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Brief Communication

Sleep deprivation and Pavlovian fear conditioning
Denise J. Cai,1,3 Tristan Shuman,1 Elizabeth M. Harrison,1 Jennifer R. Sage,1 and Stephan
G. Anagnostaras1,2

1Molecular Cognition Laboratory, Department of Psychology, University of California, San Diego, California 92093-0109, USA;
2Program in Neurosciences, University of California, San Diego, California 92093-0109, USA

Sleep has been suggested to play a role in memory consolidation. Prior rodent studies have used sleep deprivation to
examine this relationship. First, we reexamined the effects of sleep deprivation on Pavlovian fear conditioning. We found
that the deprivation method itself (i.e., gentle handling) induced deficits independent of sleep. Second, we examined an
alternative method of sleep deprivation using amphetamine and found that this method failed to induce amnesia. These
data indicate that sleep deprivation is a problematic way to examine the role of sleep in memory consolidation, and an
alternative paradigm is proposed.

A growing body of evidence suggests that sleep plays a role in
memory consolidation, although the exact nature of this relation-
ship remains unclear. In human studies, sleep-deprived subjects
typically have impaired memory retention (Bonnet and Arand
1995; Arnold et al. 1997; Carter et al. 2003). This impairment,
however, may be caused by non-sleep factors associated with the
method of deprivation, such as stress. Sleep deprivation in
humans can cause physiological stress, marked by stomach ulcers
and elevated cortisol (Mullington et al. 2009), that could interfere
with memory (Sapolsky 2004). Moreover, the fatigue associated
with sleep deprivation may produce performance deficits, even
after a night of recovery sleep. One recent imaging study found
that it takes more than one night of recovery sleep for the human
brain to return to normal use of its neural network (McKenna
et al. 2009). This suggests that sleep deprivation produces
changes in brain state that could impair normal consolidation or
retrieval.

To avoid these confounds, many researchers have turned to
a more naturalistic method of allowing normal sleeping or waking
periods to pass between training and test. Typically, a sleep group
is trained at night and tested in themorning after a period of sleep,
while an awake group is trained in the morning and tested in the
evening after an equivalent delay interval. Recall is often better
after a night of sleep (Ellenbogen et al. 2006; Nishida et al. 2009).
This alternative method successfully circumvents the confounds
of sleep deprivation; however, most animal studies continue to
use sleep deprivation to explore the effects of sleep on memory
consolidation.

Early studies deprived animals of sleep by placing them on
a rotating disk or on top of an inverted partially submerged flower
pot over water (Dement et al. 1968; Van Hulzen and Coenen 1979;
Murison et al. 1982; Rechtschaffen et al. 1989). These methods of
sleep deprivation have been highly criticized for their potentially
stress-inducing side-effects (Horne and McGrath 1984; Smith
1985; Vertes and Eastman 2000). Recent sleep deprivation studies
have utilized a gentler approach—handling the animals during
sleep. However, even this handling method has been shown to
induce stomach ulcerations (Murison et al. 1982) and increased
levels of glucoccorticoids, which can impair cognition (Plihal et al.
1996; Sapolsky 2004). In fact, long-term potentiation is dimin-
ished in area CA1 from sleep-deprived rats, and this correlates with

increased corticosterone levels (Campbell et al. 2002). Finally,
because sleep is a homeostatic drive, the buildup of sleep debt is
likely stressful in itself (Roehrs et al. 1990; Carter et al. 2003;
Anderson and Horne 2008). Thus, while the rodent sleep depri-
vation literature suggests that sleep is important for memory
consolidation, it is unclear whether these effects are caused by
the absence of sleep or by non-sleep-related consequences of
deprivation.

An ideal task to examine the relationship between sleep and
memory consolidation is Pavlovian fear conditioning, in which
a tone is paired with a shock in a distinct context. After a single
pairing, rodents will exhibit fear when presented with the training
tone, or when returned to the training environment. This latter
phenomenon, known as contextual fear conditioning, has gar-
nered considerable interest because it is hippocampus-dependent
and has become a prominent rodent model of declarative memory
(Anagnostaras et al. 1999, 2000, 2001, 2002a). Pavlovian fear
conditioning is well-suited for the examination of the role of sleep
and memory because it is rapidly acquired and can dissociate
between hippocampus-dependent and -independent memory.
Consistent with human declarative memory, contextual fear
gradually becomes independent of the hippocampus, as this
memory is consolidated to neocortical structures (Maren et al.
1998; Anagnostaras et al. 1999; Frankland et al. 2004; Quinn et al.
2008). This consolidation process is thought to reflect coordinated
activity whereby fast-changing connections in the hippocampus
initially subserve the memory, and over time entrain slow-chang-
ing connections in the neocortex, at which time the hippocampus
is no longer necessary to maintain the memory (Squire and
Alvarez 1995). In contrast, tone (cued) fear is independent of the
hippocampus (Anagnostaras et al. 2001), yet both contextual and
cued fear memory depend on the amygdala for the animal’s
lifetime (Gale et al. 2004).

Graves and colleagues examined the effects of sleep depriva-
tion on Pavlovian fear conditioning (Graves et al. 2003). They
found that sleep deprivation impaired performance only when
administered immediately following training. Several issues make
their data difficult to interpret. First, all three groups (non-sleep-
deprived, sleep deprived immediately after training, and sleep
deprived 5 h after training) were trained and tested in the main
sleep period (Fig. 1A). Training the animals during their main sleep
period likely induced sleep deprivation in all groups, including the
Non-Sleep-Deprived group. Moreover, testing mice during this
phase is equally problematic (Chaudhury and Colwell 2002). Sec-
ond, the animals were tested within 24 h of the sleep deprivation,
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and performance deficits could result from residual fatigue (Rickard
et al. 2008; McKenna et al. 2009). Third, there was no ade-
quate control for the sleep deprivation method used, to demon-
strate that it was lack of sleep per se that produced the deficit.
Therefore, it is still unclear whether the impairments observed
with sleep deprivation are due to the lack of sleep or to other non-
sleep-related effects.

In experiment 1, we expanded on the findings of Graves et al.
(2003) and used a design that addresses the confounds listed
above, to reexamine how sleep deprivation by gentle handling,
and the handling manipulation itself, affects memory consolida-
tion. In experiment 2, we examined an alternativemethod of sleep
deprivation by administering two spaced injections of a moder-
ately high dose of amphetamine.

Subjects
Sixty-seven (Exp 1) and 65 (Exp 2) hybrid C57BL/6Jx129T2SvEms/
J (Crawley et al. 1997; Matynia et al. 2008) male and female mice
( Jackson Laboratory, Bar Harbor, ME) were balanced across groups.
Mice were entrained to a 12:12 light/dark cycle. All animals were
handled five times for 1 min each in both the dark and light
phases.

Experiment 1
Pavlovian fear conditioning was conducted 1 h before the primary
sleep period (Fig. 1B). Mice were placed in a fear conditioning
chamber (see Conditioning Contexts in Cai et al. 2009; Wood and
Anagnostaras 2009) and, after a 2-min baseline, received one tone
(2.8-kHz, 30-sec, 85-dB) footshock (2-sec, 1.0-mA, AC) pairing;
they remained there for an additional 5 min extended post-shock

freezing test. Mice then received one of three treatments. The
Control group was undisturbed in their home cage until testing 72
h later. The Sleep/Handle groupwas sleep deprived throughout the
entire subsequent sleep phase, by gentle handling. Specifically,
experimenters continuously observed the animals (with dim red
head-mounted LED lights) and gently prodded the mouse when-
ever it was falling asleep. Sleep was defined as a lack of motion
(except that required for respiration) and the eyes closed. To
control for non-sleep-related effects from handling, the Awake/
Handle group was handled throughout the entire subsequent
awake period, beginning 12 h after training. This group was gently
handled once every 15min during their awake phase. Freezing was
measured according to an automated algorithm (Wood and
Anagnostaras 2009). A one-way ANOVA revealed no group differ-
ences during training (F(2,64) < 1, n.s.), and all groups exhibited
significant learning (F(9,64) = 17.5, P < 0.001; Fig. 2A).

Contextual fear was examined 72 h after training by return-
ing them to the conditioning chamber for 5 min (Fig. 2B).
Handling during either the awake (Awake/Handle) or sleep phase
(Sleep/Handle) impaired contextual fear memory compared with
controls. A univariate ANOVA found group differences during the
context test (F(2,64) = 4.24, P = 0.02), and post-hoc analysis using
Fisher’s PLSD revealed significant differences (P < 0.05) between
the Control group and both Handle groups, which did not differ
from one another (P > 0.8, n.s.).

Thirty minutes following the context test, mice were placed
in a novel context and given a 5-min cued fear test. After a 2-min
baseline period, the training tone was presented three times
without shock. Mice that were handled during the sleep phase
(Sleep/Handle) were significantly impaired compared with Con-
trol mice, while mice that were handled during the awake phase

Figure 1. (A) Schematic timeline of Graves et al. (2003). Mice were trained at 12 p.m., 5 h into the main sleep phase, and tested 24 h later. The Non-
Sleep-Deprived group returned to their home cage immediately after training. The Sleep-Deprived (0–5 h) group was handled for 5 h, beginning
immediately post-training. The Sleep-Deprived (5–10 h) group was handled for 5 h, starting at 5 p.m., which was 5 h after training. (B) Schematic
timeline of experiment 1. Mice were trained at 6 a.m., 1 h prior to their main sleep phase, and tested 72 h later to allow for sufficient recovery sleep. The
Control group returned to their home cage immediately after training. The Sleep/Handle (Sleep-Deprivation) group was handled for 12 h (the entire
sleep phase), beginning immediately post-training. The Awake/Handle group was handled for 12 h (the entire awake phase), starting 12 h following
training. (C ) Schematic timeline of experiment 2. Mice were trained at 6 a.m., 1 h prior to their main sleep phase, and tested 72 h later. The Sleep/Sal
group was administered saline immediately post-training and 4 h later. The Sleep/Amph group was sleep-deprived with 8 mg/kg (i.p.) of amphetamine
immediately post-training and 4 h later. To control for non-sleep-related effects of amphetamine, the Awake/Sal and Awake/Amph groups were
administered saline and amphetamine, respectively, 12 h and 16 h post-training.
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(Awake/Handle) showed no deficit (Fig. 2C). Freezing during
the 2-min baseline was subtracted from the average freezing to
the three tones. A one-way ANOVA revealed group differences
(F(2,64) = 3.97, P = 0.02), and post-hoc analysis using Fisher’s PLSD
revealed a significant difference (P < 0.05) between the Control
group and the Sleep/Handle group. No difference was found
between the Control group and the Awake/Handle group (P >
0.8, n.s.). Overall, handling during the sleep phase produced
pervasive deficits in contextual and tone fear. On the other hand,
handling during the awake phase produced selective deficits in
contextual fear.

Experiment 2
Training was identical to Exp 1, although a 4-min baseline period
was used. After training, mice were given two injections of 8 mg/
kg D-amphetamine hemisulfate (Sigma-Aldrich), i.p., or 10 mL/kg
saline solution (Fig. 1C). The Sleep/Amph (sleep-deprived) group
received amphetamine immediately after training, at the start of
their main sleep phase, and 4 h later. The Sleep/Sal control group
received saline at the same times. To control for effects of
amphetamine, the Awake/Amph and Awake/Sal groups were
administered amphetamine and saline, respectively, at the start
of the main wake phase and 4 h later. A
two-way ANOVA revealed no group dif-
ferences during training (F(2,64) < 1, n.s.),
and all groups exhibited significant learn-
ing (F(9,64) = 17.5, P < 0.001; Fig. 3A).

Contextual fear was examined 72 h
after training (as in Exp 1). Amphetamine
failed to produce any deficit in contex-
tual fear conditioning when given during
either the sleep or awake phase (Fig. 3B).
A two-way ANOVA revealed no main
effect of drug (F(1,61) < 1, n.s.) or phase
(F(1,61) < 1, n.s.).

As in Exp 1, a tone test was con-
ducted 30 min after the context test.
Amphetamine failed to produce any def-
icit in cued fear conditioning when given
during the sleep or awake phase (Fig. 3C).
Freezing during the 2-min baseline was
subtracted from the average freezing to
the three tones. A two-way ANOVA re-

vealed no main effect of drug (F(1,61) < 1,
n.s.) or phase (F(1,61) = 3.09, n.s.). Overall,
sleep deprivation by amphetamine had
no effect on contextual or cued fear
memory.

We found that gentle post-training
handling impaired context memory re-
gardless of sleep. These findings indicate
that gentle handling produces contex-
tual memory deficits through non-sleep-
related factors. Moreover, handling dur-
ing the sleep phase disrupted hippocam-
pus-independent cuedmemory. This is in
contrast to Graves and colleagues (2003),
who found that sleep deprivation admin-
istered immediately after training (only)
impaired contextual fear, while cued fear
was spared. These discrepancies may be
due to procedural differences. Graves
et al. trained and tested all groups in the
middle of the day, which is the main
sleep phase for mice (Fig. 1A). Mice were

then given no handling (‘‘non-sleep-deprived’’) or 5 h of handling
either immediately after training (‘‘0–5 h’’) or 5 h later (‘‘5–10 h’’).
This protocol raises a number of issues. First, all mice experienced
some sleep deprivation because sleep was interrupted to give
training and testing. Therefore, any sleep deprivation effect
observed is additive with a sleep deprivation baseline. Second,
deprivation in the 0–5 h group did not span the entire sleep
period, nor did it target a specific sleep period, since handling was
given 5 h after the sleep phase began. Third, the 5–10 h group did
not target sleep or awake periods specifically, as handling over-
lapped both phases. Fourth, the study did not have a proper
control group to examine the effects of handling alone on the
memory impairment (i.e., handling only in the awake phase). Due
to these confounds, the results of the Graves et al. study are
problematic.

Our findings suggest that gentle handling is not a selective
method of sleep deprivation. First, extensive handling during the
entire sleep phase appears to produce nonspecific impairment.
Second, with regard to contextual memory, handling during the
awake phase can induce the same magnitude of amnesia as sleep
deprivation. This suggests that there are non-sleep-related con-
sequences of extensive handling (e.g., stress, interference, etc.)
that may impair memory. This interpretation is consistent with

Figure 2. (A) Training: After a 2-min habituation period, mice were given one tone–shock pairing
and were left in the chambers for a total of 10 min. Freezing (mean percent time6SEM) is depicted for
each minute of the training session. All groups exhibited robust learning, and there were no group
differences. (B) Contextual Fear: Seventy-two hours post-training, mice were given a 5-min contextual
fear test, and freezing (mean percent time6SEM) for the 5-min test is depicted. Both the Awake/
Handle and Sleep/Handle groups are impaired compared with the Control group. (C ) Cued Fear: Thirty
minutes after the context test, mice were brought to a novel context for a 5-min cued fear test. After a
2-min baseline period, the training tone was presented three times across 3 min. Cued fear is depicted
as freezing (mean percent time6SEM) during the baseline subtracted from the average of freezing to
the three tones. The Sleep/Handle group had a deficit compared with the Control group, while there
were no differences between Awake/Handle and Control groups.

Figure 3. (A) Training: After a 4-min habituation period, mice were given one tone–shock pairing and
were left in the chambers for a total of 10 min. Freezing (mean percent time6SEM) is depicted for each
minute of the training session. All groups exhibited robust learning, and there were no group
dfferences. (B) Contextual Fear: Seventy-two hours post-training, mice were given a 5-min contextual
fear test. Freezing (mean percent time6SEM) for the 5-min test is depicted. There were no differences
between the groups, suggesting that sleep-deprivation by amphetamine did not induce deficits in
contextual fear memory. (C ) Cued Fear: Thirty minutes after the context test, mice were brought to
a novel context for a 5-min cued fear test. After a 2-min baseline period, the training tone was presented
three times across 3 min. Cued fear is depicted as freezing (mean percent time6SEM) during the
baseline subtracted from the average of freezing to the three tones. There were no group differences.
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prior critiques of sleep deprivation studies, which found that
seemingly benign handling methods can induce health problems
and an elevated stress response (Murison et al. 1982; Mullington
et al. 2009). Thus, this common method of sleep deprivation is
confounded by non-sleep-related effects and is not an ideal tool
for investigating the relationship between sleep and memory.

To explore an alternative to handling, we examined pharma-
cological sleep deprivation. We administered two high doses (8
mg/kg) of amphetamine immediately after training and 4 h into
the sleep phase, and found that this method failed to produce
impairments of contextual or cued fear. One possibility for the lack
of impairment is that the drug did not actually deprive the animals
of sleep. This is unlikely, as this high dose produces insomnia and
hyperlocomotion (Ervin et al. 1981; Anagnostaras and Robinson
1996; Anagnostaras et al. 2002b; Wood and Anagnostaras 2009)
and D-amphetamine has a long, although variable, half-life (3.5–
4.2 h in acidic urine) (Buxton 2006). Another possibility is that
amphetamine had a positive effect on consolidation that counter-
acted the deprivation impairment. This also seems unlikely, as we
have found pervasive memory deficits using this dose of amphet-
amine (alone) during training (Wood and Anagnostaras 2009).
Alternatively, these data could indicate that sleep is not involved
in memory consolidation. In this manner, stimulant-induced
sleep deprivation may be unique in that it does not produce an
amnesic stress response. Nonetheless, the unknown effects of
amphetamine on stress and consolidation suggest that stimulants
are not a viable method to investigate the relationship between
sleep and memory.

Sleep deprivation itself may be inherently stressful, perhaps
due to a build up of a sleep homeostatic drive. Because sleep is
typically treated as a drive (need), governed by homeostatic
factors, a ‘‘sleep pressure’’ is thought to build up, which is sug-
gested to be aversive and stressful (Bolles 1967). If this is the
case, no sleep deprivation method will satisfactorily dissociate the
effects of stress and lack of sleep on cognitive impairment.
Therefore, we favor using a more naturalistic paradigm to in-
vestigate the consolidation process that may occur during natural
sleep. In a separate study published elsewhere, we explored this
using a novel rodent paradigm (Cai et al. 2009). We compared 12-
and 24-h delay intervals to control for time passage and circadian
effects. We controlled for differences in circadian activity by
selecting training and testing times within the transition interval
from active to wake periods. That study found that sleep plays an
important and selective role in contextual fear conditioning,
whereby contextual memory is enhanced only when tested after
a sleep period. This approach provides a useful way to examine
sleep-induced memory enhancement, while avoiding confounds
associated with the sleep-deprivation paradigm.

The current data suggest that it is problematic to use sleep
deprivation as away of exploring the role of natural sleep inmemory
consolidation. Although gentle handling produced amnesia, it was
not specific to the sleep phase, making it difficult to disentangle the
cause for thememory impairments. Nonetheless, the effects of sleep
deprivation may be intrinsically interesting, as sleep deprivation is
so prevalent in modern society (Bonnet and Arand 1995; Arnold
et al. 1997; Anderson and Horne 2008). However, rather than
extensive handling of animals, we would encourage utilization of
more naturalistic modeling of sleep deprivation.
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Sleep Selectively Enhances Hippocampus-Dependent Memory in Mice

Denise J. Cai, Tristan Shuman, Michael R. Gorman, Jennifer R. Sage, and Stephan G. Anagnostaras
University of California, San Diego

Sleep has been implicated as playing a critical role in memory consolidation. Emerging evidence suggests
that reactivation of memories during sleep may facilitate the transfer of declarative memories from the
hippocampus to the neocortex. Previous rodent studies have utilized sleep-deprivation to examine the role
of sleep in memory consolidation. The present study uses a novel, naturalistic paradigm to study the
effect of a sleep phase on rodent Pavlovian fear conditioning, a task with both hippocampus-dependent
and -independent components (contextual vs. cued memories). Mice were trained 1 hour before their
sleep/rest phase or awake/active phase and then tested for contextual and cued fear 12 or 24 hr later. The
authors found that hippocampus-dependent contextual memory was enhanced if tested after a sleep phase
within 24 hr of training. This enhancement was specific to context, not cued, memory. These findings
provide direct evidence of a role for sleep in enhancing hippocampus-dependent memory consolidation
in rodents and detail a novel paradigm for examining sleep-induced memory effects.

Keywords: context, fear conditioning, Pavlovian, circadian, medial temporal lobe

A growing body of evidence suggests that sleep enhances con-
solidation of human memory. Several studies have found that sleep
facilitates retention of declarative memory (Ellenbogen, Hulbert,
Stickgold, Dinges, & Thompson-Schill, 2006; Ellenbogen, Payne,
& Stickgold, 2006; Plihal & Born, 1999), and recently formed
episodic memories can reportedly even be cued by an odor present
during training to increase memory reactivation during slow-wave
sleep (SWS) and improve subsequent memory retention (Rasch,
Buchel, Gais, & Born, 2007) In one view, sleep-related memory
reactivation may be the consolidation mechanism by which de-
clarative memory is transformed from a hippocampus-dependent
state to an independent state (Pavlides & Winson, 1989; Poe, Nitz,
McNaughton, & Barnes, 2000; Squire & Alvarez, 1995). Here, we
demonstrate, for the first time, sleep-related improvements specific
to hippocampus-dependent memory for a rodent learning task with
a well-defined neurobiology—Pavlovian fear conditioning (Anag-
nostaras, Gale, & Fanselow, 2001; Anagnostaras, Maren, &
Fanselow, 1999; Gale et al., 2004).

In Pavlovian fear conditioning, a tone is paired with a shock in
a novel environmental context. After training, rodents will exhibit
fear when presented with the training tone or when returned to the
training environment. This latter phenomenon, known as contex-
tual fear conditioning, has garnered considerable interest in recent

years because it is hippocampus dependent and has become a
prominent rodent model of declarative memory (Anagnostaras et
al., 2001). As with human declarative memory, over time contex-
tual fear becomes independent of the hippocampus, as this memory
becomes consolidated to neocortical structures (Anagnostaras et
al., 1999; Frankland, Bontempi, Talton, Kaczmarek, & Silva,
2004; Maren, Aharonov, & Fanselow, 1997; Quinn, Ma, Tinsley,
Koch, & Fanselow, 2008). This consolidation process is thought to
reflect coordinated activity whereby fast-changing connections in
the hippocampus initially subserve the memory and, over time,
entrain slow-changing connections in the neocortex, at which time
the hippocampus is no longer necessary to maintain the memory
(Squire & Alvarez, 1995). The memory may also change in con-
tent during this period so that small bits of episodic memory
become integrated into cohesive and permanent semantic knowl-
edge (McClelland, McNaughton, & O’Reilly, 1995). In contrast,
tone (cued) fear is independent of the hippocampus (Anagnostaras
et al., 2001; Anagnostaras et al., 1999). Both contextual fear
memory and cued fear memory depend on the amygdala for the
lifetime of the rat (Gale et al., 2004).

Considerable indirect evidence suggests a role for sleep in
hippocampus-dependent memory in rodents. In 1989, Pavlides and
Winson (Pavlides & Winson, 1989) showed what appeared to be a
neurophysiological correlate of memory processing during sleep.
Hippocampal “place cells” that were active during maze running
were more likely to be activated during subsequent REM and
non-REM sleep, a phenomenon known as neuronal replay. Since
then, similar results of replay during sleep have been observed
(Qin, McNaughton, Skaggs, & Barnes, 1997; Wilson & McNaugh-
ton, 1994), and the temporal sequence of paired neuronal firing
during wakefulness, arguably a neuronal trace of spatial memory,
has also been found to be preserved in subsequent non-REM sleep
(Skaggs & McNaughton, 1996). In addition to hippocampal neu-
ronal replay, it has been asserted that the hippocampus and neo-
cortex communicate during sleep by means of hippocampal-
generated high frequency burst patterns (sharp waves or ripples;
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Buzsaki, 1989), which are temporally correlated with spindles in
the medial prefrontal cortex during SWS (Siapas & Wilson, 1998).
This is especially significant for the present study, as the hip-
pocampus is the initial site of acquisition for contextual fear
conditioning, whereas the medial prefrontal cortex is one site of
permanent memory storage (Frankland et al., 2004; Quinn et al.,
2008). Despite this evidence, to our knowledge, not a single study
specifically demonstrates improved memory after sleep in rodents
(Frank, 2006; Frank & Benington, 2006), although several studies
demonstrate deficits in memory due to sleep deprivation or posi-
tive correlations between the intensity of sleep components and
memory retention (Datta, 2000; C. Smith & Butler, 1982).

The most commonly used approach to examine behavioral ef-
fects of sleep on memory consolidation has been the sleep depri-
vation method. Earlier studies trained rodents on particular tasks
and then deprived them of sleep by placing them on a rotating disk
or on top of an inverted partially submerged flower pot over water
(Bergmann et al., 1989; Fishbein, 1971; Murison, Ursin, Coover,
Lien, & Ursin, 1982; Van Hulzen & Coenen, 1979). These meth-
ods of sleep deprivation have been criticized for their potentially
stress-inducing effects (for reviews, see Horne & McGrath, 1984;
Smith, 1985; Vertes & Eastman, 2000). Recent sleep deprivation
studies have utilized an alternative, more benign approach, han-
dling the subjects during the sleep phase; for example, Graves and
colleagues (Graves, Heller, Pack, & Abel, 2003) found that mice
that were handled for 5 hr during the sleep/rest phase exhibited
some impairments in contextual fear conditioning. Although this
may be suggestive that sleep is important for memory, there may
be other explanations for the impairment. Indeed, even the more
benign sleep deprivation method has been shown to induce health
problems, such as stomach ulcerations (Murison et al., 1982) and
increased serum levels of glucoccorticoids, which in turn have
been shown to negatively affect cognition (Plihal, Krug, Pi-
etrowsky, Fehm, & Born, 1996). It has been reported that long-
term potentiation (LTP) is diminshed in hippocampal slice prep-
arations from sleep-deprived rats and correlates with increased
corticosterone levels (Campbell, Guinan, & Horowitz, 2002).
Thus, although the rodent sleep deprivation literature is suggestive
that sleep is important for memory consolidation, it is still unclear
whether the crucial component is the lack of sleep or the depriva-
tion methods itself that impairs consolidation.

