [22, 23, 24] repeatedly demon-
strated that solving an implicit procedural
task, such as the ToH, was associated with
increased REM sleep. Moreover, we could
not assess the cognitive processes: Where-
as it seems conceivable that participants
acquired the implicit strategy to grasp the
inherent algorithm to solve the proximal
and distal transfer tasks, one may object
as an alternative explanation that partic-
ipants learned implicitly to approach the
transfer tasks while applying metacogni-
tive thinking. Therefore, it might be ar-
gued that the better results in the group
with metacognitive stimulation were due
to a prolonged learning phase (@ Tab. 2).
However, this prolonged learning phase
was due to the fact that the participants
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with metacognitive stimulation had to lis-
ten to questions and answer them before
moving a disk. Hence, it is not surpris-
ing that these participants needed more
time. Moreover, the change in sleep vari-
ables between the baseline and the assess-
ment night might be due to the so-called
first night effect. However, if this were the
case, one would also expect similar sleep
patterns in the control group. Finally, our
data do not fit well with the results show-
ing that SWS and REM sleep deprivation
does not affect sleep-dependent memory
consolidation [11], emphasizing that de-
clarative and procedural memory consol-
idation during sleep might be more com-
plex.

Conclusion

The pattern of results suggests that REM
sleep seems to be related to the meta-
cognitively acquired solving of complex
cognitive tasks. Importantly, the trans-
fer of the acquired way to solve the com-
plex cognitive tasks did not seem limited
to structurally similar tasks, since trans-
fer effects were also observed for struc-
turally dissimilar tasks. Given that psy-
chotherapeutic treatment, among oth-
er goals, focuses on enhancing “think-
ing about the thinking” [13], implica-
tions of metacognitive strategies relat-
ed to sleep should be further investigat-
ed in patients suffering from psychiatric
disorders.
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