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Participants playing the computer game Tetris reported intrusive, stereotypical,
visual images of the game at sleep onset. Three amnesic patients with extensive
bilateral medial temporal lobe damage produced similar hypnagogic reports
despite being unable to recall playing the game, suggesting that such imagery
may arise without important contribution from the declarative memory system. In addition, control participants reported images from previously played
versions of the game, demonstrating that remote memories can influence the
images from recent waking experience.
People who engage in novel physical or mental activities for extended periods of time
often experience a hallucinatory replay of the
activities as they fall asleep, a phenomenon
noted in both literary and scientific sources
(1–3). Although the origin of these images in
waking experience appears clear, the source
within the brain and the function of such
imagery are uncertain. If these images are
mediated by declarative memory systems,
amnesic patients with bilateral hippocampal
lesions should not experience them. Because
amnesics are capable of reporting dream experiences (4, 5), the question can be meaningfully addressed.
Most studies of dreaming involve reports of mental activity after forced awakenings from rapid eye movement (REM)
sleep (6, 7 ) or after spontaneous awakenings in the middle of the night or morning
(8). Hypnagogic mentation represents another source of sleep-state mental imagery
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(9 –12). Studies of the role of sleep in
learning and memory have generally ignored the hypnagogic period, focusing instead on possible roles of REM sleep and
deep, slow wave sleep (13–16 ).
We asked 27 participants to play 7 hours
of the computer game Tetris (17) over 3 days,
2 hours at the first exposure and 1 hour each
subsequent morning and evening (18). Three
groups of participants were studied: 12 novices with no prior Tetris experience, 10 experts with considerable Tetris experience,
and 5 amnesics with extensive, bilateral medial temporal lobe damage (19). Participants
were repetitively prompted for mentation reports during the first hour of attempted sleep
(20).
Even though the five amnesic patients
were of average intelligence, they were unable to learn and retain new episodic information regardless of modality of presentation
or the nature of the material. The performance of the amnesic patients showed only
minimal, albeit significant, improvement
over 7 hours of play (Fig. 1). The mean score
increased from 537 points on participants’
first game to a first session average of 651.
Over the next five sessions, the scores increased by 36% to 884 points per game
(21). Although game playing is often seen
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as based on procedural learning (which is
preserved in amnesia), the amnesic group
demonstrated impoverished learning in
comparison with normal novices, suggesting that Tetris proficiency may also depend
on declarative memory systems. This interpretation is supported by the finding that
left and right hippocampal glucose utilization during Tetris play decreases during
training in proportion to improvement in
performance, suggesting a shift away from
hippocampal dependence as learning plateaus (22).
Three of the five patients produced a
total of eight reports of Tetris imagery
across three nights. These reports accounted for 7.4% of all hypnagogic reports collected, similar to that seen in normal participants (7.2%; Fig. 2A) (23). In contrast,
there was only a single report of a thought
about Tetris without clearly associated imagery (⬍1%; Fig. 2B). As with the normal
participants, the visual imagery reported
was highly stereotyped (24 ).
Normal controls without prior experience playing Tetris had first game scores
averaging 786, significantly higher than
that of the amnesics (25). They showed
considerable improvement in performance
over the 3 days and six sessions (Fig. 1)
(26 ). The appearance of hypnagogic Tetris
images in novices was very similar to that
seen with amnesics. Nine of 12 Tetris novices produced a total of 19 reports of Tetris
imagery over two nights of recording, a
report rate very similar to that of the amnesics (Fig. 2A). The imagery described
showed the same highly stereotyped content as seen with the amnesics (27 ). Novices produced 12 reports of thoughts of
Tetris without imagery (Fig. 2B). Such reports, clearly linked to declarative memories, were virtually absent in the amnesics.
Ninety percent of the reports with images
from these novices (17 out of 19) were obtained on the second night. In contrast, twothirds of the reports of thoughts alone (8 out
of 12) occurred on the first night (Fig. 2).
Although this difference in distributions is
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highly significant (28), further studies will be
needed to confirm the finding. Nevertheless,
the distribution of images is not what would
be expected if the images were the product of
either demand characteristics or a simple and
automatic replay of recent, repetitive, sensory
stimuli.
Normal participants with extensive experience playing Tetris, but who in general
had no recent practice (29), produced high
scores from the start and showed no significant improvement over the six sessions
(Fig. 1) (30). Nevertheless, they also produced hypnagogic Tetris imagery. Over the
three nights, 5 of the 10 experts produced
11 reports of hypnagogic Tetris imagery
(4.7% of 235 reports), as well as 13 reports
of thoughts without images (5.5% of 235
reports). As with the other groups, the imagery reported was stereotyped (31). In
addition to these stereotyped images, two
of the five experts who reported Tetris
imagery described images from earlier versions of the game, which they had not
played in the last 1 or 5 years, respectively
(32). In these cases, the image construction
process followed associative links and incorporated older memories in preference to
images from recent play.
Normal participants (novices and experts combined) showed significantly different patterns for reports of images and
thoughts across the sleep onset period (Fig.
3). After an initial 2.5-fold increase from
presleep to 15 s into sleep (4.5% compared
with 11.3%), the frequency of Tetris images then dropped in half (to 5.7%) after just
2 min. In contrast, thoughts about Tetris
dropped in half between the presleep period
and 15 s into sleep (7.8 to 3.9%) and then
remained constant across the next 3 min
(4.2% at 3 min).