The present study used a naturalistic method to examine
whether Pavlovian fear conditioning is enhanced after a sleep/rest
phase, as compared with an equivalent passage of awake/active
time. In the fear conditioning literature, investigators often find
lower levels of contextual memory 30 min after training, with an
enhancement 24 hr after training that persists for long periods of
time (Miller et al., 2002). We asked if sleep might play a role in
this enhancement. We used 12- and 24-hr intervals to control for
time passage and circadian effects, adapted from designs used to
investigate human sleep and memory consolidation (Walker,
Brakefield, Morgan, Hobson, & Stickgold, 2002). It is critical to
properly control for passage of time, as consolidation may simply
be a time-dependent process. We also controlled for differences in
circadian activity by selecting training and testing times within the
transition intervals between rest and activity phases (Chaudhury &
Colwell, 2002). Our findings suggest that sleep plays an important
and selective role in contextual fear conditioning, whereby con-
textual memory was enhanced if tested after a sleep period. These

findings provide compelling evidence of a role for sleep in
hippocampus-dependent memory.

Method

Subjects and Materials

Sixty-seven hybrid C57BL/6Jx129T2SvEms/J (Crawley et al.,
1997) male and female mice (approximately equivalent numbers
of sexes, stock from the Jackson Laboratory, West Sacramento,
CA) were balanced across groups. Mice were entrained to a 12-hr
light:dark cycle 5 weeks before the experiment began and re-
mained in those conditions for the duration of the experiment.
Lights were automated to turn on at 9 a.m. and turn off at 9 p.m.
They had unrestricted access to food and water. All experiments
were conducted in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals and
were approved by the University of California, San Diego, Insti-
tutional Animal Care and Use Committee.

Fear Conditioning

Mice were trained 1 hr before their primary awake period (i.e.,
dark phase) for the Awake First conditions or were trained 1 hr
before their main sleep period (i.e., light phase) for the Sleep First
conditions. For the Awake First groups, the dark phase immedi-
ately followed training for a duration of 12 hr, in which then began
the light phase, also for a duration of 12 hr. For the Sleep First
group, the reverse occurred. The light phase began immediately
after training for 12 hr, followed by 12 hr of darkness. In both
groups, mice were tested 12 or 24 hr later for contextual and tone
fear memories (see Figure 1). During training, mice were placed in
a fear conditioning chamber (see Conditioning Context) and, after
a 2-min baseline, were given three tone–footshock (tone: 2.8-kHz,
30-s, 85-dB; footshock: 2-s, 1.0-mA) pairings, each 1 min apart.
After an additional 5 min, which served as an extended postshock
freezing test, they were returned to their home cages. To test
contextual memory, we placed the mice back in the original
chamber (12 or 24 hr posttraining) for 2 min (Anagnostaras,
Maren, Sage, Goodrich, & Fanselow, 1999). Mice were also tested
for cued memory 1 hr later; they were placed in an alternate
context (discussed later) for a 2-min baseline period, followed by
presentation of the same three successive 30-s tones played during
training, each separated by 30 s, now without shock. Freezing and
gross movement were assessed for the entire training and testing
periods using an automated algorithm (discussed later).

Figure 1. Study timeline. Mice were trained 1 hr before their awake/
active phase (Awake First) or rest/sleep phase (Sleep First) and then tested
for contextual and cued fear 12 or 24 hr later.
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Conditioning Context

Four mice were tested concurrently in individual conditioning
chambers housed in a windowless room. Each chamber (32 cm
wide, 25 cm high, 25 cm deep) was located within a sound-
attenuating chamber (63.5 cm wide, 35.5 cm high, 76 cm deep;
Med-Associates Inc., Georgia, VT) and equipped with a speaker in
the side wall, a stainless steel grid floor (36 rods, with each rod 2
mm in diameter and 8 mm center to center; Med-Associates Inc.,
Georgia, VT), and stainless steel drop pan. During each trial,
chambers were scented with 7% isopropyl alcohol to provide a
background odor, and background noise (65-dB) was provided by
internal fans. Each sound-attenuating chamber was equipped with
an overhead LED light source providing white and near-infrared
light and an IEEE 1394 progressive scan video camera with a
visible light filter (VID-CAM-MONO-2A; Med-Associates Inc.,
Georgia, VT) connected to a computer and video equipment in an
adjacent room. Each chamber was connected to a solid-state
scrambler providing AC constant current shock, and an audio
stimulus generator controlled through an interface connected to a
Windows computer running Video Freeze (Med-Associates Inc.,
Georgia, VT), a novel program designed for the automated assess-
ment of freezing and motor activity. In results that will be pub-
lished more fully elsewhere, computer- and human-scored data had
a correlation of .971 and a linear fit of computer ! "0.007 #
0.974 $ human (for additional details, see, for e.g., (Anagnostaras,
Josselyn, Frankland, & Silva, 2000; Shuman, Wood, & Anagnost-
aras, in press; Wood & Anagnostaras, 2008). Motor activity scores
correspond roughly to the number of video pixels changing per
second at 30 Hz; for this reason, they are presented as arbitrary
units (au).

Alternate Context

For testing cued (tone) fear, the conditioning context was mod-
ified along several dimensions. White acrylic sheets were placed
over the grid floor to provide a different sensory experience, and
a black plastic, triangular tent translucent only to near-infrared
light was placed inside each box, with each side of the triangle
measuring 23 cm. Only near-infrared light was used, creating a
completely dark environment visible only to the video camera.
Between tests, the chambers were cleaned and scented with a 5%
white vinegar solution.

Statistics

Data were entered into a general multivariate analysis of vari-
ance (MANOVA). After an omnibus comparison, we made group
comparisons using the Wald test. The level of significance was set
at p % .05.

Results

Mice were given fear conditioning either right before their
awake/active (Awake First) phase or right before their sleep/rest
phase (Sleep First) of the cycle. Although mice sleep in both the
light and dark phases, they spend much more time sleeping in the
light phase (65%) than in the dark phase (35%; Welsh, Richardson,
& Dement, 1988). Data from the training session are shown in
Figure 2. After a 2-min habituation period, mice were given 3

tone–shock pairings one min apart and left in the chambers for an
additional 5 min, as an extended postshock freezing period. All
groups exhibited good acquisition, and there were no differences
among the groups (Figure 2A, Fs % 1, ns). To assess any baseline
differences in locomotor activity or shock reactivity due to time of
day, we examined computer-scored movement at 30 Hz during the
2-min baseline before any shock and during the first 2-s shock on
the training day (Figure 2B; Anagnostaras et al., 2000; DeLorey et
al., 1998). All groups exhibited robust shock reactivity compared

Figure 2. (A) Training. Mice were given fear conditioning either right
before their sleep (Sleep First) or awake (Awake First) phase of the cycle.
After a 2-min habituation period (Min 1–2), mice were given three tone–
shock pairings (Min 2–5) and left in the chambers for an additional 5 min
as an extended postshock freezing test. Freezing (mean percent time plus
or minus standard error of the mean) is depicted for each minute of the
training session. All groups exhibited good learning, and there were no
group differences. (B) Motor activity. To assess any baseline differences in
locomotor activity or shock reactivity due to time of day, we examined
movement during the 2-min baseline before any shock and during the first
2-s shock on the training day. Computer-scored movement (mean arbitrary
units plus or minus standard error of the mean) is depicted. All groups
exhibited robust shock reactivity, and there were no group differences in
terms of baseline (closed bars) or shock-elicited (open bars) activity.
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with the baseline (Fs & 9, ps % .0001), and there were no group
differences in terms of baseline or shock-elicited activity (Fs %
2.1, ns). Thus, differences in fear conditioning could not be attrib-
uted to differences in locomotor activity or in shock reactivity.

Twelve or 24 hr after training, mice were given a 2-min
contextual fear test followed immediately by a 5-min cued fear
test (12 hr posttraining: Awake First, n ! 16; Sleep First, n !
20; 24 hr posttraining: Awake First, n ! 16; Sleep First, n ! 15;
see Figure 3A). An overall multivariate analysis of variance

(MANOVA; four levels of group, with context and tone tests)
revealed a Group $ Test Type interaction, F(6, 378) ! 2.26, p %
.05; so planned comparisons were made. For the contextual fear
test, mice in the Awake First group failed to exhibit robust memory
when tested 12 hr later, compared with those in the Sleep First
group, who were also tested 12 hr later but had robust memory,
F(1, 34) ! 4.28, p % .05; or when compared with those in the
Awake First group who still had the opportunity to sleep by being
tested 24 hr later, F(1, 30) ! 6.83, p ! .01. That is, a sleep phase
enhanced contextual memory, and this effect was not due simply
to passage of time. The Awake First and Sleep First groups tested
24 hr later did not differ from each other or from the Sleep First
group tested 12 hr later (Fs % 1, ns). One hour after the context
test, mice were brought to a novel context for a 5-min cued fear
test. After a 2-min baseline period, the training tone was presented
three times across 3 min. All groups exhibited robust tone-elicited
freezing, and there were no group differences during the baseline
or presentation of the three tones (for the baseline, or average of
the three tones, or baseline subtracted from tone, all comparisons,
Fs % 1, ns). Cued fear is depicted in Figure 3B as freezing during
baseline subtracted from the average of freezing to the three tones.
Overall, the design revealed a remarkably selective effect of the
passage of a sleep period; contextual fear was impaired if tested
before a sleep period and enhanced after a sleep period, but cued
fear was unaffected by sleep.

Discussion

We found that the passage of a sleep/rest phase enhanced
contextual fear memory regardless of whether the sleep phase
occurred immediately after training or 12 hr later. This enhance-
ment was specific to context memory, as there were no differences
between groups for cued memory. It is important to note that the
group differences in freezing during the context test cannot be
explained by circadian variability, as there were no group freezing
differences for the cued test, which occurred at approximately the
same time. This suggests that the contextual memory deficit in the
12-hr Awake First group was not due to the inability to express this
memory. This group also controls for sleep, which may have
occurred during the awake/active phase (Welsh et al., 1988).
Despite 35% of sleep occurring during the dark (active/awake)
phase, this sleep was not sufficient to enhance contextual memory,
because the 12-hr Awake First group had very poor contextual
memory. This suggests that whatever sleep that did occur in the
dark phase was insufficient for consolidation. Although this could
simply be due to the lower quantity of sleep during the dark phase,
there may also have been a difference in the quality of sleep
(Welsh et al., 1988). Taken together, our findings also suggest a
more active role for sleep in consolidation. If consolidation relied
only on the passage of time, then the 24-hr groups would outper-
form the 12-hr groups, regardless of sleep. As observed, this was
not the case. The groups that had a sleep phase outperformed the
group that had only an awake phase, regardless of the retention
interval, suggesting that consolidation is not strictly time depen-
dent.

One surprising finding was that contextual fear conditioning
apparently decreased from training to 12 hr and then increased by
24 hr after training. One of our original motivations for the study
was anecdotal evidence that studies examining short-term memory

Figure 3. (A) Contextual fear. Twelve or 24 hr after training, mice were
given a 2-min contextual fear test. Freezing (mean percent time plus or
minus standard error of the mean) for the 2-min test is depicted. Mice in the
Awake First group failed to exhibit robust memory when tested 12 hr later,
compared with those in the Sleep First group who were also tested 12 hr
later but had robust memory, or when compared with those in the Awake
First group who still had the opportunity to sleep by being tested 24 hr later
That is, a sleep phase enhanced memory, and this effect was not due simply
to passage of time. (B) Cued fear. One hour after the context test, mice
were brought to a novel context for a 5-min cued fear test. After a 2-min
baseline period, the training tone was presented three times across 3 min.
Cued fear is depicted as freezing (mean percent time plus or minus
standard error of the mean) during the baseline subtracted from the average
of freezing to the three tones. There were no group differences in baseline
or cue-elicited fear.
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(e.g., 30 min) often found fear levels lower than those found in
studies of long-term memory (e.g., 24 hr; Miller et al., 2002). A
review of the literature, however, suggests a longer history to this
finding in aversive conditioning. In 1957, Leon Kamin published
an influential paper in which he reported that weakly acquired
avoidance fear conditioning dramatically decreased from training
at 1 hr after training and then increased at 24 hr after training (and
continued to increase when tested at 19 days; Kamin, 1957). This
finding came to be known at the time as the Kamin effect, which
is now readily confused with the better known blocking effect; this
retention effect motivated considerable research (for a review, see
Brush, 1971) but over time was largely forgotten. Here we suggest
that this Kamin retention effect was at least partially due to sleep.

Until now, most rodent behavioral studies examining the role of
sleep in memory have utilized potentially stress-inducing sleep
deprivation techniques (Horne & McGrath, 1984; Rechtschaffen,
Gilliland, Bergmann, & Winter, 1983; C. Smith, 1985; Smith,
Conway, & Rose, 1998; Vertes & Eastman, 2000; Youngblood,
Zhou, Smagin, Ryan, & Harris, 1997). Recent sleep deprivation
studies have used gentle handling of the animals during the sleep/
rest phase (Graves et al., 2003; Murison et al., 1982) and have
shown that sleep deprivation after learning leads to poorer perfor-
mance on retrieval tests. However, even this seemingly more
benign deprivation technique has been shown to increase serum
levels of glucocorticoids, which in turn have been shown to neg-
atively affect cognition and the hippocampus (Plihal et al., 1996;
Sapolsky, 2004). Therefore, sleep deprivation is a problematic
approach to understanding the role of naturally occurring sleep in
memory consolidation processes. Our approach is more naturalis-
tic, allowing for the passage of awake/active and sleep/rest peri-
ods. Although considerable sleep does occur during the awake/
active phase for mice (Welsh, Richardson, & Dement, 1988), this
was clearly not sufficient for good contextual memory in our
study, as the 12-hr Awake First group had very poor memory
compared with all other groups, which had the passage of a
sleep/rest period.

In any study of sleep-related memory enhancement, three very
significant confounds exist that must have adequate controls. First,
sleep necessarily involves the passage of time, and therefore stud-
ies must show that an equivalent passage of time without sleep is
not sufficient for the consolidation effect. In our study, we com-
pared mice with and without sleep 12 hr after training and found
that a sleep/rest period was necessary to show good contextual
memory. Moreover, if mice in the Awake First group were allowed
a sleep/rest period, by testing them 24 hr after training, they
showed robust memory. Second, one must control for time-of-day
effects, both in terms of training and testing. Circadian effects
could pose a significant problem for fear conditioning studies,
because the form of the fear response, locomotor activity, pain
sensitivity, and memory retrieval could be sensitive to time-of-day
effects (Chaudhury & Colwell, 2002; Eckel-Mahan et al., 2008).
We used several strategies to avoid circadian confounds. We tested
mice at 12 or 24 hr after training, and with a 12-hr light:dark cycle,
this meant that the 12-hr time point was at the same time of day as
the 24-hr time point for some groups (see Figure 1). That is, time
of day was not the cause of poor memory in the 12-hr Awake First
group, as the 24-hr Sleep First group was tested at the same time
of day but showed robust memory. Moreover, we minimized
time-of-day differences by training and testing mice at times close

to the light–dark transitions when behavioral differences are
smallest (Chaudhury & Colwell, 2002). This is evidenced by the
fact that Awake First and Sleep First groups did not differ in
training in terms of postshock freezing, shock reactivity, or loco-
motor activity (see Figure 2). Third, one should control for fa-
tigue—in our case, how long the mouse had been awake before
testing (Mednick, Nakayama, & Stickgold, 2003; Rickard, Cai,
Rieth, Jones, & Ard, 2008). Fatigue was not the cause of group
differences described here, because the 12-hr Awake First group
was awake no longer than the 24-hr Sleep First group, yet the latter
had much better memory. Taken together, these findings do not
seem to be attributable to simple passage of time, time-of-day
effects, or fatigue. We believe that the present design may serve as
a simple and efficient paradigm for avoiding these confounds in
future sleep studies.

Sleep, therefore, plays an important role in the stabilization of
contextual memory. For Pavlovian fear conditioning, this effect
was specific to hippocampus-dependent memory, as cued memory
was entirely unaffected by the presence or absence of an interven-
ing sleep period. Thus, sleep may play an important role in
consolidating memory as it moves from a hippocampus-dependent
to neocortical state. Considerable indirect evidence suggests that
replay of recent memories in the hippocampus may serve to entrain
slow-changing connections in the neocortex during sleep (Poe,
Nitz, McNaughton, & Barnes, 2000; Squire & Alvarez, 1995). One
candidate theory for how this transfer occurs is through coordina-
tion of hippocampal sharp waves (ripples) and cortical spindles
during SWS (Buzsaki, 1996; Ji & Wilson, 2007; Siapas & Wilson,
1998). These findings suggest that hippocampal-dependent mem-
ories may be strengthened and transferred (i.e., consolidated) to the
neocortex during sleep. Alternatively, sleep may play a separate
role in memory consolidation than what is meant by cellular or
systems consolidation. Because the role of sleep has generally
been identified in the range of days, it may be that sleep is involved
in an intermediate form of consolidation between cellular and
systems consolidation (McGaugh, 2000). Although interesting the-
oretically, it is too early to fully explain where sleep-related
memory consolidation lies with respect to better studied forms of
consolidation. Rather, we favor the interpretation that the first day
of consolidation, as examined in the present study, represents the
beginning of systems consolidation.

Why, then, does the brain need a sleep phase to consolidate
memory? By one view, the hippocampus may need to switch from
an acquisition or an “in-flow” mode to a consolidation or “out-
flow” mode to accomplish the transfer of memories to the neocor-
tex. Acetylcholine has been suggested as one mechanism for
switching the hippocampus from acquisition during wakefulness to
consolidation during sleep (Anagnostaras, Maren, & Fanselow,
1995, 1999; Anagnostaras, Maren, Sage, Goodrich, & Fanselow,
1999; Anagnostaras et al., 2003; Buzsaki, 1989; Hasselmo, 1999).
During active wakeful states, information coded by neocortical
structures flows into the entorhinal cortex and then is encoded by
rapidly changing synapses in the hippocampus. During deep sleep,
information flows out of the hippocampus, and through repetitive
activity, becomes entrained onto slow changing synapses in the
neocortex (Marshall & Born, 2007). Thus, sleep may enable the
hippocampus to shut off acquisition of new memories and turn on
repetitive firing that can allow memories to be encoded perma-
nently in the neocortex (Marshall & Born, 2007; Mehta, 2007).
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In another view, sleep may possibly play a more passive role by
protecting newly formed memories from retroactive interference
(Wixted, 2004). Sleep (along with alcohol, benzodiazepines, and
NMDA receptor antagonists) blocks new inputs to the hippocam-
pus without compromising its ability to consolidate previously
formed memories. Because new input is prevented, recently
formed (and, therefore, incompletely consolidated) memories are
protected from the retroactive interference that they would other-
wise encounter. Thus, memories have an enhanced opportunity to
consolidate during sleep, undisturbed from waking interference.

There also does not appear to be a brief critical time window for
sleep to occur after training, as suggested by previous studies
(Smith & Rose, 1996, 1997; Smith, Conway, & Rose, 1998). We
found enhancements if sleep occurred during 24 hr posttraining on
this task. However, the precise timing may be task specific, so that
for contextual fear conditioning, there is a larger time window in
which sleep benefits the consolidation process.

As the current novel paradigm controls for circadian variability,
passage of time, and stress-induced amnesia, it may prove to be a
valuable tool for further examination of the molecular, physiolog-
ical, and neurobiological substrates of sleep-induced memory con-
solidation.

References

Anagnostaras, S. G., Gale, G. D., & Fanselow, M. S. (2001). Hippocampus
and contextual fear conditioning: Recent controversies and advances.
Hippocampus, 11, 8–17.

Anagnostaras, S. G., Josselyn, S. A., Frankland, P. W., & Silva, A. J.
(2000). Computer-assisted behavioral assessment of Pavlovian fear con-
ditioning in mice. Learning & Memory, 7, 58–72.

Anagnostaras, S. G., Maren, S., & Fanselow, M. S. (1995). Scopolamine
selectively disrupts the acquisition of contextual fear conditioning in
rats. Neurobiology of Learning and Memory, 64, 191–194.

Anagnostaras, S. G., Maren, S., & Fanselow, M. S. (1999). Temporally
graded retrograde amnesia of contextual fear after hippocampal damage
in rats: Within-subjects examination. Journal of Neuroscience, 19,
1106–1114.

Anagnostaras, S. G., Maren, S., Sage, J. R., Goodrich, S., & Fanselow,
M. S. (1999). Scopolamine and Pavlovian fear conditioning in rats:
Dose-effect analysis. Neuropsychopharmacology, 21, 731–744.

Anagnostaras, S. G., Murphy, G. G., Hamilton, S. E., Mitchell, S. L.,
Rahnama, N. P., Nathanson, N. M., & Silva, A. J. (2003). Selective
cognitive dysfunction in acetylcholine M1 muscarinic receptor mutant
mice. Nature Neuroscience, 6, 51–58.

Bergmann, B. M., Kushida, C. A., Everson, C. A., Gilliland, M. A.,
Obermeyer, W., & Rechtschaffen, A. (1989). Sleep deprivation in the
rat: II. Methodology. Sleep, 12, 5–12.

Brush, F. R. (1971). Retention of aversively motivated behavior. In F. R.
Brush (Ed.), Aversive conditioning and learning (pp. 401–465). New
York: Academic Press.

Buzsaki, G. (1989). Two-stage model of memory trace formation: A role
for “noisy” brain states. Neuroscience, 31, 551–570.

Buzsaki, G. (1996). The hippocampo-neocortical dialogue. Cerebral Cor-
tex, 6, 81–92.

Campbell, I. G., Guinan, M. J., & Horowitz, J. M. (2002). Sleep depriva-
tion impairs long-term potentiation in rat hippocampal slices. Journal of
Neurophysiology, 88, 1073–1076.

Chaudhury, D., & Colwell, C. S. (2002). Circadian modulation of learning
and memory in fear-conditioned mice. Behavioural Brain Research,
133, 95–108.

Crawley, J. N., Belknap, J. K., Collins, A., Crabbe, J. C., Frankel, W.,

Henderson, N., et al. (1997). Behavioral phenotypes of inbred mouse
strains: Implications and recommendations for molecular studies. Psy-
chopharmacology (Berl), 132, 107–124.

Datta, S. (2000). Avoidance task training potentiates phasic pontine-wave
density in the rat: A mechanism for sleep-dependent plasticity. Journal
of Neuroscience, 20, 8607–8613.

DeLorey, T. M., Handforth, A., Anagnostaras, S. G., Homanics, G. E.,
Minassian, B. A., Asatourian, A., et al. (1998). Mice lacking the '3

subunit of the GABAA receptor have the epilepsy phenotype and many
of the behavioral characteristics of Angelman syndrome. Journal of
Neuroscience, 18, 8505–8514.

Eckel-Mahan, K. L., Phan, T., Han, S., Wang, H., Chan, G. C., Scheiner,
Z. S., & Storm, D. R. (2008). Circadian oscillation of hippocampal
MAPK activity and cAMP: Implications for memory persistence. Nature
Neuroscience, 11, 1074–1082.

Ellenbogen, J. M., Hulbert, J. C., Stickgold, R., Dinges, D. F., &
Thompson-Schill, S. L. (2006). Interfering with theories of sleep and
memory: Sleep, declarative memory, and associative interference. Cur-
rent Biology, 16, 1290–1294.

Ellenbogen, J. M., Payne, J. D., & Stickgold, R. (2006). The role of sleep
in declarative memory consolidation: Passive, permissive, active or
none? Current Opinion in Neurobiology, 16, 716–722.

Fishbein, W. (1971). Disruptive effects of rapid eye movement sleep
deprivation on long-term memory. Physiology & Behavior, 6, 279-&.

Frank, M. G. (2006). The mystery of sleep function: Current perspectives
and future directions. Reviews in the Neurosciences, 17, 375–392.

Frank, M. G., & Benington, J. H. (2006). The role of sleep in memory
consolidation and brain plasticity: Dream or reality? Neuroscientist, 12,
477–488.

Frankland, P. W., Bontempi, B., Talton, L. E., Kaczmarek, L., & Silva,
A. J. (2004). The involvement of the anterior cingulate cortex in remote
contextual fear memory. Science, 304, 881–883.

Gale, G. D., Anagnostaras, S. G., Godsil, B. P., Mitchell, S., Nozawa, T.,
Sage, J. R., et al. (2004). Role of the basolateral amygdala in the storage
of fear memories across the adult lifetime of rats. Journal of Neuro-
science, 24, 3810–3815.

Graves, L. A., Heller, E. A., Pack, A. I., & Abel, T. (2003). Sleep
deprivation selectively impairs memory consolidation for contextual fear
conditioning. Learning & Memory, 10, 168–176.

Hasselmo, M. E. (1999). Neuromodulation: Acetylcholine and memory
consolidation. Trends in Cognitive Science, 3, 351–359.

Horne, J. A., & McGrath, M. J. (1984). The consolidation hypothesis for
REM sleep function: Stress and other confounding factors–A review.
Biological Psychology, 18, 165–184.

Ji, D., & Wilson, M. A. (2007). Coordinated memory replay in the visual
cortex and hippocampus during sleep. Nature Neuroscience, 10, 100–
107.

Kamin, L. J. (1957). The retention of an incompletely learned avoidance
response. Journal of Comparative and Physiological Psychology, 50,
457–460.

Maren, S., Aharonov, G., & Fanselow, M. S. (1997). Neurotoxic lesions of
the dorsal hippocampus and Pavlovian fear conditioning in rats. Behav-
ioural Brain Research, 88, 261–274.

Marshall, L., & Born, J. (2007). The contribution of sleep to hippocampus-
dependent memory consolidation. Trends in Cognitive Science, 11,
442–450.

McClelland, J. L., McNaughton, B. L., & O’Reilly, R. C. (1995). Why
there are complementary learning systems in the hippocampus and
neocortex: Insights from the successes and failures of connectionist
models of learning and memory. Psychological Review, 102, 419–457.

McGaugh, J. L. (2000). Memory—a century of consolidation. Science,
287, 248–251.

Mednick, S., Nakayama, K., & Stickgold, R. (2003). Sleep-dependent
learning: A nap is as good as a night. Nature Neuroscience, 697–698.

718 CAI, SHUMAN, GORMAN, SAGE, AND ANAGNOSTARAS

#!



Mehta, M. R. (2007). Cortico-hippocampal interaction during up-down
states and memory consolidation. Nature Neuroscience, 10, 13–15.

Miller, S., Yasuda, M., Coats, J. K., Jones, Y., Martone, M. E., & Mayford,
M. (2002). Disruption of dendritic translation of CaMKIIalpha impairs
stabilization of synaptic plasticity and memory consolidation. Neuron,
36, 507–519.

Murison, R., Ursin, R., Coover, G. D., Lien, W., & Ursin, H. (1982).
Sleep-deprivation procedure produces stomach lesions in rats. Physiol-
ogy & Behavior, 29, 693–694.

Pavlides, C., & Winson, J. (1989). Influences of hippocampal place cell
firing in the awake state on the activity of these cells during subsequent
sleep episodes. Journal of Neuroscience, 9, 2907–2918.

Plihal, W., & Born, J. (1999). Effects of early and late nocturnal sleep on
priming and spatial memory. Psychophysiology, 36, 571–582.

Plihal, W., Krug, R., Pietrowsky, R., Fehm, H. L., & Born, J. (1996).
Corticosteroid receptor mediated effects on mood in humans. Psycho-
neuroendocrinology, 21, 515–523.

Poe, G. R., Nitz, D. A., McNaughton, B. L., & Barnes, C. A. (2000).
Experience-dependent phase-reversal of hippocampal neuron firing dur-
ing REM sleep. Brain Research, 855, 176–180.

Qin, Y. L., McNaughton, B. L., Skaggs, W. E., & Barnes, C. A. (1997).
Memory reprocessing in corticocortical and hippocampocortical neuro-
nal ensembles. Philosophical Transactions of the Royal Society of Lon-
don. Series B: Biological Sciences, 352, 1525–1533.

Quinn, J. J., Ma, Q. D., Tinsley, M. R., Koch, C., & Fanselow, M. S.
(2008). Inverse temporal contributions of the dorsal hippocampus and
medial prefrontal cortex to the expression of long-term fear memories.
Learning & Memory, 15, 368–372.

Rasch, B., Buchel, C., Gais, S., & Born, J. (2007). Odor cues during
slow-wave sleep prompt declarative memory consolidation. Science,
315, 1426–1429.

Rechtschaffen, A., Gilliland, M. A., Bergmann, B. M., & Winter, J. B.
(1983). Physiological correlates of prolonged sleep deprivation in rats.
Science, 221, 182–184.

Rickard, T. C., Cai, D. J., Rieth, C. A., Jones, J., & Ard, M. C. (2008).
Sleep does not enhance motor sequence learning. Journal of Experimen-
tal Psychology: Learning, Memory, and Cognition, 34, 834–842.

Sapolsky, R. M. (2004). Why zebras don’t get ulcers, 3rd. ed. Holt: New York.
Shuman, T., Wood, S. C., & Anagnostaras, S. G. (in press). Modafinil and

memory: Effects of Modafinil on Morris water maze learning and
Pavlovian fear conditioning. Behavioral Neuroscience.

Siapas, A. G., & Wilson, M. A. (1998). Coordinated interactions between
hippocampal ripples and cortical spindles during slow-wave sleep. Neu-
ron, 21, 1123–1128.

Skaggs, W. E., & McNaughton, B. L. (1996). Replay of neuronal firing

sequences in rat hippocampus during sleep following spatial experience.
Science, 271, 1870–1873.

Smith, C. (1985). Sleep states and learning: A review of the animal
literature. Neuroscience and Biobehavioral Reviews, 9, 157–168.

Smith, C., & Butler, S. (1982). Paradoxical sleep at selective times fol-
lowing training is necessary for learning. Physiology and Behavior, 29,
469–473.

Smith, C., & Rose, G. M. (1996). Evidence for a paradoxical sleep window
for place learning in the Morris water maze. Physiology and Behavior,
59, 93–97.

Smith, C., & Rose, G. M. (1997). Posttraining paradoxical sleep in rats is
increased after spatial learning in the Morris water maze. Behavioral
Neuroscience, 111, 1197–1204.

Smith, C. T., Conway, J. M., & Rose, G. M. (1998). Brief paradoxical sleep
deprivation impairs reference, but not working, memory in the radial
arm maze task. Neurobiology of Learning and Memory, 69, 211–217.

Squire, L. R., & Alvarez, P. (1995). Retrograde amnesia and memory
consolidation: A neurobiological perspective. Current Opinion in Neu-
robiology, 5, 169–177.

Van Hulzen, Z. J., & Coenen, A. M. (1979). Selective deprivation of
paradoxical sleep and consolidation of shuttle-box avoidance. Physiol-
ogy and Behavior, 23, 821–826.

Vertes, R. P., & Eastman, K. E. (2000). The case against memory consol-
idation in REM sleep. Behavioral and Brain Sciences, 23, 867–876.

Walker, M. P., Brakefield, T., Morgan, A., Hobson, J. A., & Stickgold, R.
(2002). Practice with sleep makes perfect: Sleep-dependent motor skill
learning. Neuron, 35, 205–211.

Welsh, D., Richardson, G. S., & Dement, W. C. (1988). Effect of running
wheel availability on circadian patterns of sleep and wakefulness in
mice. Physiology and Behavior, 43, 771–777.

Wilson, M. A., & McNaughton, B. L. (1994). Reactivation of hippocampal
ensemble memories during sleep. Science, 265, 676–679.

Wixted, J. T. (2004). The psychology and neuroscience of forgetting.
Annual Review of Psychology, 55, 235–269.

Wood, S. C., & Anagnostaras, S. G. (2008). Memory and psychostimu-
lants: Modulation of Pavlovian fear conditioning by amphetamine in
C57BL/6 mice. Psychopharmacology (Berl.), 202, 197–206.

Youngblood, B. D., Zhou, J., Smagin, G. N., Ryan, D. H., & Harris,
R. B. S. (1997). Sleep deprivation by the “flower pot” technique and
spatial reference memory. Physiology & Behavior, 61, 249–256.

Received January 27, 2009
Revision received April 21, 2009

Accepted April 23, 2009 !

719SLEEP AND FEAR CONDITIONING

##



! "#!

$%&'()*!"+!,-!./00+!,1!&!*)'*,-(!2.!(%)!3&()*,&0!&1!,(!&'')&*1!,-!40))'!1)0)5(,6)07!

)-%&-5)1!%,''25&3'/189)')-9)-(!3)32*7!,-!3,5):!!"#$%&'($)*+",('-.&"/."0!;"#<=>+!

?;#8?;@:!$&,+!A:B:+!4%/3&-+!C:+!D2*3&-+!E:F:+!4&G)+!B:F:+!H!I-&G-21(&*&1+!4:D:!

<"JJ@>:!C%)!9,11)*(&(,2-!&/(%2*!K&1!(%)!'*,3&*7!,-6)1(,G&(2*!&-9!&/(%2*!2.!(%,1!'&')*:!

!



!

!

!

"#$%&'(!)!

!

!

!

"#$%&'()*&+',-('!.$((%!/+'!/)+(.&/!/0(!1,+-2&#+/$$3!-#,%$('4!!

'#.(*(11(-2!/+/$3.&.!#+!5/6$#6&/+!1(/0!-#+'&2&#+&+7!

83!

9(+&.(!:;!</&=!>;?;@=A=!B0&.2/+!CD,)/+=!>;?;A=!!

:(++&1(0!E;!C/7(=!5D;9;A!/+'!C2(%D/+!F;!?+/7+#.2/0/.=!5D;9;A=G!

A>#$(-,$/0!<#7+&2&#+!H/8#0/2#03=!9(%/02)(+2!#1!5.3-D#$#73=!/+'!!

G50#70/)!&+!I(,0#.-&(+-(.=!J+&6(0.&23!#1!</$&1#0+&/=!C/+!9&(7#=!<?!KALKG*L@LK!

!

!

!
!

!

!

!
!

?''0(..!)/+,.-0&%2!-#00(.%#+'(+-(!/+'!0(%0&+2!0(M,(.2.!2#4!!!
@9(+&.(!</&!
KNLL!F&$)/+!90;!><!L@LK!

H/!:#$$/=!<?!KALKG*L@LK!OJ;C;?P!

B($4!OQNQP!QAA*@KGQ!
R/S4!OQNQP!NGT*U@KL!

V*)/&$4!'-/&W,-.';(',!

X(84!D22%4YY)#-#$/8;#07!

!"



! !! !!

!

! !

AN!

!"#$%&'$(

X&2D!2D(!D&7D!%0(6/$(+-(!#1!.$((%!'&.#0'(0.!&+!#,0!.#-&(23=!2D(0(!&.!/!70#Z&+7!

&+2(0(.2!&+!.$((%*/&'.=!Z&2D!/!%/02&-,$/0!1#-,.!#+!.#*-/$$('!["*'0,7.[;!BD(!)#.2!%#%,$/0!"*

'0,7!&.!\#$%&'()=!/!D3%+#2&-!2D/2!&.!6(03!1/.2*/-2&+7!/+'!D&7D$3!%#2(+2;!XD&$(!\#$%&'()!

'#(.!+#2!.D/0(!2D(!)#$(-,$/0!.20,-2,0(!#1!-$/..&-/$!8(+\#'&/\(%&+(.=!&2!8&+'.!2#!2D(!

8(+\#'&/\(%&+(!0(-#7+&2&#+!.&2(!#1!F?]??!0(-(%2#0.;!^2!.D#Z.!70(/2(0!%0(1(0(+-(=!

D#Z(6(0=!1#0!0(-(%2#0.!-#+2/&+&+7!!@!.,8,+&2.=!/.!-#)%/0('!2#!#2D(0!.('/2&6(*D3%+#2&-.=!

&+-$,'&+7!8(+\#'&/\(%&+(.;!E(-(+2!-/.(!0(%#02.!D/6(!0/&.('!-#+-(0+.!/8#,2!2D(!.&'(!

(11(-2!%0#1&$(!#1!\#$%&'()=!D&7D$&7D2&+7!&2.!/)+(.&-!%0#%(02&(.;!^+!2D(!-,00(+2!.2,'3=!Z(!

%(01#0)('!/!'#.(*(11(-2!/+/$3.&.!#1!2D(!(11(-2.!#1!\#$%&'()!#+!5/6$#6&/+!1(/0!

-#+'&2&#+&+7!&+!#0'(0!2#!-D/0/-2(0&\(!2D(!0($/2&#+.D&%!8(2Z((+!2D(!.('/2&6(!/+'!/)+(.&-!

(11(-2.!#1!2D(!'0,7;!X(!1#,+'!2D/2!\#$%&'()!&+',-('!.$((%!8(1#0(!/)+(.&/!1#0!8#2D!

-#+2(S2!/+'!2#+(!-#+'&2&#+&+7;!BD(.(!'/2/!.,77(.2!2D/2!2D(!.('/2&6(!/+'!/)+(.&-!(11(-2.!

#1!\#$%&'()!/0(!1,+-2&#+/$$3!-#,%$('!/+'!2D(0(!&.!+#!.%(-&1&-!/)+(.&/!/%/02!10#)!&2.!

.('/2&6(*D3%+#2&-!(11(-2.;!

!



! !! !!

!

! !

A_!

)*$%+,-'$.+*!

^+.#)+&/!/11(-2.!/8#,2!GL`!#1!2D(!7(+(0/$!%#%,$/2&#+!OE#2D=!ALLUP;!BD(.(!

.3)%2#).!&+-$,'(!'&11&-,$23!&+&2&/2&+7!.$((%=!'&11&-,$23!)/&+2/&+&+7!.$((%=!(/0$3!Z/a&+7=!/+'!

+#+0(.2#0/2&6(!#0!%##0!M,/$&23!#1!.$((%!O?+-#$&*^.0/($!/+'!E#2D=!@KKKP;!!^+.#)+&/!&.!

/..#-&/2('!Z&2D!&+-0(/.(.!&+!D(/$2D!%0#8$().=!/--&'(+2.=!-#.2.!2#!.#-&(23!/+'!'(-0(/.('!

M,/$&23!#1!$&1(!O?a(0.2('2=!ALLGb!]/$2(0!/+'!JD$(+D,2D=!@KKAb!R#,+'/2&#+=!@KK@b!c/2\!/+'!

>-d#0+(3=!ALLAb!>-d#0+(3!"#!$%=!@KKTb!>-d#0+(3!"#!$%=!@KKGb!>-d#0+(3!"#!$%=!@KKAP;!!

!

X&2D!2D&.!D&7D!%0(6/$(+-(!#1!&+.#)+&/=!D3%+#2&-.!/0(!/)#+7!2D(!)#.2!%0(.-0&8('!

)('&-/2&#+.;!!^+!%/02&-,$/0=!2D(0(!D/.!8((+!/!70#Z&+7!&+2(0(.2!&+!2D(!.#!-/$$('!["*'0,7.[!

2#!/&'!.$((%*0($/2('!'&.2,08/+-(.=!8(-/,.(!#1!2D(.(!'0,7.e!0(',-('!/8,.(!%#2(+2&/$=!

0/%&'!/-2&#+=!70(/2(0!.($(-2&6&23=!/+'!%0(.(06('!.$((%!/0-D&2(-2,0(!-#)%/0('!2#!#$'(0!

D3%+#2&-.;!!"*'0,7.!/0(!.20,-2,0/$$3!'&.2&+-2!10#)!8(+\#'&/\(%&+(.!O]"P=!8,2!D/6(!.&)&$/0!

D3%+#2&-!(11(-2.=!/+'!/%%(/0!2#!/-2!#+!2D(!]"!.&2(!#1!2D(!F?]??!0(-(%2#0;!!BD(!)#.2!

%#%,$/0!/+'!%#2(+2!"*'0,7!&.!\#$%&'()!O?)8&(+fP=!ZD&-D!&.!6(03!1/.2!/-2&+7!O"@N!)&+P!

O?2/-a!"#!$%=!ALLNb!H&-/2/!/+'!E#Z$(22=!ALLQb!>#0$#-a!"#!$%=!ALL_b!E#Z$(22!"#!$%=!ALLNb!

C/$6/!/+'!<#.2/=!@KKNP;!!"#$%&'()!8&+'.!2#!F?]??!0(-(%2#0.=!Z&2D!/!D&7D!/11&+&23!1#0!

2D#.(!-#+2/&+&+7!!@!.,8,+&2.;!!]#2D!0#'(+2!/+'!D,)/+!.2,'&(.!D/6(!.D#Z+!\#$%&'()!2#!

&+-0(/.(!2&)(!.%(+2!&+!.2/7(*A!/+'!.$#Z*Z/6(!.$((%=!/+'!&+-0(/.(!$/2(+-3!2#!0/%&'*(3(!

)#6()(+2!.$((%!O9(%##02(0(!"#!$%=!@KQ_b!I&-D#$.#+!/+'!5/.-#(=!@KQ_P;!^+!-#+20/.2=!

\#$%&'()!D/.!0(',-('!/+S&#$32&-!%0#%(02&(.!-#)%/0('!2#!8(+\#'&/\(%&+(.!O9(%##02(0(!"#!

$%=!@KQ_P;!

!

XD&$(!2D(!.('/2&6(!(11(-2!#1!\#$%&'()!&.!D($%1,$!&+!20(/2&+7!&+.#)+&/=!2D(0(!D/6(!

8((+!0(%#02.!#1!20#,8$(.#)(!%.3-D&/20&-!.&'(!(11(-2.=!(.%(-&/$$3!ZD(+!-#)8&+('!Z&2D!



! !! !!

!

! !

AU!

#2D(0!'0,7.;!!BD&.!-#+-(0+!D/.!0&.(+!.#!D&7D!2D/2!2D(!J;C;!R9?!D/.!Z/0+('!2D/2!\#$%&'()!

&.!/..#-&/2('!Z&2D![/8+#0)/$!2D&+a&+7!/+'!8(D/6&#0!-D/+7(.;;;8&\/00(!8(D/6&#0=!/7&2/2&#+=!

'(%(0.#+/$&\/2&#+;;;!D/$$,-&+/2&#+.;;;!e.$((%!'0&6&+7e;;;!D/6&+7!.(S;;;!!%/2&(+2.!,.,/$$3!'#!

+#2!0()()8(0!2D(.(!(6(+2.;!?)+(.&/;;;!)/3!#--,0!,+%0('&-2/8$3[!9(.%&2(!2D&.!$/8($&+7=!

#+$3!L;N`!#1!%/2&(+2.!0(%#02('!/+3!/)+(.&/!OC/+#1&*?6(+2&.=!ALLQP;!!

!

BD(!)()#03!&)%/&0)(+2!#1!]".=!.,-D!/.!20&/\#$/)!#0!)&'/\#$/)=!&.!Z($$*a+#Z+!

/+'!#12(+!,.('!2#!-$&+&-/$!/'6/+2/7(=!8,2!+#2!Z($$!,+'(0.2##'!O<,00/+=!@KK@b!9,a/!"#!$%=!

@KK_b!X##'.!"#!$%=!@KKAP;!!E(.(/0-D!7(+(0/$$3!.,77(.2.!2D/2!]".!%0#',-(!/+2(0#70/'(!

8,2!+#2!0(20#70/'(!/)+(.&/!OR&$$)#0(!"#!$%=!ALL@b!X(&+7/02+(0!"#!$%=!@KKAb!X&S2('=!ALLTP;!

XD&$(!\#$%&'()!&.!.20,-2,0/$$3!'&..&)&$/0!2#!2D(.(!]".=!&2!.D/0(.!/!-#))#+!8&+'&+7!.&2(!#+!

2D(!F?]??!0(-(%2#0=!/+'!2D(0(1#0(!)/3!%0#',-(!/!.&)&$/0!/)+(.&-!(11(-2;!!!

!

"#$%&'()!)/3!8(!'(-#,%$('!10#)!2D(!/+S&#$32&-!(11(-2.!#1!]".=!8(-/,.(!'0,7.!

2D/2!D/6(!70(/2(0!/11&+&23!1#0!!@!.,8,+&2*-#+2/&+&+7!0(-(%2#0.!%0#',-(!)#0(!.('/2&#+!/+'!

/)+(.&/!2D/+!2D#.(!2D/2!1/6#0!!A!#0!!G!.,8,+&2*-#+2/&+&+7!0(-(%2#0.=!ZD&-D!%0#',-(!

)#0(!/+S&#$3.&.;!!>,2/+2!/+/$3.&.!D/.!&'(+2&1&('!2D(!/)+(.&-!/+'!D3%+#2&-!(11(-2.!/.!

'(%(+'(+2!#+!2D(!!@!.,8,+&2=!ZD&$(!2D(!/+2&*/+S&(23!(11(-2!'(%(+'.!#+!2D(!!A!.,8,+&2!

O?2/-a=!ALLGb!9#$'(0!/+'!I($.#+=!ALLQP;!!BD(0(1#0(=!2D(!/)+(.&-!/+'!D3%+#2&-!(11(-2.!

)/3!8(!1,+-2&#+/$$3!-#,%$('=!/+'!2D,.!/0(!)#0(!%0#+#,+-('!&+!$&7/+'.!2D/2!1/6#0!!@!

.,8,+&2*-#+2/&+&+7!0(-(%2#0.=!.,-D!/.!\#$%&'();!

!

X(!-#+',-2('!/!'#.(*0(.%#+.(!/+/$3.&.!#1!2D(!(11(-2!#1!\#$%&'()!#+!5/6$#6&/+!

1(/0!-#+'&2&#+&+7;!!R(/0!-#+'&2&#+&+7!&+6#$6(.!%/&0&+7!/+!&+&2&/$$3!+(,20/$!2#+(!Z&2D!/+!

/6(0.&6(!1##2.D#-a!&+!/!'&.2&+-2!(+6&0#+)(+2/$!-#+2(S2;!!?12(0!20/&+&+7=!0#'(+2.!Z&$$!(SD&8&2!



! !! !!

!

! !

AQ!

1(/0=!)(/.,0('!/.!10((\&+7=!ZD(+!%0(.(+2('!Z&2D!2D(!20/&+&+7!2#+(=!#0!ZD(+!0(2,0+('!2#!

2D(!-#+2(S2!OR/+.($#Z=!@KQLb!R/+.($#Z!/+'!]#$$(.=!@KUKP;!!<#+2(S2,/$!1(/0!-#+'&2&#+&+7!

D/.!7/0+(0('!-#+.&'(0/8$(!&+2(0(.2!&+!0(-(+2!3(/0.!8(-/,.(!&2!&.!D&%%#-/)%,.*

'(%(+'(+2!/+'!D/.!8(-#)(!/!%0#)&+(+2!0#'(+2!)#'($!#1!'(-$/0/2&6(!)()#03!

O?+/7+#.2/0/.!"#!$%=!@KKK/b!?+/7+#.2/0/.!"#!$%=!ALLLP;!!5/6$#6&/+!1(/0!-#+'&2&#+&+7!&.!

/-M,&0('!0/%&'$3=!/+'!-/+!'&..#-&/2(!8(2Z((+!D&%%#-/)%,.*'(%(+'(+2!/+'!*

&+'(%(+'(+2!)()#03;!<#+.&.2(+2!Z&2D!D,)/+!'(-$/0/2&6(!)()#03=!-#+2(S2,/$!1(/0!

70/',/$$3!8(-#)(.!&+'(%(+'(+2!#1!2D(!D&%%#-/)%,.=!/.!2D&.!)()#03!&.!-#+.#$&'/2('!2#!

+(#-#02&-/$!.20,-2,0(.!O?+/7+#.2/0/.!"#!$%=!@KKK8b!R0/+a$/+'!"#!$%=!ALLTb!>/0(+!"#!$%=!

@KKQb!g,&++!"#!$%=!ALLQP;!!^+!-#+20/.2=!2#+(!O-,('P!1(/0!&.!&+'(%(+'(+2!#1!2D(!

D&%%#-/)%,.!O?+/7+#.2/0/.!"#!$%=!ALL@P=!3(2!8#2D!-#+2(S2,/$!/+'!-,('!1(/0!)()#03!

'(%(+'!#+!2D(!/)37'/$/!1#0!2D(!$&1(2&)(!#1!2D(!/+&)/$!OF/$(!"#!$%=!ALLTP;!!!

!

X(!/')&+&.2(0('!/!0/+7(!#1!'#.(.!#1!\#$%&'()!@N!)&+!8(1#0(!20/&+&+7!#+!

5/6$#6&/+!1(/0!-#+'&2&#+&+7=!/+'!2D(+!2(.2('!2D(!/+&)/$.!1#0!-#+2(S2,/$!/+'!-,('!

)()#03!#11*'0,7;!X(!/$.#!(S/)&+('!$#-#)#2#0!/-2&6&23!/+'!.$((%!8(D/6&#0=!%0('&-2&+7!

2D/2!/)+(.&/!Z#,$'!/%%(/0!8(1#0(!/+&)/$.!Z(0(!.('/2(';!!^+!-#+20/.2=!2D(!/)+(.&-!/+'!

D3%+#2&-!(11(-2.!#1!\#$%&'()!.(()('!1,+-2&#+/$$3!-#,%$('=!/$2D#,7D!D3%+#.&.!/%%(/0('!

/2!.$&7D2$3!$#Z(0!'#.(.!2D/+!/)+(.&/;!!BD/2!&.=!/+&)/$.!D/'!2#!8(!&+!/!0($/2&6($3!'((%!

.$((%!2#!(S%(0&(+-(!/)+(.&/;!!!

(

/&$0%.&1#(&*,(/0$2+,#(

&'()"*#+;!?!2#2/$!#1!@AT!D380&'!<NU]HY_:S@AKBAC6V).Y:!O<0/Z$(3!"#!$%=!@KKUb!

>/23+&/!"#!$%=!ALLQP!)/$(!/+'!1()/$(!)&-(!O/%%0#S&)/2($3!(M,&6/$(+2!.(S(.=!.2#-a!10#)!

2D(!:/-a.#+!H/8#0/2#03=!X(.2!C/-0/)(+2#=!<?P!Z(0(!8/$/+-('!/-0#..!70#,%.;!!>&-(!



! !! !!

!

! !

AK!

Z(0(!&+!/!@T4@L!$&7D24'/0a!-3-$(!1#0!2D(!',0/2&#+!#1!2D(!(S%(0&)(+2;!!?$$!/+&)/$.!Z(0(!

D/+'$('!1&6(!2&)(.!1#0!#+(!)&+!(/-D!%0&#0!2#!2D(!.2/02!#1!2D(!(S%(0&)(+2;!BD(3!D/'!

,+0(.20&-2('!/--(..!2#!1##'!/+'!Z/2(0;!!?$$!(S%(0&)(+2.!Z(0(!-#+',-2('!&+!/--#0'/+-(!

Z&2D!2D(!I^d!F,&'(!1#0!2D(!</0(!/+'!J.(!#1!H/8#0/2#03!?+&)/$.=!/+'!Z(0(!/%%0#6('!83!

2D(!J<C9!^?<J<;!

!

,-'.+/!"#$%&'()!2/020/2(!OC/+#1&*?6(+2&.=!]0&'7(Z/2(0=!I:P!Z/.!'&..#$6('!&+!L;K`!

.#'&,)!-D$#0&'(;!>&-(!Z(0(!0/+'#)$3!/..&7+('!2#!#+(!#1!+&+(!\#$%&'()!'#.(.!&+!#0'(0!2#!

1#0)!/!8/.(*A!$#7/0&2D)&-!'#.(*0(.%#+.(!-,06(4!L!)7Ya7!O./$&+(!-#+20#$.=!+hAQP=!L;L@=!

L;LN=!L;@=!L;N=!@;L=!A;L=!T;L=!/+'!Q;L!)7Ya7!O0!h!@AY\#$%&'()!'#.(P;!!^+i(-2&#+.!Z(0(!7&6(+!

@N!)&+,2(.!%0&#0!2#!20/&+&+7!&;%;!O@L!)$Ya7b!10((!\#$%&'()!Z(&7D2P;!!BD(.(!'#.(.!Z(0(!

-D#.(+!/0#,+'!2D(!%0(.-0&8('!'#./7(!O@L!)7=!#0!/8#,2!L;@N!)7Ya7P=!/+'!Q;L!)7Ya7!Z/.!

-D#.(+!/.!2D(!D&7D(.2!'#.(!8(-/,.(!&2!%0#',-(.!'((%!.$((%!O9(%##02(0(!"#!$%=!@KQ_P;!

BD(!H9NL!1#0!\#$%&'()!&.!j!_LL!)7Ya7!O)/$(!0/2.P!.#!2D&.!Z/.!+#2!/!-(+20/$!-#+-(0+!

OC/+#1&*C3+2D($/8#=!ALL@P;!

!

1"$-!*2034#42040./!9,0&+7!20/&+&+7=!)&-(!Z(0(!%$/-('!&+2#!/!1(/0!-#+'&2&#+&+7!

-D/)8(0!#+*'0,7!O.((!52034#42040.!520#"6#!8($#ZP;!?12(0!/!A*)&+!8/.($&+(=!2D(3!Z(0(!

7&6(+!#+(!2#+(!OA;Q*ad\=!GL*.=!QN*']Pk1##2.D#-a!OA*.=!L;UN*)?=!?<=!.-/)8$('P!%/&0&+7!

ZD&-D!-#*2(0)&+/2('!A;N!)&+!&+2#!20/&+&+7;!!?12(0!/+!/''&2&#+/$!U;N!)&+=!ZD&-D!.(06('!/.!

/+!(S2(+'('!%#.2*.D#-a!10((\&+7!2(.2=!2D(3!Z(0(!0(2,0+('!2#!2D(&0!D#)(!-/7(.;!?!Z((a!

$/2(0=!)&-(!Z(0(!2(.2('!1#0!-#+2(S2,/$!)()#03!O#11*'0,7P!83!%$/-&+7!2D()!8/-a!&+2#!2D(!

#0&7&+/$!-D/)8(0!1#0!N!)&+;!!BD(!1#$$#Z&+7!'/3=!)&-(!Z(0(!2(.2('!1#0!2#+(!)()#03!O/$.#!

#11*'0,7P!83!%$/-&+7!2D()!&+2#!/+!/$2(0+/2(!-#+2(S2!O.((!8($#ZP!1#0!/!A*)&+!8/.($&+(!

%(0&#'=!1#$$#Z('!83!%0(.(+2/2&#+!#1!2D0((!GL*.(-!2#+(.!O./)(!/.!20/&+&+7P=!(/-D!



! !! !!

!

! !

GL!

.(%/0/2('!83!GL!.(-=!Z&2D#,2!.D#-a;!!R0((\&+7!/+'!70#..!)#6()(+2!Z(0(!/..(..('!1#0!

2D(!(+2&0(!20/&+&+7!/+'!2(.2&+7!%(0&#'.!,.&+7!/+!/,2#)/2('!/$7#0&2D)!O.((!8($#ZP;!

VS%(0&)(+2/$$3!8$&+'!#8.(06(0.!D/+'*.-#0('!.$((%!8(D/6&#0!83!2&)(*./)%$&+7!(6(03!Q*

.(-!1#0!2D(!A!)&+!%(0&#'!%0&#0!2#!2D(!2#+(*.D#-a!%(0&#'!#+!2D(!20/&+&+7!'/3b!.$((%!Z/.!

'(1&+('!/.!2D(!)#,.(!D/6&+7!&2.!(3(.!-$#.('!/+'!/!$/-a!#1!/$$!)#6()(+2!(S-(%2!2D/2!

0(M,&0('!1#0!0(.%&0/2&#+;!

!

52034#42040.!*20#"6#/!R#,0!)&-(!Z(0(!2(.2('!-#+-,00(+2$3=!&+!&+'&6&',/$!

-#+'&2&#+&+7!-D/)8(0.!D#,.('!&+!/!Z&+'#Z$(..!0##);!V/-D!-D/)8(0!OGA!-)!Z&'(=!AN!

-)!D&7D=!AN!-)!'((%P!Z/.!$#-/2('!Z&2D&+!/!.#,+'!/22(+,/2&+7!-D/)8(0!O_G;N!-)!Z&'(=!

GN;N!-)!D&7D=!U_!-)!'((%b!>('*?..#-&/2(.!^+-;=!F(#07&/=!lBP!/+'!(M,&%%('!Z&2D!/!

.%(/a(0!&+!2D(!.&'(!Z/$$=!/!.2/&+$(..!.2(($!70&'!1$##0!OG_!0#'.=!(/-D!0#'!A*))!'&/)(2(0=!Q*

))!-(+2(0!2#!-(+2(0b!>('*?..#-&/2(.!^+-;=!F(#07&/=!lBP!/+'!.2/&+$(..!.2(($!'0#%*%/+;!

9,0&+7!(/-D!20&/$=!-D/)8(0.!Z(0(!.-(+2('!Z&2D!U`!&.#%0#%3$!/$-#D#$!2#!%0#6&'(!/!

8/-a70#,+'!#'#0!/+'!8/-a70#,+'!+#&.(!O_N*']P!Z/.!%0#6&'('!83!&+2(0+/$!1/+.;!V/-D!

.#,+'!/22(+,/2&+7!-D/)8(0!Z/.!(M,&%%('!Z&2D!/+!#6(0D(/'!HV9!$&7D2!.#,0-(!%0#6&'&+7!

ZD&2(!/+'!+(/0!&+10/0('!$&7D2=!/+'!/+!^VVV!@GKT!%0#70(..&6(!.-/+!6&'(#!-/)(0/!Z&2D!/!

6&.&8$(!$&7D2!1&$2(0!Ol^9*<?>*>mIm*A?b!>('*?..#-&/2(.!^+-;=!F(#07&/=!lBP!-#++(-2('!2#!

/!-#)%,2(0!/+'!6&'(#!(M,&%)(+2!&+!/+!/'i/-(+2!0##);!V/-D!-D/)8(0!Z/.!-#++(-2('!2#!

/!.#$&'*.2/2(!.-0/)8$(0=!%0#6&'&+7!?<!-#+.2/+2!-,00(+2!.D#-a=!/+'!/+!/,'&#!.2&),$,.!

7(+(0/2#0=!-#+20#$$('!6&/!/+!&+2(01/-(!-#++(-2('!2#!/!X&+'#Z.!-#)%,2(0!0,++&+7!l&'(#!

R0((\(!O>('*?..#-&/2(.!^+-;=!F(#07&/=!lBP=!/!+#6($!%0#70/)!'(.&7+('!1#0!2D(!/,2#)/2('!

/..(..)(+2!#1!10((\&+7!/+'!)#2#0!/-2&6&23;!^+!0(.,$2.!2D/2!Z&$$!8(!%,8$&.D('!)#0(!1,$$3!

($.(ZD(0(=!-#)%,2(0!/+'!D,)/+!.-#0('!'/2/!D/'!/!-#00($/2&#+!#1!L;KU@!/+'!/!1&2!#1!



! !! !!

!

! !

G@!

-#)%,2(0!h!kL;LLU!n!L;KUT!S!D,)/+!O1#0!/''&2&#+/$!'(2/&$!.((!1#0!(;7;=!?+/7+#.2/0/.!"#!

$%=!ALLLb!CD,)/+!"#!$%=!ALLKb!X##'!/+'!?+/7+#.2/0/.=!ALLQP;!!

!

7%#"-0$#"!*20#"6#/!R#0!2(.2&+7!-,('!O2#+(P!1(/0=!2D(!-#+'&2&#+&+7!-#+2(S2!Z/.!

)#'&1&('!/$#+7!.(6(0/$!'&)(+.&#+.;!XD&2(!/-03$&-!.D((2.!Z(0(!%$/-('!#6(0!2D(!70&'!1$##0!

2#!%0#6&'(!/!'&11(0(+2!.(+.#03!(S%(0&(+-(!/+'!/!8$/-a!%$/.2&-=!20&/+7,$/0!2(+2!20/+.$,-(+2!

#+$3!2#!+(/0!&+10/0('!$&7D2!Z/.!%$/-('!&+.&'(!(/-D!8#S=!Z&2D!(/-D!.&'(!#1!2D(!20&/+7$(!

)(/.,0&+7!AG-);!m+$3!+(/0!&+10/0('!$&7D2!Z/.!,.('!-0(/2&+7!/!-#)%$(2($3!'/0a!

(+6&0#+)(+2!6&.&8$(!#+$3!2#!2D(!6&'(#!-/)(0/;!](2Z((+!2(.2.=!2D(!-D/)8(0.!Z(0(!

-$(/+('!/+'!.-(+2('!Z&2D!/!N`!ZD&2(!6&+(7/0!.#$,2&#+;!!

!

&#$#4+#4*+!""9/2/!Z(0(!(+2(0('!&+2#!/+!/+/$3.&.!#1!6/0&/+-(!O?Iml?P;!!F(+(0/$$3=!

1#$$#Z&+7!/!.&7+&1&-/+2!#)+&8,.!,+&6/0&/2(!?Iml?!1#0!(/-D!'(%(+'(+2!)(/.,0(=!),$2&%$(!

%#.2*D#-!-#)%/0&.#+.!Z(0(!)/'(!,.&+7!R&.D(0e.!%0#2(-2('!$(/.2!.&7+&1&-/+2!'&11(0(+-(!

O5HC9P=!-#)%/0&+7!(/-D!'#.(!Z&2D!2D(!./$&+(!-#+20#$!70#,%!OC5CC!@_=!C?C!C#12Z/0(=!

</03=!Idb!50&.)!N;L=!F0/%D%/'!C#12Z/0(=!H/!:#$$/=!<?P;!!BD(!$(6($!#1!.&7+&1&-/+-(!Z/.!

.(2!/2!8!!"!L;LN;!!!(

(

30#-1$#(

9$+"%40"!&%""8/!BD(0(!Z/.!/!'#.(*'(%(+'(+2!(11(-2!#1!\#$%&'()!#+!.$((%!',0&+7!

2D(!A*)&+!#1!8/.($&+(!20/&+&+7!OR&7!@?P;!?$2D#,7D!2D(!'(1&+&2&#+!#1!.$((%!%/02&/$$3!#6(0$/%.!

Z&2D!10((\&+7=!2D(!-#00($/2&#+!8(2Z((+!.$((%!/+'!10((\&+7!',0&+7!2D(!20/&+&+7!.(..&#+!

.,77(.2.!2D(.(!)(/.,0(.!/0(!0($/2('=!3(2!'&11(0(+2!O0A!h!L;TU=!8!o!L;LLL@P;!!BD(0(!Z(0(!

.&7+&1&-/+2!70#,%!'&11(0(+-(.!&+!%(0-(+2!#1!2&)(!.$((%&+7!p1OQ=!@@NP!h!GN;K=!%!"!L;LLL@q;!

9#.(.!#1!\#$%&'()!8(2Z((+!L;N*Q!)7Ya7!#1!&+',-('!)#0(!.$((%!-#)%/0('!2#!./$&+(!



! !! !!

!

! !

GA!

-#+20#$.!OR&.D(0r.!5HC9=!8!!6/$,(.!"!L;LNP;!I#!#2D(0!70#,%.!Z(0(!.&7+&1&-/+2$3!'&11(0(+2!

2D/+!-#+20#$.!O8!!6/$,(.!j!L;LNP;!

!

9$+"%40"!7*#4:4#;/!"#$%&'()!%0#',-('!/!'#.(*'(%(+'(+2!'(-0(/.(!&+!8/.($&+(!

$#-#)#2#0!/-2&6&23!',0&+7!2D(!1&0.2!A*)&+!#1!20/&+&+7!OR&7!@]P;!?!#+(*Z/3!?Iml?!0(6(/$('!

70#,%!'&11(0(+-(.!p1OQ=!@@NP!h!@K;Q=!%!"!L;LLL@q;!C,8i(-2.!/')&+&.2(0('!L;N*Q!)7Ya7!#1!

\#$%&'()!%0(*20/&+&+7!'&.%$/3('!.&7+&1&-/+2$3!'(-0(/.('!/-2&6&23!-#)%/0('!2#!./$&+(!

-#+20#$.!O8!!6/$,(.!"!L;L@P;!^+'(('=!'#.(.!#1!@!)7Ya7!/+'!/8#6(!6&02,/$$3!/8#$&.D('!

$#-#)#2#0!/-2&6&23;!!I#!#2D(0!70#,%.!Z(0(!.&7+&1&-/+2$3!'&11(0(+2!2D/+!2D(!-#+20#$!70#,%!O8!!

6/$,(.!j!L;LNP;!

!

&<2*=!>"$*#4:4#;/!BD(0(!Z(0(!70#,%!'&11(0(+-(.!&+!.D#-a!0(/-2&6&23=!ZD&-D!&.!

)(/.,0('!83!$#-#)#2#0!/-2&6&23!',0&+7!2D(!A*.!1##2.D#-a!pR&7!@<b!1OQ=!@@NP!h!AG;U=!%!"!

L;LLL@q;!C,0%0&.&+7$3=!L;L@!/+'!L;LN!)7Ya7!.,8.2/+2&/$$3!&+-0(/.('!)#2#0!0(/-2&6&23!2#!2D(!

.D#-a!O8!!6/$,(.!"!L;L@P=!Z&2D#,2!/11(-2&+7!8/.($&+(!$#-#)#2#0!/-2&6&23!#0!.$((%!O.((!

/8#6(Pb!!&+!-#+20/.2!A*Q!)7Ya7!#1!\#$%&'()!/8#$&.D('!.D#-a!0(/-2&6&23!ZD(+!-#)%/0('!2#!

./$&+(!-#+20#$.!O8!!6/$,(.!"!L;LLL@P;!!BD&.!.,77(.2.!2D/2!'#.(.!#1!A!)7Ya7!/+'!/8#6(!

%0#',-(!/!%0#1#,+'$3!'((%!.$((%=!2#!2D(!%#&+2!2D/2!)&-(!-#,$'!+#2!8(!/0#,.('!Z&2D!

1##2.D#-a;!m2D(0!70#,%.!Z(0(!+#2!.&7+&1&-/+2$3!'&11(0(+2!2D/+!2D(!-#+20#$!70#,%!O8!!6/$,(.!

j!L;LNP;!

!

?-$4040./!R&7,0(!A?!'(%&-2.!2D(!1&0.2!N!)&+!#1!20/&+&+7=!-#+.&.2&+7!#1!/!A*)&+!

8/.($&+(!%(0&#'=!1#$$#Z('!83!/!GL*.!2#+(!-#*2(0)&+/2&+7!Z&2D!/!A*.!1##2.D#-a!/2!A;N!)&+;!

BD(0(!Z/.!/!.&7+&1&-/+2!)/&+!(11(-2!#1!70#,%!p1OQ=!@@NP!h!GL;_=!%!"!L;LLL@q!/+'!'#.(*83*

)&+,2(!&+2(0/-2&#+!p1OGA=!@@NP!h!@K;Q=!%!"!L;LLL@q;!5#.2!D#-!-#)%/0&.#+.!0(6(/$('!/!



! !! !!

!

! !

GG!

'#.(*'(%(+'(+2!&+-0(/.(!&+!10((\&+7!1#0!.,8i(-2.!2D/2!0(-(&6('!L;N*Q!)7Ya7!#1!\#$%&'()!

O8!!6/$,(.!"!L;LLL@P;!I#!#2D(0!70#,%.!Z(0(!.&7+&1&-/+2$3!'&11(0(+2!2D/+!-#+20#$.!O8!!6/$,(.!

j!L;LNP;!

!

@2+#A+<2*=!B-""C40./!^+!)&+,2(.!_!2D0#,7D!@L!#1!20/&+&+7=!10((\&+7!Z/.!)(/.,0('!

Z&2D!+#!1,02D(0!%0(.(+2/2&#+!#1!2#+(!#0!.D#-a=!/.!/+!&+'(S!#1!%#.2*.D#-a!10((\&+7!#0!

&))('&/2(!)()#03!OR&7!A]b!?+/7+#.2/0/.!"#!$%=!ALLGP;!BD(0(!Z(0(!.&7+&1&-/+2!70#,%!

'&11(0(+-(.!p1OQ=!@@NP!h!@G;K=!%!"!L;LLL@q;!5#.2!D#-!-#)%/0&.#+.!0(6(/$('!/!'#.(*

'(%(+'(+2!&+-0(/.(!&+!10((\&+7!1#0!.,8i(-2.!2D/2!0(-(&6('!L;N*Q!)7Ya7!#1!\#$%&'()!O8!!

6/$,(.!"!L;LLL@P;!I#!#2D(0!70#,%.!Z(0(!.&7+&1&-/+2$3!'&11(0(+2!2D/+!2D(!-#+20#$!70#,%!O8!!

6/$,(.!j!L;LNP;!!m6(0/$$=!2D(.(!'/2/!.,77(.2!2D/2!(11(-2.!#+!10((\&+7!',0&+7!20/&+&+7!

OZD(+!)&-(!Z(0(!#+*'0,7P!/0(!'&0(-2$3!0($/2('!2#!2D(!'0,7e.!(11(-2!#+!$#-#)#2#0!/-2&6&23!

/+'!.$((%;!!R#0!(S/)%$(=!L;N!)7Ya7!%/02&/$$3!/22(+,/2('!8/.($&+(!$#-#)#2#0!/-2&6&23!OR&7!

@]P=!%/02&/$$3!&+',-('!.$((%!O@?P=!/+'!%0#',-('!/!.)/$$!&+-0(/.(!&+!#8.(06('!10((\&+7;!!

9#.(.!#1!@!)7Ya7!/+'!/8#6(!%0#1#,+'$3!'(-0(/.('!/-2&6&23=!&+-0(/.('!.$((%=!/+'!

10((\&+7;!!!

!

520#"6#'$%!D"E2-;!?"+#/!>&-(!Z(0(!0(2,0+('!2#!2D(!#0&7&+/$!20/&+&+7!-D/)8(0.!

.(6(+!'/3.!/12(0!20/&+&+7=!1#0!/+!#11*'0,7!)()#03!2(.2;!R0((\&+7!Z/.!)(/.,0('!1#0!N!)&+!

Z&2D#,2!/+3!%0(.(+2/2&#+!#1!2D(!2#+(!#0!.D#-a!OR&7!G?P;!"#$%&'()*20/&+('!/+&)/$.!D/'!/!

'#.(*'(%(+'(+2!&)%/&0)(+2!p1OQ=!@@NP!h!K;G=!%!"!L;LLL@q=!.,-D!2D/2!'#.(.!#1!@*Q!)7Ya7!

',0&+7!20/&+&+7!&)%/&0('!-#+2(S2,/$!1(/0!)()#03!-#)%/0('!2#!./$&+(!-#+20#$.!O8!!6/$,(.!"!

L;LLL@P;!I#!#2D(0!70#,%.!Z(0(!.&7+&1&-/+2$3!'&11(0(+2!2D/+!-#+20#$.!O8!!6/$,(.!j!L;LNP;!!

BD(0(1#0(=!'#.(.!2D/2!%0#',-('!/!$#2!#1!.$((%!',0&+7!20/&+&+7!OR&7!@]P=!/$.#!%0#',-('!

'(1&-&2.!&+!-#+2(S2,/$!1(/0!)()#03;!!m+(!'#.(!OL;N!)7Ya7P=!D#Z(6(0=!&+',-('!.#)(!.$((%!



! !! !!

!

! !

GT!

8,2!1/&$('!2#!%0#',-(!/!'(1&-&2!&+!-#+2(S2,/$!)()#03;!!BD&.!&+'&-/2(.!2D/2!2D(!/)+(.&-!

(11(-2!#1!2D(!'0,7!0(M,&0(.!/!D&7D(0!'#.(!2D/+!2D(!D3%+#2&-!(11(-2;!!

!

?20"!D"E2-;!?"+#/!BZ(+23*1#,0!D#,0.!/12(0!2D(!-#+2(S2,/$!)()#03!2(.2=!)&-(!

Z(0(!%$/-('!&+2#!2D(!/$2(0+/2(!-#+2(S2;!R0((\&+7!Z/.!)(/.,0('!1#0!N!)&+=!-#+.&.2&+7!#1!/!

A*)&+!8/.($&+(!%(0&#'!1#$$#Z('!83!2D0((!GL*.!%0(.(+2/2&#+.!#1!2D(!20/&+&+7!2#+(!OR&7!G]P;!

B#+(!)()#03!Z/.!)(/.,0('!/.!10((\&+7!',0&+7!2D(!8/.($&+(!.,820/-2('!10#)!2D(!

/6(0/7(!10((\&+7!2#!2D(!G!2#+(.;!BD(0(!Z/.!/!'#.(*'(%(+'(+2!&)%/&0)(+2!p1OQ=!@@NP!h!

A;L=!%!"!L;LNq=!/.!D&7D!'#.(.!OA!/+'!Q!)7Ya7!#1!\#$%&'()!',0&+7!20/&+&+7P!&)%/&0('!2#+(!

)()#03!-#)%/0('!2#!./$&+(!-#+20#$.!O8!!6/$,(.!"!L;LLL@P;!I#!#2D(0!70#,%.!Z(0(!

.&7+&1&-/+2$3!'&11(0(+2!2D/+!2D(!-#+20#$!70#,%!O8!!6/$,(.!j!L;LNP;!

!

D"34$0!FBB"*#4:"!,2+"!5$%*'%$#420+/!]/.('!#+!2D(!%0(-('&+7!1&+'&+7.=!&2!

/%%(/0('!2D/2!\#$%&'()!&+',-('!.$((%!OL;N*Q!)7Ya7P!8(1#0(!D/6&+7!/+!(11(-2!#+!(&2D(0!

-#+2(S2!O@*Q!)7Ya7P!#0!2#+(!)()#03!OA!/+'!Q!)7Ya7P;!^+!#0'(0!2#!1,02D(0!(S/)&+(!2D&.!

0($/2&#+.D&%=!2D(!)('&/+!(11(-2&6(!'#.(!Z/.!-/$-,$/2('!1#0!2D(!.$((%!&+',-&+7!(11(-2.=!/.!

Z($$!/.!2D(!-#+2(S2,/$!/+'!-,('!1(/0!)()#03!'(1&-&2.;!!>('&/+!(11(-2&6(!'#.(!Z/.!

-/$-,$/2('!/--#0'&+7!2#!%0(6&#,.!)(2D#'.!O?+/7+#.2/0/.!"#!$%=!@KKK8b!I&(.=!@KKGP4!@P!

.$((%!&+',-2&#+!Z/.!'(1&+('!/.!#+(*D/$1!&+-0(/.(!O`.$((%P=!0($/2&6(!2#!2D(!)(/+!#1!./$&+(!

-#+20#$.b!/)+(.&/!Z/.!'(1&+('!/.!/!#+(*D/$1!'(-0(/.(!O`!10((\&+7P!0($/2&6(!2#!2D(!)(/+!

#1!./$&+(!-#+20#$.=!1#0!-#+2(S2!/+'!2#+(!.(%/0/2($3;!!?.!.,-D=!/+&)/$.!&+!(/-D!70#,%!2D/2!

D/'!)#0(!2D/+!O.$((%P!#0!$(..!2D/+!O10((\&+7P!D/$1!#1!2D(!/6(0/7(!-#+20#$!0(.%#+.(.!Z(0(!

/..&7+('!/!6/$,(!#1!@=!/+'!/$$!#2D(0!/+&)/$.!Z(0(!/..&7+('!/!\(0#b!AP!%0#8/8&$&23*'#.(!

-,06(.!Z(0(!2D(+!7(+(0/2('!OR&7!T?*<P!/+'!$#7/0&2D)&-!-,06(!1&2.!O(S-$,'&+7!./$&+(!



! !! !!

!

! !

GN!

-#+20#$.P!Z(0(!)/'(b!/+'!GP!2D(!V9NL!1#0!(/-D!(11(-2!Z/.!-#)%,2('!10#)!2D(!8(.2!-,06(!

1&2!O50&.)!N;L=!F0/%D%/'!C#12Z/0(=!H/!:#$$/=!<?P;!!

!

R&7,0(!T?*<!'(%&-2.!2D(!%0#8/8&$&23!#1!#8.(06&+7!.$((%!O#+(*D/$1!&+-0(/.(!&+!

8/.($&+(!.$((%P!#0!/)+(.&/!1#0!2#+(!#0!-#+2(S2,/$!)()#03!O#+(*D/$1!'(-0()(+2.!&+!

-#+2(S2!#0!2#+(!)()#03P;!!BD(!$#Z(.2!'#.(!Z/.!0(M,&0('!1#0!.$((%!&+',-2&#+=!Z&2D!/8#,2!

L;TL!)7Ya7!\#$%&'()!&+',-&+7!.$((%!&+!D/$1!#1!2D(!.,8i(-2.!OR&7!T?P;!!R#0!-#+2(S2=!/8#,2!

L;U@!)7Ya7!Z/.!0(M,&0('!2#!%0#',-(!/)+(.&/!OR&7!T]P;!R#0!2#+(=!/!$#Z(0=!8,2!6(03!

.&)&$/0=!'#.(!#1!L;NT!)7Ya7!Z/.!0(M,&0('!OT<P;!BD(.(!0(.,$2.!/70((!Z&2D!2D(!%0(6&#,.!

-/$-,$/2&#+.=!ZD(0(!.&7+&1&-/+2!'(1&-&2.!Z(0(!&+!2D(!0/+7(!#1!@*Q!)7Ya7!/+'!A*Q)7Ya7!1#0!

-#+2(S2,/$!/+'!2#+(!2(.2.=!0(.%(-2&6($3=!/+'!2D(!/11(-2('!0/+7(!1#0!8/.($&+(!.$((%!Z/.!

L;N*Q!)7Ya7;!BD(!0(.,$2.!10#)!2D(!/+/$3.&.!#1!6/0&/+-(!/+'!)('&/+!(11(-2&6(!'#.(!

-/$-,$/2&#+.!-#+6(07(!#+!2D(!-#+-$,.&#+!2D/2!\#$%&'()!&+',-(.!.$((%!8(1#0(!/)+(.&/!1#0!

8#2D!-#+2(S2!/+'!2#+(!-#+'&2&#+&+7;!I#+(2D($(..=!2D(!V9NL.!1/$$!Z&2D&+!.&)&$/0!'#.(!

0/+7(.=!.,77(.2&+7!2D(!(11(-2.!/0(!1,+-2&#+/$$3!-#,%$(';!

(

4.#'-##.+*(

! <#+.&.2(+2!Z&2D!(6&'(+-(!2D/2!\#$%&'()!-/+!%0#',-(!/)+(.&/=!D&7D!'#.(.!#1!

\#$%&'()!',0&+7!20/&+&+7!&)%/&0('!)()#03!#1!-#+2(S2!/+'!2#+(!1(/0!ZD(+!)&-(!Z(0(!

2(.2('!#11*'0,7!#+(!Z((a!$/2(0;!!BD(.(!'#.(.=!D#Z(6(0=!/$.#!&+',-('!%0#1#,+'!/)#,+2.!

#1!.$((%=!Z&2D!/--#)%/+3&+7!0(',-2&#+.!#1!$#-#)#2#0!/-2&6&23;!!XD&$(!&)%/&0)(+2.!1#0!

-#+2(S2!/+'!2#+(!)()#03!'&'!+#2!#--,0!,+2&$!'#.(.!0(/-D('!@!/+'!A!)7Ya7=!&+-0(/.('!

.$((%!/2!20/&+&+7!8(7/+!/2!L;N!)7Ya7;!9(.%&2(!2D(!/+&)/$.!8(&+7!)#0(!.('/2('!/2!L;N!

)7Ya7=!2D&.!'#.(!'&'!+#2!-/,.(!'(1&-&2.!&+!-#+2(S2!/+'!2#+(!)()#03=!+#0!'&'!/+3!#1!2D(!

$#Z(0!'#.(.;!^+'(('=!/2!A!)7Ya7!/+'!/8#6(=!.$((%!Z/.!.#!'((%!2D/2!)&-(!(SD&8&2('!+#!



! !! !!

!

! !

G_!

0(/-2&#+!ZD/2.#(6(0!2#!1##2.D#-a!OR&7!@<P;!!m6(0/$$=!2D&.!'/2/!.,77(.2.!2D/2!.$((%!/+'!

/)+(.&/!/0(!1,+-2&#+/$$3!-#,%$('=!Z&2D!.$((%!#--,00&+7!i,.2!8(1#0(!/+2(0#70/'(!/)+(.&/!

.(2.!&+;!

! !

50&#0!D,)/+!.2,'&(.!D/6(!1#,+'!2D/2!&2!2/a(.!/2!$(/.2!@N*AL)7!#1!\#$%&'()!2#!

0($&/8$3!&)%/&0!/!6/0&(23!#1!)()#03!2/.a.=!&+-$,'&+7!6(08/$!0(-/$$!/+'!0(-#7+&2&#+=!'&7&2!

.,8.2&2,2&#+=!%.3-D#)#2#0!2(.2&+7=!(2-!O>/22&$/!"#!$%=!@KKQb!>&+2\(0!/+'!F0&11&2D.=!@KKK/=!8b!

E#(D0.!"#!$%=!@KKTb!X(.(+.2(+!"#!$%=!@KKNP;!d#Z(6(0=!2D(.(!'#.(.!/0(!D&7D(0!2D/+!ZD/2!

&.!23%&-/$$3!%0(.-0&8('!1#0!.$((%!&+',-2&#+!O@L!)7P=!/.!/2!@N*AL!)7!2D(0(!&.!/+!&+-0(/.(!&+!

.('/2&#+=!&+-0(/.('!.,8i(-2&6(!0(%#02.!#1!.$((%&+(..!O>&+2\(0!"#!$%=!@KKK8P!/!.,8i(-2&6(!

1(($&+7!#1!8(&+7!'0,77('!O>/22&$/!"#!$%=!@KKQP=!'(-0(/.('!$/2(+-3!2#!.$((%!OE#(D0.!"#!$%=!

@KKTP=!'(-0(/.('!$/2(+-3!2#!.2/7(!A!.$((%!OX(.(+.2(+!"#!$%=!@KKNP=!/+'!/+!&+-0(/.(!&+!

2D(!/)#,+2!#1!.$#Z*Z/6(!.$((%!OX(.(+.2(+!"#!$%=!@KKNP;!9(.%&2(!1&+'&+7!/)+(.&-!/+'!

D3%+#2&-!(11(-2.!#--,00&+7!/2!2D(!./)(!'#.(.=!1(Z!.2,'&(.!D/6(!2&('!2D(!2Z#!2#7(2D(0!2#!

.,77(.2!2D/2!2D(!)()#03!&)%/&0)(+2.!/0(!/!0(.,$2!#1!+#2!8(&+7!1,$$3!/Z/a(!2#!%0#-(..!

&+1#0)/2&#+;!^2!&.!,+0(/.#+/8$(!2#!(S%(-2!.$((%&+7!.,8i(-2.!2#!$(/0+!/.!Z($$!/.!/Z/a(!

.,8i(-2.;!BD(0(1#0(=!Z(!8($&(6(!2D/2!/+!/..(..)(+2!#1!.$((%!.2/2,.!&.!/+!(..(+2&/$!

-#)%#+(+2!#1!.2,'&(.!(S/)&+&+7!/)+(.&/!/+'!'0,7.!/-2&+7!/2!F?]??!0(-(%2#0.;!

!

<#+.&.2(+2!Z&2D!%0(6&#,.!0#'(+2!.2,'&(.=!D3%+#2&-!(11(-2.=!.,-D!/.!'(-0(/.(.!&+!

$#-#)#2#0!/-2&6&23=!0(.,$2!(6(+!10#)!$#Z!'#.(.!#1!\#$%&'()=!O"!L;N!)7Ya7P;!d#Z(6(0=!

)()#03!'(1&-&2.!#+!/-2&6(!/6#&'/+-(!/+'!%,+&.D('!'0&+a&+7!'#!+#2!/%%(/0!,+2&$!'#.(.!#1!

@!)7Ya7!#0!D&7D(0!O9(%##02(0(!"#!$%=!@KQ_b!C/+7(0!"#!$%=!@KQ_P;!XD&$(!2D(!(S/-2!

20/+.$/2&#+!8(2Z((+!0#'(+2!/+'!D,)/+!'#.&+7!&.!,+-$(/0!OCD,)/+!"#!$%=!ALLKb!X##'!/+'!

?+/7+#.2/0/.=!ALLKb!X##'!"#!$%=!ALLUP=!2D&.!'#.(!/%%(/0.!2#!8(!1/0!D&7D(0!2D/+!2D/2!



! !! !!

!

! !

GU!

%0(.-0&8('!1#0!D,)/+.=!ZD&-D!&.!/8#,2!L;@N!)7Ya7;!!BD(!-,00(+2!.2,'3=!2/a(+!2#7(2D(0!

Z&2D!2D(!8#'3!#1!$&2(0/2,0(!2#!'/2(=!.20#+7$3!.,77(.2.!2D/2!\#$%&'()!'#(.!+#2!-/,.(!

/+2(0#70/'(!/)+(.&/!.(%/0/2(!10#)!&2.!D3%+#2&-!(11(-2.=!.,-D!/.!.$((%&+(..;!^+!1/-2=!/!

L;N!)7Ya7!'#.(!&+-0(/.('!.$((%=!3(2!&2!'&'!+#2!/11(-2!(&2D(0!-#+2(S2!#0!2#+(!)()#03=!/.!

1,02D(0!(6&'(+-(!1#0!2D(!$/-a!#1!/)+(.&-!(11(-2!#1!\#$%&'()!/%/02!10#)!.$((%;!!!

!

X(!.%(-,$/2(!2D/2!0/%&'!#+.(2!D3%+#2&-.=!.,-D!/.!\#$%&'()=!)/3!&+',-(!/!.2/2(!

&+!ZD&-D!.,8i(-2.!$##a!/Z/a(!8,2!/0(!/-2,/$$3!&+!/!D3%+/7#7&-!.$((%*$&a(!.2/2(!O9#$'(0!"#!

$%=!ALLQP;!!XD&$(!2D(0(!&.!$&22$(!%,8$&.D('!(6&'(+-(!#+!2D(!VVF!%/22(0+.!#1!%/2&(+2.!

20(/2('!Z&2D!0/%&'!#+.(2!D3%+#2&-.!i,.2!%0&#0!2#!1/$$&+7!/.$((%=!2D(0(!/0(!0(%#02.!#1!%/2&(+2.!

/%%(/0&+7!/Z/a(!O.,-D!/.!2D#.(!,+'(07#&+7!.,07&-/$!.('/2&#+P!O5(0..#+!"#!$%=!@KQQP;!

d#Z(6(0=!&2!.(().!,+$&a($3!2D/2!2&)(!%(0&#'!Z#,$'!8(!-D/0/-2(0&\('!83!/$(02*23%(!8!VVF!

/-2&6&23;!!BD&.!D3%+#7#7&-!.2/2(!)/3!8(!-D/0/-2(0&\('!83!/)+(.&/!O9#$'(0!"#!$%=!ALLQb!

5(0..#+!"#!$%=!@KQQP;!!!

!

<#+.&.2(+2!Z&2D!2D&.!&'(/=!.2,'&(.!,.&+7!2/07(2('!7(+(2&-!),2/2&#+.!D/6(!1#,+'!

2D/2!2D(!D3%+#2&-!/+'!/)+(.&-!(11(-2.!#1!'0,7.!2D/2!/-2!/2!2D(!]"!.&2(!/0(!2D0#,7D!

0(-(%2#0.!2D/2!-#+2/&+!2D(!/@!.,8,+&2;!!BD,.=!7&6(+!-,00(+2!a+#Z$('7(!#1!F?]??!

%D/0)/-#$#73=!&2!&.!+#2!%0(.(+2$3!%#..&8$(!2#!'(-#,%$(!D3%+#.&.!/+'!/)+(.&/;!!!BD&.!&.!&+!

-#+20/.2!Z&2D!2D(!/+S&#$32&-!(11(-2.!ZD&-D!/%%(/0!2#!8(!)('&/2('!2D0#,7D!0(-(%2#0.!Z&2D!

/A!.,8,+&2.=!/+'!/0(!/$0(/'3!1,+-2&#+/$$3!'(-#,%$('!&+!\#$%&'()!O?2/-a=!ALLGb!

9(%##02(0(!"#!$%=!@KQ_P;!!

!

BD(!-/.(!0(%#02.!#1!\#$%&'()*&+',-&+7!/)+(.&/!)/3!8(!',(!2#!/+!&+2(0/-2&#+!#1!

)&S&+7!\#$%&'()!Z&2D!#2D(0!'0,7.=!(.%(-&/$$3!/$-#D#$!#0!#2D(0!.('/2&6(*D3%+#2&-.!O9#$'(0!



! !! !!

!

! !

GQ!

"#!$%=!ALLQP;!!BD(.(!'0,7.!-/+!&+2(+.&13!2D(!(11(-2!#1!\#$%&'()=!0(.,$2&+7!&+!/)+(.&/!

8(-/,.(!#1!/!D&7D(0!(11(-2&6(!'#.(=!#0!/-2&#+!/2!),$2&%$(!.&2(.;!?%%0#S&)/2($3!TL`!#1!

/',$2.!Z&2D!&+.#)+&/!/$.#!D/6(!/!'&/7+#./8$(!%.3-D&/20&-!'&.#0'(0s)#.2!+#2/8$3!

'(%0(..&#+!/+'!/+S&(23!OE#2D=!ALLUP;!^2!&.!$&a($3=!2D(+=!2D/2!/!%(0.#+!Z&2D!-#)#08&'!

%.3-D&/20&-!'&.#0'(0!)/3!/$.#!8(!2/a&+7!#2D(0!%0(.-0&%2&#+!'0,7.=!&+!/''&2&#+!2#!\#$%&'();!

R&+/$$3=!.&+-(!0(%#02.!#1!/)+(.&/!/+'!6/0&#,.!,+,.,/$!8(D/6&#0.!Z&2D!\#$%&'()!/0(!1/&0$3!

0/0(=!2D(3!-#,$'!8(!',(!2#!/23%&-/$!&+'&6&',/$!0(.%#+.(!%/22(0+.;!R#0!(S/)%$(=!\#$%&'()!

-#,$'!&+',-(!.$((%!'&.#0'(0.!.,-D!/.!.#)+/)8,$&.)=!ZD&-D!&.!/--#)%/+&('!83!

/)+(.&/=!&+!-(02/&+!.(+.&2&6(!%/2&(+2.!O9#$'(0!"#!$%=!ALLQP;!!^2!'#(.!+#2=!D#Z(6(0=!/%%(/0!

2D/2!\#$%&'()!%0#',-(.!.&7+&1&-/+2!/)+(.&/!&+!)#.2!-/.(.=!8(3#+'!2D/2!(S%(-2('!10#)!

.('/2&#+;!!BD(!%0(.(+2!.2,'3!.,77(.2.!2D/2!2D(!(S%$#.&#+!#1!-/.(!0(%#02.!#1!/)+(.&/!

10#)!2D&.!Z&'($3!%0(.-0&8('!'0,7!&.!',(!2#!%#$3'0,7!,.(!#0!0/0(=!/23%&-/$!0(/-2&#+.;!!!!



! !GK!

5.6-%0#(

R&7!@;!

!

R&7,0(!@;!?;!]/.($&+(!C$((%;!X(!)(/.,0('!.$((%!',0&+7!2D(!A!)&+!8/.($&+(!%0&#0!2#!/+3!

.D#-a;!C$((%!Z/.!D/+'!.-#0('!83!+/&6(!#8.(06(0.;!?!'#.(*'(%(+'(+2!(11(-2!#1!\#$%&'()!

Z/.!/%%/0(+2=!Z&2D!L;N*Q!)7Ya7!&+',-&+7!)#0(!.$((%!2D/+!-#)%/0('!2#!./$&+(!-#+20#$.;!!

];!]/.($&+(!?-2&6&23;!<#)%,2(0!.-#0('!)#6()(+2!&.!'(%&-2('!O)(/+!/08&20/03!,+&2.!t!

CV>P!',0&+7!2D(!A!)&+!8/.($&+(!%0&#0!2#!/+3!.D#-a;!9#.(.!8(2Z((+!L;N*Q!)7Ya7!

'(-0(/.('!/-2&6&23!-#)%/0('!2#!./$&+(!-#+20#$.;!!<;!CD#-a!E(/-2&6&23;!BD(!0(.%#+.(!2#!

.D#-a!Z/.!)(/.,0('!83!2D(!$#-#)#2#0!/-2&6&23!',0&+7!2D(!A*.!1##2.D#-a;!H#Z!'#.(.!#1!

\#$%&'()!OL;L@!/+'!L;LN!)7Ya7P!&+-0(/.('!.D#-a!0(/-2&6&23=!ZD&$(!D&7D!'#.(.!OA*Q!)7Ya7P!

/8#$&.D('!2D(!0(.%#+.(!2#!2D(!.D#-a!ZD(+!-#)%/0('!Z&2D!./$&+(!-#+20#$.;!



! !TL!

R&7!A;!

!

R&7,0(!A;!B0/&+&+7;!!>&-(!Z(0(!7&6(+!1(/0!-#+'&2&#+&+7!@N!)&+!/12(0!2D(!/')&+&.20/2&#+!#1!

\#$%&'()!#0!./$&+(;!?!A!)&+!8/.($&+(!Z/.!1#$$#Z('!83!/!2#+(*.D#-a!%/&0&+7!O)&+!A*A;NP;!

R0((\&+7!O)(/+!`2&)(tCV>P!&.!'(%&-2('!1#0!(/-D!)&+,2(!#1!2D(!20/&+&+7!.(..&#+!#+*

'0,7;!BD(0(!Z/.!/!'#.(*'(%(+'(+2!(11(-2=!Z&2D!L;LN*Q!)7Ya7!&+-0(/.&+7!10((\&+7!)#0(!

2D/+!./$&+(!-#+20#$.;!];!5#.2*.D#-a;!R0((\&+7!1#0!2D(!$/.2!N!)&+!#1!20/&+&+7!Z/.!/6(0/7('!

1#0!(/-D!70#,%;!BD(0(!Z/.!/!'#.(*'(%(+'(+2!&+-0(/.(!&+!10((\&+7=!Z&2D!L;N*Q!)7Ya7!

10((\&+7!/2!D&7D(0!$(6($.!2D/+!./$&+(!-#+20#$.;!



! !T@!

R&7!G;!

!

R&7,0(!G;!<#+2(S2!B(.2;!?!Z((a!/12(0!20/&+&+7=!)&-(!Z(0(!80#,7D2!8/-a!2#!2D(!#0&7&+/$!

-#+'&2&#+&+7!-D/)8(0.!#11*'0,7=!ZD(0(!+(&2D(0!.D#-a!+#0!2#+(!Z/.!%0(.(+2;!R0((\&+7!

O)(/+!`2&)(tCV>P!1#0!2D(!N!)&+!2(.2!Z/.!/6(0/7('!1#0!(/-D!70#,%;!BD(0(!Z/.!/!'#.(*

'(%(+'(+2 '(-0(/.( &+ -#+2(S2 )()#03= Z&2D @*Q )7Ya7 10((\&+7 $(.. 2D/+ ./$&+(

-#+20#$.;!];!B#+(!B(.2;!?!'/3!/12(0!-#+2(S2!2(.2=!)&-(!Z(0(!80#,7D2!2#!/!+#6($!-#+2(S2!1#0!

/!N!)&+!2#+(!2(.2!#11*'0,7;!?12(0!/!A!)&+!8/.($&+(!%(0&#'=!2D(!20/&+&+7!2#+(!Z/.!%0(.(+2('!

G!2&)(.!/-0#..!G!)&+;!<,('!1(/0!&.!'(%&-2('!/.!10((\&+7!O)(/+!`2&)(tCV>P!',0&+7!2D(!

8/.($&+(!.,820/-2('!10#)!2D(!/6(0/7(!#1!10((\&+7!2#!2D(!G!2#+(.;!d&7D!'#.(.!OA*Q!)7Ya7P!

&)%/&0('!2#+(!)()#03;!



! !TA!

R&7!T;!

!

R&7,0(!T;!>('&/+!V11(-2&6(!9#.(!</$-,$/2&#+.;!R#0!(/-D!0(.%#+.(=!%0#8/8&$&2&(.!#1!.$((%!

&+',-2&#+!O#+(*D/$1!&+-0(/.(!&+!.$((%P!#0!-#+2(S2!#0!2#+(!/)+(.&/!O#+(*D/$1!0(',-2&#+!&+!

10((\&+7P=!0($/2&6(!2#!2D(!)(/+!#1!./$&+(!-#+20#$.!Z/.!-/$-,$/2('!1#0!(/-D!'#.(b!/12(0!/!

$#7/0&2D)&-!-,06(!1&2!Z/.!)/'(=!)('&/+!'#.(.!1#0!(/-D!(11(-2!Z/.!-/$-,$/2(';!?;!!

]/.($&+(!C$((%;!!?8#,2!L;T!)7Ya7!Z/.!.,11&-&(+2!2#!&+',-(!.$((%!',0&+7!20/&+&+7!&+!#+(!

D/$1!#1!2D(!.,8i(-2.;!!];!!<#+2(S2!B(.2;!!?8#,2!L;U@!)7Ya7!Z/.!0(M,&0('!2#!&+',-(!

/)+(.&/!1#0!-#+2(S2,/$!)()#03;!!<;!!B#+(!2(.2;!!?8#,2!L;NT!)7Ya7!Z/.!0(M,&0('!2#!

&+',-(!/)+(.&/!1#0!2#+(!)()#03;!!m6(0/$$=!2D(.(!'/2/!.,77(.2!2D/2!\#$%&'()*&+',-('!

.$((%!/+'!/)+(.&/!/%%(/0('!/2!.&)&$/0!'#.(.=!Z&2D!.$((%!/%%(/0&+7!1&0.2=!.,77(.2&+7!2D/2!

.$((%!&.!1,+-2&#+/$$3!-#,%$('!2#!/)+(.&/;!



! !! !!

!

! !

TG!

4.#'1+#-%07(8+*91.'$#(+9()*$0%0#$#!

BD(!/,2D#0O.P!'(-$/0(!2D/2!+#!1&+/+-&/$!.,%%#02!#0!-#)%(+./2&#+!D/.!8((+!0(-(&6('!10#)!

/+3!&+'&6&',/$!#0!-#0%#0/2(!(+2&23!#6(0!2D(!%/.2!2D0((!3(/0.!1#0!0(.(/0-D!#0!%0#1(..&#+/$!

.(06&-(!/+'!2D(0(!/0(!+#!%(0.#+/$!1&+/+-&/$!D#$'&+7.!2D/2!-#,$'!8(!%(0-(&6('!/.!

-#+.2&2,2&+7!/!%#2(+2&/$!-#+1$&-2!#1!&+2(0(.2;!

!



! !! !!

!

! !

TT!

!':*+;10,60<0*$#(

X(!2D/+a!C2(%D/+&(!</0)/-a!1#0!2D#,7D21,$!-#))(+2.!#+!/+!(/0$&(0!6(0.&#+!#1!2D&.!

)/+,.-0&%2=!/+'!?++(!>/0&(!R(00,\\&=!c($$3!</6/+/,7D=!C2(6(+!H(Z=!CD/+(!C(.2&2#!/+'!

<D0&.!>-<#++($$!1#0!(S-($$(+2!2(-D+&-/$!/..&.2/+-(;!!!BD&.!Z#0a!Z/.!.,%%#02('!83!/!

<D/+-($$#0e.!^+2(0'&.-&%$&+/03!<#$$/8#0/2#0&(.!F0/+2!O9<=!BC=!C?P!/+'!d($$)/+!

R($$#Z.D&%!OC?P;!!BD(!/,2D#0.!'&'!+#2!0(-(&6(!1,+'&+7!10#)!2D(!)/a(0.!#1!\#$%&'();!

(

!



! !! !!

!

! !

TN!

3090%0*'0#(

?a(0.2('2!B!OALLGP;!CD&12!Z#0a!/+'!'&.2,08('!.$((%YZ/a(1,$+(..;!G**'8!D"3!HI203J!

NGOAP4!QK*KT;!

!

?+/7+#.2/0/.!CF=!<0/.a(!>F=!R/+.($#Z!>C!O@KKK/P;!?+S&(234!/2!2D(!&+2(0.(-2&#+!#1!
7(+(.!/+'!(S%(0&(+-(;!K$#!K"'-2+*4!AOKP4!UQL*UQA;!

!

?+/7+#.2/0/.!CF=!F/$(!F9=!R/+.($#Z!>C!OALLAP;!BD(!D&%%#-/)%,.!/+'!5/6$#6&/+!1(/0!
-#+'&2&#+&+74!0(%$3!2#!]/.2!(2!/$;!L4882*$E8'+!@AOTP4!N_@*N_N;!

!

?+/7+#.2/0/.!CF=!:#..($3+!C?=!R0/+a$/+'!5X=!C&$6/!?:!OALLLP;!<#)%,2(0*/..&.2('!
8(D/6&#0/$!/..(..)(+2!#1!5/6$#6&/+!1(/0!-#+'&2&#+&+7!&+!)&-(;!I"$-0!D"E!UO@P4!

NQ*UA;!

!

?+/7+#.2/0/.!CF=!>/0(+!C=!R/+.($#Z!>C!O@KKK8P;!B()%#0/$$3!70/'('!0(20#70/'(!
/)+(.&/!#1!-#+2(S2,/$!1(/0!/12(0!D&%%#-/)%/$!'/)/7(!&+!0/2.4!Z&2D&+*.,8i(-2.!

(S/)&+/2&#+;!M!K"'-2+*4!@KOGP4!@@L_*@@@T;!

!
?+/7+#.2/0/.!CF=!>,0%D3!FF=!d/)&$2#+!CV=!>&2-D($$!CH=!E/D+/)/!I5=!I/2D/+.#+!I>N!

"#!$%!OALLGP;!C($(-2&6(!-#7+&2&6(!'3.1,+-2&#+!&+!/-(23$-D#$&+(!>@!),.-/0&+&-!

0(-(%2#0!),2/+2!)&-(;!K$#!K"'-2+*4!_O@P4!N@*NQ;!
!

?+-#$&*^.0/($!C=!E#2D!B!O@KKKP;!<D/0/-2(0&.2&-.!#1!&+.#)+&/!&+!2D(!J+&2('!C2/2(.4!0(.,$2.!

#1!2D(!@KK@!I/2&#+/$!C$((%!R#,+'/2&#+!C,06(3;!^;!&%""8!AA!C,%%$!A4!CGTU*GNG;!

!
?2/-a!:E!OALLGP;!?+S&#.($(-2&6(!-#)%#,+'.!/-2&+7!/2!2D(!F?]?O?P!0(-(%2#0!

8(+\#'&/\(%&+(!8&+'&+7!.&2(;!5'--!,-'.!?$-."#+!5K&!K"'-2%!,4+2-3!AOTP4!A@G*

AGA;!
!

?2/-a!:E=!?$'(0!H=!<##a!C>=!C)&2D!?:=!>-c(0+/+!E>!OALLNP;!^+!6&6#!$/8($$&+7!#1!/$%D/N!

.,8,+&2*-#+2/&+&+7!F?]?O?P!0(-(%2#0.!,.&+7!2D(!.($(-2&6(!0/'&#$&7/+'!pOGPdqH*

_NN=ULQ;!K"'-28<$-E$*2%2.;!TKOAP4!AAL*AAK;!
!

]/$2(0!>]=!JD$(+D,2D!Vd!O@KKAP;!I(Z!(%&'()&#$#7&-!1&+'&+7.!/8#,2!&+.#)+&/!/+'!&2.!

20(/2)(+2;!M!5%40!@+;*<4$#-;!NG!C,%%$4!GT*GKb!'&.-,..&#+!TL*GA;!
!

<0/Z$(3!:I=!]($a+/%!:c=!<#$$&+.!?=!<0/88(!:<=!R0/+a($!X=!d(+'(0.#+!IN!"#!$%!O@KKUP;!

](D/6&#0/$!%D(+#23%(.!#1!&+80('!)#,.(!.20/&+.4!&)%$&-/2&#+.!/+'!
0(-#))(+'/2&#+.!1#0!)#$(-,$/0!.2,'&(.;!@+;*<28<$-E$*2%2.;!H9"-%J!@GAOAP4!

@LU*@AT;!

!

<,00/+!dl!O@KK@P;!](+\#'&/\(%&+(.=!)()#03!/+'!)##'4!/!0(6&(Z;!
@+;*<28<$-E$*2%2.;!H9"-%J!@LNO@P4!@*Q;!

!

9(%##02(0(!d=!"&6a#6&-!]=!H$#3'!cF=!C/+7(0!9:=!5(00/,$2!F=!H/+7(0!C"N!"#!$%!O@KQ_P;!
"#$%&'()=!/!+#6($!+#+8(+\#'&/\(%&+(!D3%+#2&-;!^;!I(,0#%D/0)/-#$#7&-/$!/+'!

8(D/6&#0/$!(11(-2.;!M!@<$-E$*2%!F68!?<"-!AGUOAP4!_TK*_NQ;!

!



! !! !!

!

! !

T_!

9#$'(0!<E=!I($.#+!>d!OALLQP;!d3%+#.('/2&6(*&+',-('!-#)%$(S!8(D/6&#,0.!4!&+-&'(+-(=!

)(-D/+&.).!/+'!)/+/7()(+2;!5K&!,-'.+!AAO@AP4!@LA@*@LG_;!
!

9,a/!B=!<,00/+!dl=!E,.2('!:>=!X(&+7/02+(0!d:!O@KK_P;!5(0.%(-2&6(.!#+!-#7+&2&6(!

%.3-D#%D/0)/-#$#73!0(.(/0-D;!9"<$:!@<$-E$*2%!UONP4!TL@*T@L;!

!
R/+.($#Z!>C!O@KQLP;!<#+'&2&#+('!/+'!,+-#+'&2&#+/$!-#)%#+(+2.!#1!%#.2*.D#-a!10((\&+7;!

@$:%2:!M!942%!&*4!@NOTP4!@UU*@QA;!

!
R/+.($#Z!>C=!]#$$(.!E<!O@KUKP;!I/$#S#+(!/+'!.D#-a*($&-&2('!10((\&+7!&+!2D(!0/2;!M!

52E8!@<;+42%!@+;*<2%!KGOTP4!UG_*UTT;!

!
!

R&$$)#0(!>B=!c($$3!Bd=!E,.D!<E=!d/3.!H!OALL@P;!E(20#70/'(!1/-&$&2/2&#+!#1!)()#03!83!

20&/\#$/)4!(11(-2.!#+!/,2#)/2&-!%0#-(..(.;!@+;*<28<$-E$*2%2.;!H9"-%J!@NQOGP4!

G@T*GA@;!
!

R#,+'/2&#+!IC!O@KK@P!C$((%!&+!?)(0&-/4!?!.,06(3!#1!JC!/',$2.;!^+!7!-"82-#!8-"8$-"3!(;!

#<"!O$%%'8!G-.$04C$#420!B2-!#<"!K$#420$%!&%""8!12'03$#420=!H#.!?+7($(.=!<?4!
I/2&#+/$!C$((%!R#,+'/2&#+;!

!

R0/+a$/+'!5X=!]#+2()%&!]=!B/$2#+!HV=!c/-\)/0(a!H=!C&$6/!?:!OALLTP;!BD(!&+6#$6()(+2!
#1!2D(!/+2(0&#0!-&+7,$/2(!-#02(S!&+!0()#2(!-#+2(S2,/$!1(/0!)()#03;!&*4"0*"!

GLTON_UAP4!QQ@*QQG;!

!

F/$(!F9=!?+/7+#.2/0/.!CF=!F#'.&$!]5=!>&2-D($$!C=!I#\/Z/!B=!C/7(!:EN!"#!$%!OALLTP;!
E#$(!#1!2D(!8/.#$/2(0/$!/)37'/$/!&+!2D(!.2#0/7(!#1!1(/0!)()#0&(.!/-0#..!2D(!

/',$2!$&1(2&)(!#1!0/2.;!M!K"'-2+*4!ATO@NP4!GQ@L*GQ@N;!

!
c/2\!9?=!>-d#0+(3!<?!OALLAP;!BD(!0($/2&#+.D&%!8(2Z((+!&+.#)+&/!/+'!D(/$2D*0($/2('!

M,/$&23!#1!$&1(!&+!%/2&(+2.!Z&2D!-D0#+&-!&$$+(..;!M!1$E!@-$*#!N@OGP4!AAK*AGN;!

!

H&-/2/!C<=!E#Z$(22!:c!OALLQP;!?8,.(!/+'!'(%(+'(+-(!$&/8&$&23!#1!8(+\#'&/\(%&+(*23%(!
'0,7.4!F?]?O?P!0(-(%2#0!)#',$/2&#+!/+'!8(3#+';!@<$-E$*2%!942*<"E!9"<$:!

KLO@P4!UT*QK;!

!
>/0(+!C=!?+/7+#.2/0/.!CF=!R/+.($#Z!>C!O@KKQP;!BD(!.2/02$('!.(/D#0.(4!&.!2D(!

D&%%#-/)%,.!+(-(../03!1#0!-#+2(S2,/$!1(/0!-#+'&2&#+&+7u!?-"03+!40!52.04#4:"!

&*4"0*"+!AOAP4!GK*TA;!
!

>/22&$/!>:=!l/+/a#.a&!:=!c/$.a/!d=!C(%%/$/!B!O@KKQP;!V11(-2.!#1!/$-#D#$=!\#$%&'()=!/+'!

.#)(!#2D(0!.('/2&6(.!/+'!D3%+#2&-.!#+!D,)/+!%(01#0)/+-(!/+'!)()#03;!

@<$-E$*2%!942*<"E!9"<$:!NKOTP4!K@U*KAG;!
!

>/23+&/!?=!?+/7+#.2/0/.!CF=!X&$27(+!]:=!H/-,(.2/!>=!R/+.($#Z!>C=!C&$6/!?:!OALLQP;!?!

D&7D!2D0#,7D*%,2!0(6(0.(!7(+(2&-!.-0((+!&'(+2&1&(.!2Z#!7(+(.!&+6#$6('!&+!0()#2(!
)()#03!&+!)&-(;!@I2&!GKF!GONP4!(A@A@;!



! !! !!

!

! !

TU!

>-d#0+(3!<?=!X/0(!:V=!:0;=!H,!:R=!CD(08#,0+(!<9!O@KKTP;!BD(!>mC!G_*&2()!CD#02*

R#0)!d(/$2D!C,06(3!OCR*G_P4!^^^;!B(.2.!#1!'/2/!M,/$&23=!.-/$&+7!/..,)%2&#+.=!/+'!
0($&/8&$&23!/-0#..!'&6(0.(!%/2&(+2!70#,%.;!D"3!5$-"!GAO@P4!TL*__;!

!

>-d#0+(3!<?=!X/0(!:V=!:0;=!E/-\(a!?V!O@KKGP;!BD(!>mC!G_*^2()!CD#02*R#0)!d(/$2D!

C,06(3!OCR*G_P4!^^;!5.3-D#)(20&-!/+'!-$&+&-/$!2(.2.!#1!6/$&'&23!&+!)(/.,0&+7!
%D3.&-/$!/+'!)(+2/$!D(/$2D!-#+.20,-2.;!D"3!5$-"!G@OGP4!ATU*A_G;!

!

>-d#0+(3!<?=!X/0(!:V=!:0;=!E#7(0.!X=!E/-\(a!?V=!H,!:R!O@KKAP;!BD(!6/$&'&23!/+'!
0($/2&6(!%0(-&.&#+!#1!>mC!.D#02*!/+'!$#+7*1#0)!D(/$2D!.2/2,.!.-/$(.!/+'!

9/02)#,2D!<mm5!-D/02.;!E(.,$2.!10#)!2D(!>('&-/$!m,2-#)(.!C2,'3;!D"3!5$-"!

GLON!C,%%$P4!>CANG*A_N;!
!

>&+2\(0!>"=!F0&11&2D.!EE!O@KKK/P;!C($(-2&6(!(11(-2.!#1!\#$%&'()!#+!D,)/+!)()#03!

1,+-2&#+.;!M!@+;*<28<$-E$*2%!@GO@P4!@Q*G@;!

!
>&+2\(0!>"=!F0&11&2D.!EE!O@KKK8P;!B0&/\#$/)!/+'!\#$%&'()4!(11(-2.!#+!D,)/+!)()#03!

/+'!/22(+2&#+/$!%0#-(..(.;!@+;*<28<$-E$*2%2.;!H9"-%J!@TTO@P4!Q*@K;!

!
>#0$#-a!E:=!B/+!>=!>&2-D($$!9v!OALL_P;!5/2&(+2!-D/0/-2(0&.2&-.!/+'!%/22(0+.!#1!'0,7!,.(!

1#0!.$((%!-#)%$/&+2.!&+!2D(!J+&2('!C2/2(.4!/+/$3.&.!#1!I/2&#+/$!?)8,$/2#03!

>('&-/$!C,06(3!'/2/=!@KKU*ALLA;!5%40!?<"-!AQOUP4!@LTT*@LNG;!
!

I&-D#$.#+!?I=!5/.-#(!5?!O@KQ_P;!d3%+#2&-!/-2&6&23!#1!/+!&)&'/\#*%30&'&+(!O\#$%&'()P;!9-!

M!5%40!@<$-E$*2%!A@OAP4!ALN*A@@;!

!
I&(.!?C!O('P!O@KKGP;!@-40*48%"+!2B!#<"-$8"'#4*+;!>-F0/Z!d&$$4!I(Z!v#0a;!_A*QG%%;!

!

5(0..#+!>5=!I&$..#+!?=!d/026&7!5!O@KQQP;!E($/2&#+!#1!.('/2&#+!/+'!/)+(.&/!2#!%$/.)/!
-#+-(+20/2&#+.!#1!)&'/\#$/)!&+!.,07&-/$!%/2&(+2.;!5%40!@<$-E$*2%!?<"-!TGOGP4!

GAT*GG@;!

!

g,&++!::=!>/!g9=!B&+.$(3!>E=!c#-D!<=!R/+.($#Z!>C!OALLQP;!^+6(0.(!2()%#0/$!
-#+20&8,2&#+.!#1!2D(!'#0./$!D&%%#-/)%,.!/+'!)('&/$!%0(10#+2/$!-#02(S!2#!2D(!

(S%0(..&#+!#1!$#+7*2(0)!1(/0!)()#0&(.;!I"$-0!D"E!@NONP4!G_Q*GUA;!

!
E#(D0.!B=!>(0$#22&!H=!"#0&-a!R=!E#2D!B!O@KKTP;!C('/2&6(=!)()#03=!/+'!%(01#0)/+-(!

(11(-2.!#1!D3%+#2&-.;!@+;*<28<$-E$*2%2.;!H9"-%J!@@_OAP4!@GL*@GT;!

!
E#2D!B!OALLUP;!^+.#)+&/4!'(1&+&2&#+=!%0(6/$(+-(=!(2&#$#73=!/+'!-#+.(M,(+-(.;!M!5%40!

&%""8!D"3!GON!C,%%$P4!CU*@L;!

!

E#Z$(22!:c=!5$/22!9>=!H($/.!C=!?2/-a!:E=!9/Z.#+!FE!OALLNP;!9&11(0(+2!F?]??!0(-(%2#0!
.,823%(.!)('&/2(!2D(!/+S&#$32&-=!/8,.(*0($/2('=!/+'!)#2#0!(11(-2.!#1!

8(+\#'&/\(%&+(*$&a(!'0,7.!&+!%0&)/2(.;!@-2*!K$#%!7*$3!&*4!P!&!7!@LAOGP4!K@N*KAL;!

!
C/$6/!5=!<#.2/!:!O@KKNP;!<$&+&-/$!%D/0)/-#a&+(2&-.!/+'!%D/0)/-#'3+/)&-.!#1!\#$%&'();!

BD(0/%(,2&-!&)%$&-/2&#+.;!5%40!@<$-E$*2=40"#!AKOGP4!@TA*@NG;!

!



! !! !!

!

! !

TQ!

C/+7(0!9:=!:#$3!9=!"&6a#6&-!]!O@KQ_P;!V11(-2.!#1!\#$%&'()=!/!+(Z!&)&'/\#%30&'&+(!

D3%+#2&-=!#+!2D(!/-M,&.&2&#+!#1!-#+'&2&#+('!1(/0!&+!)&-(;!<#)%/0&.#+!Z&2D!
20&/\#$/)!/+'!<H!A@Q=QUA;!@+;*<28<$-E$*2%2.;!H9"-%J!KLOAP4!ALU*A@L;!

!

C/+#1&*?6(+2&.!OALLQP!?)8&(+!R9?!?%%0#6('!50(.-0&8&+7!^+1#0)/2&#+!O:,+(=!ALLQP;!

!
C/+#1&*C3+2D($/8#!OALL@P!>/2(0&/$!C/1(23!9/2/!CD((2=!?)8&(+;!C/+#1&*C3+2D($/8#!^!O('P=!

I(Z!v#0a;!

!
CD,)/+!B=!X##'!C<=!?+/7+#.2/0/.!CF!OALLKP;!>#'/1&+&$!/+'!>()#034!V11(-2.!#1!

>#'/1&+&$!#+!>#00&.!X/2(0!>/\(!H(/0+&+7!/+'!5/6$#6&/+!R(/0!<#+'&2&#+&+7;!

9"<$:42-$%!K"'-2+*4"0*"4!&+!%0(..;!
!

X(&+7/02+(0!d:=!d#))(0!9=!H&.2(0!EF=!BD#)%.#+!c=!X#$a#Z&2\!m!O@KKAP;!C($(-2&6(!

(11(-2.!#1!20&/\#$/)!#+!)()#03;!@+;*<28<$-E$*2%2.;!H9"-%J!@L_OGP4!GT@*GTN;!

!
X(.(+.2(+!I:=!]/$a&+!B:=!]($(+a3!FH!O@KKNP;!V11(-2.!#1!'/32&)(!/')&+&.20/2&#+!#1!

\#$%&'()!6(0.,.!20&/\#$/)!#+!)()#03;!F'-!M!5%40!@<$-E$*2%!TQOAP4!@@N*@AA;!

!
X&S2('!:B!OALLTP;!BD(!%.3-D#$#73!/+'!+(,0#.-&(+-(!#1!1#07(22&+7;!700'!>":!@+;*<2%!

NN4!AGN*A_K;!

!
X##'!C<=!?+/7+#.2/0/.!CF!OALLKP;!>()#03!/+'!%.3-D#.2&),$/+2.4!)#',$/2&#+!#1!

5/6$#6&/+!1(/0!-#+'&2&#+&+7!83!/)%D(2/)&+(!&+!<NU]HY_!)&-(;!

@+;*<28<$-E$*2%2.;!H9"-%J!ALAO@*GP4!@KU*AL_;!

!
X##'!C<=!R/3!:=!C/7(!:E=!?+/7+#.2/0/.!CF!OALLUP;!<#-/&+(!/+'!5/6$#6&/+!1(/0!

-#+'&2&#+&+74!'#.(*(11(-2!/+/$3.&.;!9"<$:!9-$40!>"+!@U_OAP4!ATT*ANL;!

!
X##'.!:d=!c/2\!:H=!X&+7(0!F!O@KKAP;!](+\#'&/\(%&+(.4!,.(=!/8,.(=!/+'!-#+.(M,(+-(.;!

@<$-E$*2%!>":!TTOAP4!@N@*GTU;!



! !TK!

=->>10<0*$&%?(/&$0%.&1#(

R&7!@;!!

!

R&7,0(!@;!C-D()/2&-!#1!'(.&7+;!>&-(!Z(0(!20/&+('!#+!5/6$#6&/+!1(/0!-#+'&2&#+&+7!%0&#0!2#!

2D(&0!/Z/a(!#0!.$((%!%D/.(;!^))('&/2($3!/12(0!20/&+&+7=!2D(3!Z(0(!/')&+&.2(0('!Q)7Ya7!

#1!\#$%&'()!#0!./$&+(!/+'!%,2!8/-a!&+!2D(&0!D#)(!-/7(;!BZ($6(!D#,0.!/12(0!20/&+&+7=!)&-(!

Z(0(!2(.2('!1#0!-#+2(S2!/+'!-,('!)()#03;



! !NL!

R&7!A;!!

!@( ( ( ( !

A@

R&7,0(!G;!<#+2(S2!/+'!-,('!)()#03!2(.2.;!O?P!<#+2(S2,/$!1(/0;!R0((\&+7!O)(/+!%(0-(+2!

2&)(!%$,.!.2/+'/0'!(00#0!#1!2D(!)(/+P!1#0!2D(!N*)&+!2(.2!&.!'(%&-2(';!>&-(!Z&2D!\#$%&'()!

&+',-('!'((%!.$((%!',0&+7!2D(!/Z/a(!%D/.(!D/'!.20#+7(0!-#+2(S2,/$!)()#03!2D/+!

-#+20#$!)&-(!2D/2!D/'!/+!/Z/a(!%D/.(;!5D/0)/-#$#7&-/$$3!&+',-&+7!.$((%!',0&+7!2D(!

.$((%!%D/.(!'&'!+#2!/$2(0!-#+2(S2,/$!)()#03;!O]P!<,('!1(/0;!m+(!D#,0!/12(0!2D(!-#+2(S2!

2(.2=!)&-(!Z(0(!80#,7D2!2#!/!+#6($!-#+2(S2!1#0!/!N*)&+!-,('!1(/0!2(.2;!?12(0!/!A*)&+!

8/.($&+(!%(0&#'=!2D(!20/&+&+7!2#+(!Z/.!%0(.(+2('!2D0((!2&)(.!/-0#..!G!)&+;!



! !! !!

!

! !

N@!

<,('!1(/0!&.!'(%&-2('!/.!10((\&+7!O)(/+!%(0-(+2!2&)(!%$,.!.2/+'/0'!(00#0!#1!2D(!)(/+P!

',0&+7!2D(!/6(0/7(!#1!10((\&+7!2#!2D(!2D0((!2#+(.;!BD(0(!Z(0(!+#!70#,%!'&11(0(+-(.!#+!

2D(!-,('!2(.2;! !

!



! "#!

$%&'()*!+,!-.!'&*(,!%&/!0)).!/102-(()3!45*!'106-7&(-5.!54!(%)!2&()*-&6!&/!-(!2&8!

&'')&*!-.!956'-3)2:-.317)3!/6))'!&.3!&2.)/-&!&*)!41.7(-5.&668!751'6)3;!35/):)44)7(!

&.&68/-/!5.!<&=65=-&.!4)&*!75.3-(-5.-.>?!!"#$%&'%()*($&+&,#-!$&-,!@?A?,!B%12&.,!C?,!

B&>),!A?D?,!E!F.&>.5/(&*&/,!B?G?!H-.!*)=-/-5.I?!C%)!3-//)*(&(-5.!&1(%5*!J&/!(%)!'*-2&*8!

-.=)/(->&(5*!&.3!&1(%5*!54!(%-/!2&()*-&6?!

!



Behavioural Brain Research 193 (2008) 79–86

Contents lists available at ScienceDirect

Behavioural Brain Research

journa l homepage: www.e lsev ier .com/ locate /bbr

Research report

Comparing the benefits of caffeine, naps and placebo on verbal,
motor and perceptual memory

Sara C. Mednicka,∗, Denise J. Cai c, Jennifer Kanadya, Sean P.A. Drummondb

a University of California, San Diego, Department of Psychiatry and Veterans Affairs San Diego Healthcare System, Research Service, United States
b University of California, San Diego, Department of Psychiatry and Veterans Affairs San Diego Healthcare System, Psychology Service, United States
c University of California, San Diego, Department of Psychology, United States

a r t i c l e i n f o

Article history:
Received 6 March 2008
Received in revised form 22 April 2008
Accepted 26 April 2008
Available online 8 May 2008

Keywords:
Caffeine
Napping
Placebo
Human
Explicit memory
Implicit memory
Declarative
Procedural

a b s t r a c t

Caffeine, the world’s most common psychoactive substance, is used by approximately 90% of North Amer-
icans everyday. Little is known, however, about its benefits for memory. Napping has been shown to
increase alertness and promote learning on some memory tasks. We directly compared caffeine (200 mg)
with napping (60–90 min) and placebo on three distinct memory processes: declarative verbal memory,
procedural motor skills, and perceptual learning. In the verbal task, recall and recognition for unassociated
words were tested after a 7 h retention period (with a between-session nap or drug intervention). A second,
different, word list was administered post-intervention and memory was tested after a 20 min retention
period. The non-declarative tasks (finger tapping task (FTT) and texture discrimination task (TDT)) were
trained before the intervention and then retested afterwards. Naps enhanced recall of words after a 7 h
and 20 min retention interval relative to both caffeine and placebo. Caffeine significantly impaired motor
learning compared to placebo and naps. Napping produced robust perceptual learning compared with
placebo; however, naps and caffeine were not significantly different. These findings provide evidence of
the limited benefits of caffeine for memory improvement compared with napping. We hypothesize that
impairment from caffeine may be restricted to tasks that contain explicit information; whereas strictly
implicit learning is less compromised.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Caffeine, the world’s most widely consumed stimulant [1], is an
active ingredient in coffee, tea, chocolate, sodas, and energy drinks
(the fastest growing sector of the American beverage industry) [2].
Modern times have led to an increase in daily, often multiple doses
of caffeine, a rise in the coffee business, and the addition of caf-
feine to common beverages such as soda, bottled water, and even
chewing gum. Based on the available product usage and food con-
sumption data, Barone and Roberts [3] estimated the mean daily
intake was 4 mg/kg body weight (approximately 280 mg for a 155
pound person; 16 ounces of Starbucks coffee contains 372 mg).
For the 90th percentile of caffeine users, intakes approximated
5–7 mg/kg body weight (approximately 300–500 mg).

This increasingly common use of caffeine in our society coin-
cides with an increasingly common trend of individuals obtaining

∗ Corresponding author at: University of California, San Diego, Laboratory of Sleep
and Behavioral Neuroscience, Department of Psychiatry, 9116a, 9500 Gilman drive,
La Jolla, CA 92093, United States. Tel.: +1 858 552 8585x42895; fax: +1 858 458 4201.

E-mail address: smednick@ucsd.edu (S.C. Mednick).

insufficient sleep on a regular basis. While it is difficult to ascertain
the exact number of individuals who use caffeine as a substitute
for sleep in society, the 2005–2007 National Sleep Foundation’s
annual Sleep in America polls strongly suggest that Americans reg-
ularly consume caffeine as a substitute for sleep and/or as a result
of insufficient sleep [4–6]. These polls report consistent associa-
tions between low quantity or quality of sleep, decreased daytime
functioning, and increased daytime caffeine consumption.

A number of studies have examined the benefits of day-
time caffeine consumption in non-experimentally sleep-deprived
individuals [7–19]. The performance tasks used in these studies
measure reaction time and motor speed, speed of information pro-
cessing, vigilance and attention, immediate and delayed verbal
memory, as well as mood and alertness (for review see [10,18].
Generally, caffeine enhances mood and alertness [8,14], vigilance
and attention [8,9], speed of information processing [14,19], reac-
tion time and motor speed [8,9,14,19]. One study found 200 and
300 mg of caffeine benefited visual vigilance, choice reaction time,
repeated acquisition, and self-reported fatigue and sleepiness,
but did not improve marksmanship, a task that requires fine
motor coordination and steadiness [16,17]. Dimpfel et al. mea-
sured the effects of placebo, 200 and 400 mg of caffeine on human

0166-4328/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbr.2008.04.028
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electroencephalogram (EEG) patterns at rest and during mental
concentration tests. In addition to the finding that the effects of
caffeine can be quantified with EEG spectral densities, they also
found that subjects achieved the best results on concentration tests
when given 200 mg of caffeine. In fact, subjects given 400 mg tested
below subjects in the placebo condition. Other studies have found
similar improvements on cognitive tasks with as little as 70 mg of
caffeine administration compared to placebo [20].

While these studies show caffeine can enhance wakefulness and
performance on attention and concentration tasks, little agreement
can be found in the literature on caffeine and memory [7,19,21]. In
their review, Nehlig et al. [10] write “In man, memory per se is
not improved but response tends to be quicker and keener [with
caffeine]”. An alternative explanation for the negative findings is
that only a limited number of memory processes have been exam-
ined. A thorough examination of the effect of caffeine across a wide
range of memory processes has not been completed. Thus, it is still
an open question whether caffeine improves learning and memory
[1,12], either more generally or in specific memory domains.

Naps, in contrast to caffeine, have been shown to enhance not
only alertness and attention, but also some forms of memory
consolidation. In particular, naps (daytime sleep between 5 and
90 min) appear to improve performance on non-medio-temporal
lobe dependent, procedural skills [22–25]. Mednick et al. reported
that a mid-day nap can also reverse perceptual deterioration that
builds with repeated within-day testing [22]. They further showed
that naps with SWS and REM produced improvements in perfor-
mance equivalent to that of a full night of sleep, whereas naps with
only SWS restored deteriorated performance to baseline levels [23].
Walker and coworkers have demonstrated that naps improve pro-
cedural motor skill learning to the same degree as a full night of
sleep, and that improvement on this task was correlated with Stage
2 and sleep spindle activity [25,26]. Tucker compared naps with
non-REM sleep to a no-nap condition on a procedural memory task
and a declarative, verbal-paired-associates task. They found that
the non-REM naps produced improved performance in the declara-
tive, but not the procedural task [27]. This is evidence that non-REM
in naps can produce similar declarative memory improvements as
nocturnal non-REM sleep [28].

Prior studies of performance during nightshift work have
directly compared caffeine and napping in on a variety of tasks
[29,30]. For example, recently, Sagaspe et al. compared the effects
of a single 200 mg dose of caffeine to a 30 min nap and placebo
on nocturnal driving in young and middle-aged participants. They
found that both interventions significantly improved performance
in both age groups, although napping was even more effective in
younger compared to older participants. There are no studies, how-
ever, directly comparing the effects of caffeine and naps during
the day in normally rested individuals, and few that have com-
pared caffeine and sleep at any time for cognitive processes beyond
attention, vigilance, or driving. Here, we compared the effects of
caffeine, a daytime nap, or placebo on three distinct memory pro-
cesses: declarative verbal memory, procedural motor skills, and
perceptual learning. For verbal memory, we tested recall and recog-
nition in two different phases: 7 h retention with a between-session
intervention (caffeine, placebo or nap), and 20 min retention for a
different list of words post-intervention. The non-declarative tasks
(finger tapping task (FTT) and texture discrimination task (TDT))
were trained before the intervention and then retested afterwards.

2. Methods

2.1. Subjects

61 adults between ages 18–39 with no personal history of neurological, psycho-
logical or other chronic illness (non-smoking) gave informed consent to participate

Fig. 1. Experimental timeline. All subjects tested on Word List 1 in the morning.
At 1 p.m., nappers slept with PSG monitoring. At 3 p.m. non-nappers received an
unmarked pill (200 mg of caffeine or placebo). All subjects retested on Word List 1
after 7 h retention interval. All subjects were then trained and tested on Word List 2
with a 20 min retention interval.

in the experiment, which was approved by the institutional review boards of the
University of California San Diego. Subjects were low to moderate caffeine drinkers
(no more that two cups of coffee per day). Since restricted nighttime sleep can have
a deleterious effect on performance [31], we required that subjects maintain a sleep
schedule for one week prior to the study. For seven nights prior to the study, subjects
were instructed to go to bed no later than midnight and to get up no later than 8
a.m. They were asked to spend at least 8 h in bed each night. Subjects filled out sleep
diaries and wore actigraphs as subjective and objective measures of sleep–wake
activity. Subjects were restricted from consuming caffeine and alcohol 24 h prior to
and during the experimental day.

An uneven number of subjects were run in all three tasks due to technical error,
subjects misunderstanding the task which led to unusable data, and adding the
verbal task midway through the study. For the Verbal task, 11 placebo, 12 nappers
and 12 caffeine subjects were run. For the Motor task, 18 placebo, 13 nappers and
18 caffeine subjects were run. For the Perceptual task, 19 placebo, 18 nappers and
18 caffeine subjects were run.

2.2. Study procedures

Fig. 1 shows study timeline (an example task order scenario). Task order was
counterbalanced across subjects. Subjects were in the lab under supervision during
the entire experimental day. Subjects’ knowledge of testing procedure was limited
to being told that they would be tested in the morning and afternoon on the all
three tasks. At 09:30, subjects were administered the initial verbal task and were
trained on the finger tapping task and texture discrimination task (Session One).
Lunch was served at noon. At 13:00, subjects were randomly assigned to a nap or
a drug group. Subjects either took a polysomnographically (PSG) recorded nap (90-
min of sleep maximum or up to 2 h in bed) or listened to a book on tape with PSG
monitoring. A summary of nap PSG can be found in Table 1 At 15:00, subjects in
the drug groups were given an unmarked pill (200 mg caffeine or placebo). Sixty
minutes later (Session Two), subjects were tested on all three tasks, as described
below.

In addition, subjective sleepiness was measured before and after each test
session with the Karolinska Sleepiness Scale (KSS). The KSS assesses subjects’
momentary state of alertness/sleepiness on a 1–9 scale (“extremely alert” to
“extremely sleepy”). Before the first test session subjects also completed the
Epworth Sleepiness Scale. The Epworth assesses trait daytime sleepiness with eight
questions, each scored with a degree of severity ranging from 0 to 3. A score less
than 10 is considered normal. Table 2 shows the demographic information, Epworth

Table 1
Polysomography of naps (mean and standard deviation)

TST Stage 1 Stage 2 SWS REM

69.38 ± 23 6.38 ± 4.1 41.57 ± 14 12.55 ± 13 8.88 ± 12

*%
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Table 2
Demographics and Actigraphy (mean and standard deviation)

Group Age N (# female) Education (years) Epworth TST (minutes) Bedtime Waketime

Nap 23.6 (0.78) 19 (12) 15.1 (0.40) 5.81 (0.58) 417 (54) 23:56 7:42
Placebo 22.2 (0.84) 21 (15) 14.8 (0.38) 6.05 (0.67) 428 (45) 00:05 8:02
Caffeine 25.5 (1.2) 21 (15) 15.5 (0.27) 6.37 (0.62) 401 (76) 23:36 7:38

score, and actigraphy data from the week prior to experimental day, including Total
Sleep Time (TST), Bedtime and Waketime.

2.3. Verbal task

We examined recall and recognition memory in two different phases of verbal
memory: 7 h retention with a between-session intervention (caffeine, placebo or
nap), and 20 min retention for a different list of words post-intervention. During
Session One, subjects were trained and tested on Word List 1. During training, the
experimenter read aloud 24 unrelated words in three consecutive trials. Immedi-
ately after each trial, subjects were asked to recall the words. After a period of 20 min
(during which non-verbal tasks were completed), subjects were given tests of free
recall and recognition for Word List 1. No feedback on performance was given. In
the recognition test, subjects were read aloud a list of 48 words (half the words
were Word List 1 and half were lures) and determined which were on Word List
1.

At the start of the second test session, tests of recall and recognition were given
for Word List 1 in order to test for 7 h retention. Afterwards, the entire verbal mem-
ory task was repeated with Word List 2 to test for 20 min retention in recall and
recognition memory. For each test session, free recall was measured as the num-
ber of words correctly recalled unprompted. Recognition memory performance was
measured with d’ (index of discriminability between target and lure words). We
used two of the word lists here that were previously developed for other stud-
ies of verbal learning in our lab [32]. Words were chosen from those normed for
recallability by Christian et al. [33], and each list was matched for recallability,
word length, concreteness, and imagery. List order was counterbalanced across
subjects.

2.4. Motor task

The finger tapping task was identical to that from Walker et al. [34]. The task
required subjects to repeatedly complete, with their left (non-dominant) hand, the
sequence 4-1-3-2-4 on a keyboard. Each block consisted of 30 s of key presses
followed by 30 s of rest. The training session consisted of 12 blocks and the test
session consisted of 3 blocks. The numeric sequence (4-1-3-2-4) was displayed at
the top of the screen at all times to exclude any working memory component to
the task. Each key press produced a white dot below, forming a row from left to
right over the course of each key press sequence. Performance was measured as
the number of correct sequences completed (score), and number of errors made
(accuracy).

2.5. Perceptual task

Participants performed a texture discrimination task similar to that developed
by Karni and Sagi [35] and identical to that utilized in our previous studies [22,23,36].
Participants were asked to discriminate two targets per trial: a central letter (‘T’ or
‘L’), and a peripheral line array (vertical or horizontal orientation) in the lower left
quadrant at 2.5◦–5.9◦ eccentricity from the center of the screen. The peripheral array
consisted of three diagonal bars that were either positioned in a horizontal array or
a vertical array against a background of horizontally oriented bars, which created a
texture difference between the target and background.

An experimental trial consisted of the following sequence: central fixation cross,
target screen for 32 ms, blank screen for a duration between 0 and 600 ms (the inter-
stimulus-interval, or ISI), mask for 16 ms followed by the response time interval
before the next trial. Subjects reported both the letter at central fixation (T or L)
and the orientation of the peripheral, three-element array (horizontal or vertical)
by making two key presses. The central task controlled for eye movements.

Each block consisted of 50 trials, each with the same ISI, and lasting approxi-
mately 2 min. A threshold was determined from the performance across 20 blocks,
with a progressively shorter ISI, starting with 600 ms and ending with 0 ms. The
specific sequence of ISIs across an entire session was [600, 500, 400, 350, 300, 250,
200, 175, 150, 125, 100, 80, 60, 40, 20, 0]. A psychometric function of percent cor-
rect for each block was fit with a Weibull function to determine the ISI at which
performance yielded 80% accuracy.

Participants controlled the onset of each block and were instructed to take as
many breaks as they needed between blocks. Once a block began, a new trial initiated
every 2 s, regardless of whether or not the subject made a response. Training, which
occurred at the beginning of the 9 a.m. test session, consisted of 15 trials of an easy

version of the task (ISI of 1000–1500 ms), and 50 trials of the easiest block of the
actual task (ISI of 600 ms). This training ensured that participants understood the
task and were discriminating the peripheral target between 90% and 100% correct
on the easiest version of the task.

3. Analysis

3.1. Verbal task

Our main outcome of interest involved the recall and recogni-
tion memory scores for the 7 h retention interval, since that interval
included the different interventions. To examine that, we utilized
a one-way analysis of variance (ANOVA) using three levels of the
variable Group (caffeine, nap, placebo), separately for recall and
recognition. One concern with this approach, though, would be
whether the three groups showed equal performance at baseline
(i.e., 20 min memory for Word List 1). Thus, we first evaluated that
question with a similar one-way ANOVA. If that analysis showed
a significant main effect of group, we planned to control for base-
line performance by examining the Session x Group interaction in
a Repeated-Measures ANOVA. However, since neither 20 min recall
nor recognition showed baseline differences (see Section 4, below),
we utilized the one-way ANOVAs for the 7 h retention interval to
maximize power for our main effect of interest. Finally, to exam-
ine the impact of the intervention on the ability to encode new
words, we conducted the same analysis for recall and recognition
of Word List 2 at the 20 min retention interval. Significant ANOVAs
were followed-up by examining differences between groups at the
specific time point with independent samples t-tests.

3.2. Motor task

Prior to conducting the response time (RT) analyses described
below, errors and a small number of extreme outlier trials (RTs of
greater than 3000 ms) were excluded [34]. We examined group
differences across Session One and Two (i.e., learning) with a
Repeated-Measures ANOVA, with Group as the between-subject
variable, and Session (mean performance from last two blocks of
the training vs. two blocks of test) as the within-subjects variable.
This ANOVA was conducted for both score and accuracy.

3.3. Perceptual task

We examined group differences across Session One and Two
with a Repeated-Measures ANOVA, with Group as the between-
subjects variable, and session thresholds as within-subjects
variables [23].

3.4. Subjective sleepiness

Sleepiness was examined with a mixed-model Repeated-
Measured ANOVA with Group as the between variable and the four
administrations as the within-factors. Also, we specifically exam-
ined the KSS rating from immediately after the treatment in a
one-way ANOVA to examine acute treatment effects of subjective
sleepiness.

**
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4. Results

4.1. Verbal task

No significant differences were found between groups in Recall
of Word List 1 at 20 min (Recall means and standard devia-
tions = 13.70(3.0), 15.25(3.33), 12.25(3.5) for placebo, nap, caffeine,
respectively; F = 2.36, p = 0.11, eta2 = 0.12) or recognition of Word List
1 at 20 min (recognition means and standard deviations = 4.5(0.99),
4.9(0.60), 4.5(0.73), for placebo, nap, caffeine, respectively; F = 0.73,
p = 0.49, eta2 = 0.04). Recall memory for Word List 1 after 7 h
retention interval showed significant group differences (F = 5.41
p = 0.009, partial eta2 = 0.25, Fig. 2a). Post hoc tests showed: (a)
the nap group performed significantly better than the caffeine
group (p = 0.003); (b) nap performed marginally better than placebo
(p = 0.06.); and (c) there were non-significant differences between
caffeine and placebo (p = 0.22). Recognition memory for words
after a 7 h retention interval also showed significant group dif-
ferences for d’ (F = 4.51 p = 0.019, partial eta2 = 0.22, Fig. 2b). Post
hoc tests showed: (a) nap performed significantly better than caf-
feine (p = 0.008); (b) nap better than placebo (p = 0.03); and (c) no
difference between caffeine and placebo (p = 0.50).

Recall after a 20 min retention interval showed significant
group differences (F = 4.97 p = 0.01, partial eta2 = 0.24, Fig. 2c). Post

hoc tests showed: (a) nap performed significantly better than
caffeine (p = 0.004); (b) no difference between nap and placebo
(p = 0.21); and (c) caffeine performed marginally worse than
placebo (p = 0.08). For recognition memory after a 20 min retention
interval, no Group differences were found for d’ (F = 0.57 p = 0.57,
partial eta2 = 0.03, Fig. 2d). Data from the Verbal task is shown in
Fig. 2.

4.2. Motor task

A Repeated-Measures ANOVA on accuracy showed no signif-
icant interaction between group and accuracy (F = 1.87, p = 0.16,
partial eta2 = 0.07). Accuracy was consistently high for all groups.
Mean accuracy for the last two blocks of training was 0.97, 0.97,
and 0.98 for the placebo, nap and caffeine groups, respectively. For
the two blocks of the test session, these values were 0.98, 0.98, and
0.98.

A Repeated-Measures ANOVA on score was statistically signif-
icant (F = 6.14, p = 0.004, partial eta2 = 0.21). Post hoc one-sample
t-tests on the differences scores (last two blocks of train session
minus first two blocks of test session) indicated the caffeine group
showed significantly impaired learning (i.e., smaller increase in the
number of sequences completed at Session Two) compared with
placebo (p = 0.003), and nappers (p = 0.03). No difference was found

Fig. 2. Declarative verbal memory task. Verbal memory performance in placebo (black bar), nap (striped bar), and caffeine groups (grey bar) (means and standard errors),
with p-values of significant group differences. Seven hours retention of Morning Words in Recall (a) and recognition in d’ (b), 20 min retention of Evening Words in Recall (c)
and recognition in d’ (d).
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Fig. 3. Motor skill learning. Differences scores on finger tapping task represent
increase in number of correct sequences completed in Session Two compared with
Session One in placebo (black bar), nap (striped bar) and caffeine (grey bar) groups.

in between nap and placebo (p = 0.38). Indeed the caffeine group
did not show improvement across sessions (p = 0.43), whereas nap-
pers (p = 0.000) and placebo (p = 0.000) groups showed significantly
higher scores. Difference scores are shown in Fig. 3.

4.3. Perceptual task

‘Performance improvement across the three groups was exam-
ined with a Repeated-Measures ANOVA. There was a marginally
significant difference across the three groups (F = 2.44, p = 0.09,
eta2 = 0.09). Post hoc one-sample t-tests on the difference scores
indicate that nappers showed the typical improvement on the TDT
compared with placebo (p = 0.02). However, the caffeine group fell
in-between naps and placebo and was not significantly different
from either naps (p = 0.29) or placebo (p = 0.26). Difference scores
are shown in Fig. 4.

Fig. 4. Perceptual learning task. Threshold difference score for texture discrimina-
tion task represents change in threshold from Session One to Session Two in placebo
(black bar), nap (striped bar) and caffeine (grey bar) groups.

Fig. 5. Subjective sleepiness ratings across the day for each group (averages and
standard errors). Caffeine group showed a short period of increased alertness imme-
diately after a dose of caffeine (*).

4.4. Subjective sleepiness

There was a marginally significant group effect on subjec-
tive sleepiness ratings across all four administrations (F = 2.77,
p = 0.07, eta2 = 0.09). Compared to naps and placebo, caffeine sub-
jects reported being more alert immediately prior to the testing
session following the intervention. Sleepiness rating show signifi-
cant group differences (F = 3.90, p = 0.03, eta2 = 0.20, Fig. 5) during
this third administration.

5. Discussion

In this study, we find that a moderate dose of caffeine impaired
motor sequence learning and declarative verbal memory compared
to placebo and daytime sleep. These decreases were found despite
the fact that caffeine increased subjective alertness, suggesting that
the caffeine dose was sufficiently high to have some psychoactive
effect. An afternoon nap, on the other hand, improved free recall
memory relative to the caffeine group after both a 20 min and a
7 h retention interval and produced greater learning on a motor
sequence task than caffeine. Although napping produced improve-
ments in the perceptual and motor tasks similar to that previously
reported, we also found large amounts of learning in the placebo
condition. In the perceptual task, the placebo group showed sig-
nificantly better performance than previous studies have reported
in the non-nap control groups [23]. Specifically non-nap controls
typically show performance deterioration with repeated testing,
whereas the placebo controls in the present study showed no dete-
rioration. Furthermore, the level of improvements on the motor
task in the placebo group is larger than control group performance
in prior studies for both nocturnal sleep [34] and naps [25]. We
hypothesize, at least for the motor and perceptual tasks, that the
placebo condition produced a true “placebo effect” on these mem-
ory tasks.

5.1. Napping and memory

Data from the verbal memory task suggest a sleep-dependent
consolidation process occurs during the nap that allows for
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better recall and a finer discrimination between targets and
distracters than can be achieved when sleep does not occur
between study and test periods or by caffeine. It should be
noted the present findings suggest a possible role for sleep dur-
ing naps in declarative memory consolidation of unassociated,
rather than associated, words. Recent research has shown that
associative and non-associative declarative memory may rely on
separate brain regions [37–39]. Specifically, these studies assign
item memory formation (non-associative) to the parahippocampal
gyrus (particularly rhinal cortices: anterior parahippocampal gyrus
and parahippocampal cortex) and associative memory formation
to the hippocampus. The majority of prior studies examining
hippocampal-related, sleep-dependent memory have investigated
memory for associated word-pairs [40–42]. Instead, the present
study examined item memory consolidation, which relies on
parahippocampal and rhinal cortices. These findings expand the
growing literature on the relationship between memory and sleep
to suggest that sleep may benefit declarative memory consoli-
dation not limited to processes subserved by the hippocampus
itself. In addition to enhancing memory consolidation for pre-
viously studied words, naps improved the ability to learn a
new list of words post-intervention when compared with caf-
feine.

5.2. Caffeine and memory

In this study, caffeine decreased subjective sleepiness. This
enhanced alertness, however, did not seem to transfer to motor
learning and verbal memory. Although 200 mg of caffeine is con-
sidered a moderate dose, other studies have also found similar
doses impaired motor skill. In a complex test of hand–eye coor-
dination in which subjects had to insert a stylus successively into
three holes, 60 or 120 mg of caffeine decreased, while 180 or 240 mg
of caffeine increased the time-to-task-completion [43]. In another
study, reading time of text increased with 2 or 4 mg of caffeine per
kilogram of body weight [44]. Other studies have similarly shown
that caffeine is unable to reverse the effects of sleep-deprivation
on areas of higher level cognition, for example, disadvantageous,
high-risk decision making [45]. A study of Navy Seals during the
highly stressful training period (i.e., Hell Week) demonstrated that
caffeine improved vigilance and speeded-reaction time [16,17].
However, it was less effective for more complex cognitive tasks,
such as working memory, marksmanship accuracy and time to
sight the target. Other studies have noted a similar lack of efficacy
for caffeine in higher cognitive tasks [46,47]. This study extends
these previous findings by being the first study, of which we are
aware, to show reduced motor memory consolidation with caf-
feine.

Although caffeine is clearly effective in increasing arousal, the
studies cited above indicate that the perceived cognitive benefit
of caffeine may not universally translate to objective performance.
High consumers of caffeine demonstrate faster simple and choice
reaction times and report positive subjective effects in response
to caffeine administration. Moderate to low users, on the other
hand, do not demonstrate these enhancements [48]. Performance
improvements from caffeine in some studies may thus represent
a relief from withdrawal symptoms in high users. Consistent with
this withdrawal hypothesis, we show no benefit to memory per-
formance with caffeine, even in moderate consumers of caffeine
(100–200 mg per day). One could also argue based on these data
that this relatively low dose of caffeine actually slightly impairs the
ability to learn new information (Figs 2c and 3). Such an impairment
of performance, if replicated, runs counter to the general society
assumption that caffeine typically benefits cognitive performance
(in this case, verbal and motor memory).

6. Limitations and caveats

One limitation of this study is that only one dose of caffeine
was administered. Thus, the findings should not be generalized
beyond this single dose of caffeine, roughly equivalent to two–three
cups of coffee. Future studies using multiple doses may show a
dose-response effect on motor and verbal memory. It is possi-
ble that a group receiving either a higher or lower (than 200 mg)
dose of caffeine would exhibit more optimal arousal states and
relatively improved performance relative to the placebo or nap
group. Similarly, future studies may wish to use multiple doses
of sleep (i.e., different lengths of sleep opportunity) to also test
whether a dose response relationship exists with napping for ver-
bal memory as reported for perceptual learning [22,23]. Further,
since the current study did not acquire plasma levels before or
during the actual experiment, it is possible that subjects misrep-
resented their daily caffeine intake and/or ingested caffeine on
the morning of the experimental day [49]. Habitual caffeine usage
has been shown to moderate performance enhancement abilities
of caffeine [48]. The degree to which this caveat biases the data
is lessened by the fact that subjects were randomized to their
treatment group in the middle of the experimental day. There-
fore, the likelihood of caffeine ingestion would be equal across
groups. If anything, use of caffeine by some subjects on the day
of the experiment should have minimized treatment effects, and
thus minimize differences between our groups. If this were true,
we may actually underestimate the differences between naps and
caffeine here.

One possible explanation for the motor decrements reported in
the present study is that caffeine impairs local motor movements.
Typically, it is thought that at least 5 mg/kg is needed to produce
hand tremors. But a few studies have found even lower doses
can induce tremors [50,51]. The moderate dose of 200 mg may
also have caused a global over stimulation to the nervous system,
even without overt hand tremors, which impaired performance.
Although subjects reported typically consuming 100–200 mg of
caffeine a day, this is likely absorbed through a caffeinated bever-
age. Oral administration of the pill may have increased arousal more
suddenly than sipping a cup of coffee. This heightened increase
in arousal may have impaired learning, as the Yerkes–Dodson
law states that performance is poor at high and low arousal
states.

It is possible that listening to a book on tape during the time
interval reserved for sleep in the napping group may have caused
interference in the caffeine and placebo groups for the verbal
memory task. However, the fact that the book on tape started
approximately 2 h after the morning test session was completed
may have reduced this possibility. If such interference did occur,
the caffeine group appeared to suffer more from interference than
the placebo group, since the caffeine group performed marginally
worse than the placebo group for the 20 min Recall of Word List
2. Finally, the choice of a language-based activity for this con-
trol period has the advantage of preventing (or at least reducing)
rehearsal of Word List 1 in the drug groups, which would have
potentially increased memory consolidation in those groups inde-
pendent of the drug intervention.

7. Conclusion

Overall, a daytime nap generally improved performance across
three different learning paradigms, while caffeine impaired (or at
least did not benefit) performance. We hypothesize that the pattern
of results demonstrated by the caffeine group may be explained by
the relative level of explicit information in each memory task. The
three tasks, perceptual learning, procedural motor skill, and verbal
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memory, each have varying levels of explicit information involved
in learning. The perceptual learning task involves the least amount
of explicit material, as demonstrated by the high degree of speci-
ficity shown in performance profiles [36] and no conscious access
to learning or deterioration [22]. The motor task, although proce-
dural, shows a strong explicit component, in that explicit sequence
knowledge has been shown to modify off-line consolidation [52].
Also, subjects report consciously practicing the specific sequence
between training and test [53]. The verbal task is by nature an
explicit task in which subjects must consciously hold on to indi-
vidual test words for later recall.

Explicitness in memory tasks has been shown to be related to
the degree that the task engages the hippocampus [54]. Sleep-
dependent memory improvement in hippocampal-related tasks
appears to be reliant on SWS [55]. In particular, Gais and Born
have demonstrated that low acetylcholine during SWS is important
for explicit verbal memory [56], but not implicit memory. Acetyl-
choline naturally decreases during sleep, whereas caffeine has been
shown to increase hippocampal acetylcholine via antagonism of
local adenosine A1 receptors [57]. This increase in hippocampal
acetylcholine by caffeine may block the consolidation process by
blocking replay of new memories. Consistent with this conceptu-
alization, we found that the greater the explicit component of each
task, the worse the caffeine group performed.

Recent attention to the importance of overnight sleep for a vari-
ety of health and cognitive domains has demonstrated that no
complete pharmacological alternative to a good night’s rest has
been discovered. The present findings suggest that caffeine, the
most common pharmacological intervention for sleepiness, may
not be an adequate substitute for the memory enhancements of
daytime sleep, either.
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The hypothesized role of rapid eye movement (REM) sleep, which
is rich in dreams, in the formation of new associations, has
remained anecdotal. We examined the role of REM on creative
problem solving, with the Remote Associates Test (RAT). Using a
nap paradigm, we manipulated various conditions of prior expo-
sure to elements of a creative problem. Compared with quiet rest
and non-REM sleep, REM enhanced the formation of associative
networks and the integration of unassociated information. Fur-
thermore, these REM sleep benefits were not the result of an
improved memory for the primed items. This study shows that
compared with quiet rest and non-REM sleep, REM enhances the
integration of unassociated information for creative problem solv-
ing, a process, we hypothesize, that is facilitated by cholinergic and
noradrenergic neuromodulation during REM sleep.

human ! implicit ! memory ! remote-associates ! sleep

The night before Easter Sunday of that year I awoke,
turned on the light, and jotted down a few notes on a tiny
slip of paper. Then I fell asleep again. It occurred to me
at 6 o’clock in the morning that during the night I had
written down something most important, but I was
unable to decipher the scrawl. The next night, at 3
o’clock, the idea returned. It was the design of an
experiment to determine whether or not the hypothesis
of chemical transmission that I had uttered 17 years ago
was correct. I got up immediately, went to the labora-
tory, and performed a single experiment on a frog’s
heart according to the nocturnal design.

Otto Loewi, 1938 German, Nobel laureate for his work on
the chemical transmission of nerve impulses.

Creativity has been defined as ‘‘the forming of associative
elements into new combinations which either meet specified

requirements or are in some way useful’’ (1). It has been further
proposed that creative problem solving is reached in four
successive phases: first, intense but unsuccessful confrontations
with the elements of the problem; second, a decision to put the
problem aside; third, a dormant period with no further conscious
work on the problem, e.g., incubation; and finally, a ‘‘f lash of
insight’’ in which the solution suddenly enters consciousness
while the individual is dreaming or engaged in idle thought
(2–4). Evidence for the role of these phases in creative problem
solving (e.g., a dormant period or incubation), however, is
inconsistent (5–7). Yet, it has been long hypothesized that
creative problem solving is enhanced by states of mind, such as
sleep or quiet reflection, which foster insights. Furthermore,
several famous anecdotes attribute creative revelations to
dreaming in particular, ranging from musical compositions to
insightful advances in scientific discovery (8).

Evidence for the role of sleep in creative problem solving has
been suggested by prior research, but the most critical questions
about this effect remain unanswered. First, sleep appears to
enhance creative and associative memory processing compared
with wake, but the underlying mechanisms, such as sleep stages,
have not been explored (9–12). The seminal article by Wagner
and colleagues (12) suggested that sleep might facilitate ‘‘cog-

nitive flexibility’’ and lead to increased occurrences of insight;
however, information about the operative sleep stage was not
provided. Second, no study has demonstrated that REM [a
potentially more facilitative state of mind than non-REM
(NREM)] enhances creativity more than wake, NREM, or
simply the passage of time (i.e., incubation) (13, 14). Circadian
confounds in the timing of testing periods may be a possible
reason for the lack of difference between the REM group and
wake controls. Last, although these studies suggest that exposure
to the elements of a problem before sleep is necessary for insights
to occur, they do not successfully distinguish between improved
memory and enhanced creative processing as the cause of better
performance on these associative tasks (15). In conclusion, prior
studies suggest that sleep, particularly REM, may enhance the
formation of associative networks and the integration of unas-
sociated information, but no study to date has shown REM to
enhance creative processing directly more than any other sleep
or wake state. The present study (i) directly compared REM,
NREM, and wake controls while using a nap paradigm to control
for circadian effects, and (ii) probed contributions of both
memory and associative processing in creative problem solving.

We compared incubation and sleep on three forms of prior
exposure to the elements of a creative problem (repeated
exposure, no exposure, or priming) on the Remote Associates
Test (RAT) (Fig. 1). Using a nap paradigm allowed us specifi-
cally to compare sleep with or without REM with incubation. In
the creativity task (RAT), subjects are required to produce a
word that is associated with three test words that are seemingly
unrelated to each other (1). The exposure conditions were
designed to access three different methods for creative problem
solving. First, the repeated-exposure condition examined the
role of incubation on creative problem solving. Second, the
priming condition examined whether stimulation of information
nodes by an unrelated source can increase solutions to creative
problems. Last, the no-exposure condition examined whether
general creative problem solving can be enhanced with repeti-
tion of the same type of task.

We hypothesized that: (i) incubation alone would increase
creative associations in the repeated condition; (ii) sleep, spe-
cifically REM, is required for associating information primed in
an unrelated task to the solutions for a creativity task; and (iii)
creative problem solving requires prior exposure to problem-
related information, such that no benefit would be seen for items
in the no-exposure condition. To reduce interference effects that
occur during normal waking, a quiet rest group with EEG moni-
toring was used instead of uncontrolled wake or sleep deprivation
groups.
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Results
Incubation-Dependent Improvements in Performance Are Indepen-
dent of Sleep. Subjects were first tested on the RAT at 9 AM and
retested at 5 PM. To compare sleep and the passage of time,
subjects were administered the same RAT in both the morning
and afternoon sessions. No differences were found between
groups (P ! 0.67, 1-way ANOVA) (Fig. 2), and post hoc analysis
showed that all three groups, NREM sleep, REM sleep, and

quiet rest, improved similarly on the repeated items compared
with the morning baseline performance [confidence interval
(CI) 95%, 6.5–38.3%; CI 95%, 10.6–50.2%; and CI 95%, 2.4–
71.0% for the REM, NREM, and rest groups, respectively].
These results indicate that passage of time (i.e., incubation) was
sufficient to increase creative problem solving. This is consistent
with the theory of incubation in which solutions to problems will
emerge spontaneously after not actively working on the problem
for some time (i.e., allowing the problem to incubate) (16).

REM Sleep, Not Incubation nor NREM Sleep, Improved Solutions After
Priming. We tested whether priming of associative networks
would improve creative problem solving with the primed items
and whether REM sleep would enhance this effect compared
with NREM sleep or quiet rest. After the morning RAT,
subjects completed a set of analogies (e.g., CHIPS: SALTY;
CANDY: S""") in which half of the answers (e.g., SWEET) were
also the answers to the afternoon RAT items (e.g., HEART,
SIXTEEN, COOKIES; answer: SWEET).

In contrast to the incubation results, subjects that had REM
sleep displayed a significant improvement above NREM sleep
and quiet rest groups (Fig. 3; P ! 0.04, 1-way ANOVA and post
hoc analysis). Strikingly, although the quiet rest and NREM
sleep groups received the same priming, they displayed no
improvement on the primed RAT items, whereas the REM sleep
group improved by almost 40% above the morning performance.
Although naps with REM typically had longer total sleep time
(TST) (see Table 1), surprisingly, TST was not correlated with
performance on the primed RAT items (r ! .104, P ! 0.53, Fig.
4). We also separated subjects by their TST with a median split
of the data and compared low TST with high TST on the priming
results, which was nonsignificant (t ! 1.4, P ! 0.17). Thus, it is
unlikely that the REM results were the result of TST differences
in the nap. Consistent with previous studies reporting a benefit

Fig. 1. Experimental design. Subjects were administered the creative prob-
lem solving test in the morning and then a word analogy priming task. After
an intervening polysomnographically recorded sleep or quiet rest period,
subjects were tested on the three prior exposure conditions: repeated expo-
sure (white box), primed exposure (gray box), or no exposure (black box).
Memory tests for the analogy solutions followed.

Fig. 2. Incubation-dependent improvements in performance are indepen-
dent of sleep. NREM sleep, REM sleep, and quiet rest similarly improved
performance on the repeat items compared with the morning baseline per-
formance (CI 95%, 6.5–38.3%; CI 95%, 10.6–50.2%; and CI 95%, 2.4–71.0% for
the REM, NREM, and rest groups, respectively).

Fig. 3. REM sleep facilitates the use of prior information for creative
problem solving. Subjects who had REM sleep displayed a significant
improvement above NREM and quiet rest groups (P ! 0.047, 1-way ANOVA
and post hoc analysis). Strikingly, although the quiet rest and NREM nap
groups received the same priming, they displayed no improvement on the
primed RAT items, whereas the REM group improved by almost 40% above
the morning performance.

Table 1. Sleep statistics comparing REM and NREM naps

Sleep type NREM group REM group

Total sleep time* 50.2 ((4.2) 72.9 ((2.9)
Stage 1, NS 5.4 ((1.4) 3.9 ((1.0)
Stage 2, NS 24.6 ((3.0) 31.4 ((2.0)
SWS, NS 20.0 ((4.2) 23.3 ((2.8)
REM* 0.2 ((2.3) 14.3 ((1.6)

Results are shown as mean ((SEM). *, P % 0.001; NS, not significant.

2 of 5 ! www.pnas.org"cgi"doi"10.1073"pnas.0900271106 Cai et al.

&$



of sleep on cognition (17–20), we find that it was not the quantity
(i.e., TST), but the quality (i.e., specific sleep stages) that led to
improved performance. These results suggest that REM en-
hanced the formation of associative networks and the integration
of unassociated information, compared with quiet rest and
NREM sleep.

Creative Problem Solving Requires Prior Exposure. Because daytime
sleep has been shown to increase alertness and improve a range
of cognitive functions (perceptual, verbal, and motor learning;
declarative and implicit memory) (18, 21–24), we tested whether
sleep or quiet rest might enhance general creativity on new RAT
items. Baseline assessments were measured on the morning
RAT. In the PM session, subjects were tested on new RAT items.
Surprisingly, no group (NREM, REM, quiet rest) differences
were found on the new RAT items (P ! 0.261 1-way ANOVA)
(Fig. 5), and no improvement in PM performance above baseline
was observed in the three groups (CI 95%, "13.0 to 41.2%; CI
95%, "16.0 to 35.4%; and CI 95%, "15.4 to 51.0% for the REM,

NREM, and rest groups, respectively). Although daytime sleep
has been shown to improve performance on some cognitive tasks
and to increase alertness and restore homeostatic drive, neither
NREM nor REM sleep improved general creative problem
solving in the absence of prior exposure (e.g., priming).

REM Improvements in Creative Problem Solving Are Not Caused by
Improved Memory. Previous studies have shown that sleep facil-
itates the retention of declarative memories (25–27). We, there-
fore, examined whether enhancement on the RAT items after
priming and REM sleep was caused by memory of the answers
in the priming task. To address memory, recognition and cued
recall were assessed for answers to the morning analogies during
the afternoon session. The process dissociation procedure (28)
was also used to investigate how sleep may act on implicit and
explicit memory processes.

Surprisingly, yet consistent with the incubation findings, no
difference was observed among the three groups (NREM,
REM, and quiet rest) for any of the memory measures, including
recognition (P ! 0.283, 1-way ANOVA), cued recall (P ! 0.353,
1-way ANOVA), explicit (P ! 0.435, 1-way ANOVA), and
implicit (P ! 0.229, 1-way ANOVA). Interestingly, all three
groups (rest, NREM naps, REM naps) had &90% correct on the
recognition test, suggesting that all groups formed memories of
the answers from the morning analogies, i.e., priming. NREM
sleep, REM sleep, and quiet rest groups were indistinguishable
on the memory measures [recognition (P ! 0.28, 1-way
ANOVA), cued recall (P ! 0.35, 1-way ANOVA), explicit (P !
0.43, 1-way ANOVA), and implicit (P ! 0.22, 1-way ANOVA)
memory]. Performance on these memory measures was not
correlated with performance on the primed RAT items (Fig. 6).
Importantly, although all groups had similar memory for primed
answers, only subjects with REM sleep promoted generalization
of the analogy answers to new and useful solutions on an
unrelated creative problem-solving task.

Discussion
Here, we report that REM sleep can improve creative problem
solving. We found that: (i) the passage of time (i.e., incubation
period) improves problem solving for previously exposed items,
and this was independent of the sleep condition; (ii) sleep
enhanced creative problem solving for items that were primed
before sleep, but this was only true for naps that included REM
sleep; (iii) REM sleep improvements in creative problem solving

Fig. 4. Amount of sleep does not contribute to creative problem solving. TST
and improvement on primed RAT items were not significantly correlated (r !
0.104, P ! 0.53, trend line shown).

Fig. 5. REM sleep does not improve creative problem solving without prior
exposure. No group differences were found on the new RAT items (P ! 0.261
1-way ANOVA), and PM performance was not different from baseline in the
any of the three groups (CI 95%, "13.0 to 41.2%; CI 95%, "35.4 to 16.0%; and
CI 95%, "51.0 to 15.4% for the REM, NREM, and rest groups, respectively).
Although daytime sleep has been shown to improve a range of cognitive
functions (perceptual, verbal, and motor learning; declarative and implicit
memory) and to increase alertness and restore homeostatic drive, neither
NREM nor REM sleep improves general creative problem solving in the ab-
sence of prior exposure (e.g., priming).

Fig. 6. REM sleep improvements in creativity are dissociated from memory.
Creative problem solving performance in the priming condition (y axis) and
memory tasks (cued recall and recognition) are shown. The three groups
perform equally well on all memory tasks, although REM sleep improvements
in creativity are only seen in performance for primed unrelated items.
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are not the result of selective improvements in memory; and (iv)
general problem-solving abilities were not improved in wake or
sleep conditions. These findings have important implications for
how sleep, specifically REM sleep, might foster the formation of
associative networks.

A longstanding, critical issue in sleep and cognition research
is whether improvements in behavioral performance are the
result of sleep-specific enhancement or reduction of interfer-
ence. Experiences during waking have been shown to interfere
with memory consolidation (29). Thus, performance benefits
observed after sleep may be the result of lack of interference. For
example, a recent study found that a quiet wake interval pro-
vided benefits for auditory tone sequence learning similar to
those from a sleep interval, and both were better than the active
wake interval (30). Our methods control for interference effects
by comparing sleep periods with quiet rest periods. Subjects were
relaxed on a recliner, with polysomnographic monitoring, and
they listened to instrumental music of their choice for a time
interval equal to the naps. By controlling for verbal input, we can
be confident that performance across sleep and wake groups was
not caused by a difference in verbal interference during the nap,
but specifically by processes occurring during incubation.

Current models for why we sleep posit an important role of
sleep in memory consolidation (31–34). While controlling for
circadian effects, the present study found that sleep specifically
enhanced the associative network for primed solutions but did
not improve memory consolidation. Although other studies have
reported that sleep enhances explicit verbal memory (22, 35), our
memory measures were not comparable with these recall tasks
because exposure to the verbal material was primed and not
explicitly presented. Furthermore, not only were NREM sleep,
REM sleep, and quiet rest groups indistinguishable on the
memory measures, performance on these memory measures was
not correlated with performance on the primed RAT items. This
indicates that the improvement on the primed RAT was not a
consequence of the REM sleep group simply remembering the
primed words better than the other groups. These results are
consistent with the previous finding that memory strength of
previously encountered insight problems is not directly related to
the solution acquisition to those problems (36).

The results support the hypothesis that the brain is subcon-
sciously spreading activation of previously activated nodes. Prior
literature suggests that during a ‘‘dormant period’’ between two
active encounters with a problem, the memory trace of a target
item, and the progression of this target through other relevant
stored information generate spreading activation through a
network (16). For example, by priming the solution SWEET
before sleep, the SWEET node is activated, and during subse-
quent REM sleep, the associative nodes (in this case HEART,
SIXTEEN, COOKIE) are more likely to be activated and
increased above threshold. Therefore, when the three words that
were previously unrelated (HEART, SIXTEEN, COOKIE) are
seen, there will be an increased probability of the node SWEET
being chosen as the solution. We propose that the most optimal
dormant period occurs during REM sleep, which provides the
most spreading of activation.

One possible mechanism for the spreading-activation model
involves cholinergic and noradrenergic neuromodulation that
occurs specifically during REM sleep. During wake, higher levels
of norepinephrine and acetylcholine inhibit recurrent connec-
tions in the neocortex. During REM sleep, however, high levels
of acetylcholine in the hippocampus suppress feedback from
hippocampus to the neocortex, whereas lower levels of acetyl-
choline and norepinephrine in the neocortex could facilitate the
spread of activity within neocortical areas without strong hip-
pocampal influence (37). This is supported by behavioral evi-
dence from amnesiacs that activation of this associative network
during sleep is independent of the medial temporal lobe struc-

tures and may reflect reactivation of remote memories that are
less dependent on the hippocampus (38). In this theoretical
framework, REM sleep would allow neocortical structures to
reorganize associative hierarchies, in which information from
the hippocampus would be reinterpreted in relation to previous
semantic representations or nodes.

We propose that REM sleep is important for assimilating new
information into past experience to create a richer network of
associations for future use. Fluid interpretation is a hallmark of
a creative mind, from idle word play to the abstraction of shapes
that led to the solving of neurochemical transmission or the
structure of the benzene ring. These findings on the role of REM
sleep in creative problem solving underscore the Nobel Laureate
Friedrich A. Kekule’s recommendation: ‘‘Let us learn to dream.’’

Experimental Procedures
General procedures are outlined in this section. Deviations from this proce-
dure are described in each section.

Subjects. A total of 77 native English speakers between the ages of 18 and 35
with no personal history of neurological, psychological, or other chronic illness
gave informed consent to participate in the experiment, which was approved
by the Institutional Review Board of the University of California at San Diego.
Subjects were required to sleep an average of 6 h per night for the 5 days
leading up to the experimental day and at least 6.5 h the night before the test
day. Subjects filled out sleep diaries and wore actigraphs 5–7 days before
testing as subjective and objective measures of sleep–wake activity. Subjects
were restricted from consuming caffeine and alcohol 24 h before and during
the experiment day.

Materials
RAT is a paper-and-pencil task adapted from Mednick (1). Each RAT item contains
a triplet of words presented horizontally along with a blank space. Each item
requires the subject to combine or relate the three words drawn from mutually
remote associative clusters (e.g., COOKIES, SIXTEEN, HEART: """""). The subject is
required to find a fourth word that could serve as an associative link between
these three words. The answer to this item is SWEET (cookies are sweet, sweet
sixteen, sweetheart). The three test words HEART, SIXTEEN, COOKIE are associ-
ated with the solution SWEET by formation of a compound (sweetheart), by a
syntactic association (sweet sixteen), and by a semantic relationship (cookies
are sweet). Thus, reaching a solution requires ‘‘creative thought’’ because the
first, most highly probable associate to each of the items is often not correct,
so the solver must think of more distantly related information to connect the
three words. Performance on the RAT correlates reliably with other estab-
lished insight problems (39).*

Subjects were read the instructions aloud and given four practice items to
ensure understanding of the task. The score was calculated as the proportion
of items answered correctly. Subjects completed two versions of the RAT, one
in the morning and one in the afternoon. The two versions were counterbal-
anced across sessions. In the morning session, subjects completed the AM RAT,
and AM scores were used as baseline.

Analogies. Analogies (e.g., FAST:SLOW as HARD:E"""), were administered in
the AM session. The first letter of each answer was given. Half of the analogy
answers served as primes for the answers to the RAT administered during the
PM session. There was no time limit for completing the analogies. The mean
log HAL word frequency (40) for all words used in the analogies was 1.58 (SD !
0.73). The mean word length was 5.36 letters (SD ! 1.75).

General Method. All subjects were tested on the RAT twice in 1 day (Fig. 1). At
0900, subjects were administered the RAT followed by the analogies. Subjects
returned at 1300, at which time they were randomly assigned to a nap or a
quiet rest group. Subjects in the nap group took a polysomographically
recorded (PSG) nap (90 min of sleep maximum or up to 2 h in bed), whereas
those in the rest condition listened to instrumental music with PSG monitoring
for 90 min. At 1630, subjects returned for testing of the afternoon RAT.

*Dallob PI, Dominowski RL (April, 1993) Erroneous Solutions to Verbal Insight Problems:
Effects of Highlighting Critical Material. Paper presented at the 73rd Annual Meeting of
the Western Psychological Association, Portland, OR.
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Experiment 1. RAT. Subjects completed 30 RAT items. They were given 40 min
to complete all of their responses.
Analogies. Two versions with 30 analogies each were administered in the AM
session. Fifteen analogies in the AM had the same answers as 15 items in the
PM RAT.
Study procedure. In the morning session, subjects completed the AM RAT and
then filled in responses to 30 analogies. In the PM RAT, 15 of the items were
primed during the AM analogies. The other 15 PM RAT items were unprimed.
A total of 25 subjects, REM (n ! 10), NREM (n ! 6), and rest (n ! 9), participated
in experiment 1.

Experiment 2. RAT-S. Two shortened versions of the RAT were used, each with
15 items. These versions were created by dividing Version A of the RAT into
odd and even items. The two versions were counterbalanced across sessions.
Subjects were given 20 min to complete all of their responses. The morning
RAT-S was used as a baseline performance measure. In the afternoon session,
two RAT-S forms were administered. One form was the same form as the
morning (i.e., uncued RAT-S), and the other form had the 15 answers cued
from the morning analogies (i.e., cued RAT-S).
Analogies. Subjects completed 75 analogies. Fifteen correct answers were
primes for the afternoon cued-RAT-S. The remaining 60 analogy answers were
used in the afternoon session to test for memory retention with three distinct
methods. Twenty correct answers were tested on a recognition test, 20 correct
answers were tested on an inclusion test, and 20 correct answers were tested
on an exclusion test (see below for test description).
Inclusion and exclusion tests. A modified version of the process-dissociation
procedure (15) was used to dissociate between explicit and implicit processes
for verbal memory. For the inclusion test, subjects were given 20 stem com-
pletions and asked to complete them with words they recalled from the
answers to the morning analogies. If they could not recall the word, they were
asked to fill in the stem with the first word that came to mind. For the exclusion
test, subjects were also given 20 stem completions and asked to complete with
words that were NOT answers to the morning analogies. If they could not

recall the word, they were to fill in the stem with the first word that came to
mind. The 40 words were counterbalanced across the inclusion–exclusion test
and condition. Explicit memory was calculated as inclusion " exclusion. Im-
plicit was computed as exclusion/[1"(inclusion " exclusion)] (28).
Study procedure. At 0900, subjects were administered the RAT-S, followed by
the analogies. Subjects returned at 1300, at which time they were randomly
assigned to a nap or a quiet rest group. At 1700, subjects returned to execute
the cued RAT-S, noncued RAT-S, recognition, inclusion and exclusion tests. A
total of 52 subjects, REM (n ! 18), NREM (n ! 6), and rest (n ! 28) participated
in experiment 2.

Statistical Analyses. Three tests of percentage improvement on RAT perfor-
mance (repeat exposure, primed exposure, no exposure) were examined with
a 2-tailed, 1-way ANOVA by using three levels of the variable Group (REM,
NREM, quiet rest). Percentage improvement was calculated as (number of
correct responses on afternoon RAT " number of correct responses on morn-
ing baseline RAT)/(number of correct responses on morning baseline RAT).
Percentage improvement was computed for each individual and then aver-
aged across subjects for each group. CI values were set at 95%, with a 2-tailed
probability to examine whether percentage improvement on the afternoon
RATs differed from 0 (i.e., no improvement). To examine the effect of specific
sleep stages on creative problem solving, we categorized naps by the presence
or absence of REM sleep as indicated by PSG. This segregated the data into
naps with REM, NREM, and quiet rest groups. Performance for new and repeat
exposure was calculated from experiments 1 and 2, respectively. There were
no differences between experiments 1 and 2 for performance in primed-
exposure RAT items [P ! 0.26, 2-way ANOVA (Experiment $ Group)], so
percentage improvement for each subject was collapsed across experiments 1
and 2.
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