Fig. 1. Game performance. Mean scores, averaged across participants, for each play session.
Participants receive about 20 points for each
piece put into play. Session ”0“ is first game
score of first session. Solid circles, experts; open
circles, novices; hatched circles, amnesics. Error
bars ⫽ SEM.

Identifying the sources of memories
used in dream construction is normally contingent on the investigator’s subjective interpretation of obscure symbolic transformations of the original memory or on the
dreamer’s own subjective evaluation. In the
case of hypnagogic reports of Tetris images, no such subjective interpretations are
needed. Only reports that explicitly described images or thoughts related to Tetris
were counted. Indeed, what was most striking about the data was the strong similarity
in reports from different individuals. In all
cases, reported images included seeing
Tetris pieces, usually falling in front of
one’s eyes and sometimes rotating or fitting
into empty spaces at the bottom of the
screen. On rare occasions, participants also
reported seeing completed lines disappearing. Among the 38 reports of imagery, there
were no reports of seeing the picture surrounding the play window, the scoreboard,
or the keyboard or of typing on the keyboard, and there were only two reports of
seeing the computer itself. In none of these
reports did the imagery appear bizarre.
None appeared in inappropriate settings or
associated with inappropriate thoughts.
In addition to collecting hypnagogic reports at sleep onset, participants were also
instructed to report any thoughts, images, or
feelings about Tetris that occurred at other
times. Seven of 12 novices and 4 of 10
experts reported a total of 44 images of Tetris
during waking. As with hypnagogic images,
the vast majority of daytime images occurred
only after a 24-hour delay, with only four
reports (9%) occurring on the first day of play
(33). Thus, the production of this imagery is
not limited to the sleep state but can occur in
waking as well. Two spontaneous reports of
hypnagogic Tetris imagery were reported by
novices at sleep onsets other than when computer-initiated awakenings were performed.
These included one report of sleep onset imagery from an afternoon nap on the first day
of the protocol and one of sleep onset after a
spontaneous 2:30 a.m. awakening on the

third night. These images, both conceivably
sleep onset REM reports, were more complex
and bizarre than the others in our sample
(34).
The questions of how material is selected
for and then incorporated into dreams and
what function this entire process serves remain largely unresolved. But the data presented here, looking at sleep onset hypnagogic imagery, provide some insight into these
issues.
Out of 27 participants, 17 (63%) reported stereotypical hypnagogic images of Tetris during the first nights of play, imagery
clearly induced by the earlier Tetris play.
Unlike the images of REM sleep dreams,
these images were relatively accurate representations of the actual visual imagery
perceived during play of the game, albeit
abstracted, with removal of nonessential
game elements. This highly consistent imagery across participants and groups suggests that image construction in all groups
extracted and abstracted the most salient
aspects of the experience by a similar process. This, along with the report rate from
amnesic participants, argues strongly
against demand characteristics playing a
major role in the production of reports of
Tetris imagery (35).
The apparent 24-hour delay between the
start of play and the subsequent appearance
of game images in the reports of novices
suggests that the rules for selection of images for incorporation at sleep onset involves a complex algorithm. Similar lags
have also been reported between waking
experiences and their apparent incorporation into REM dreams (36 –38). The time
course of appearance of Tetris images
across the sleep onset period is also striking. The rapid decay in frequency of Tetris
images across the first 2 to 3 min of sleep
occurred in the face of a steady or even
rising rate of report of images in general
over this time interval (9, 10). Thus, the
occurrence of specific Tetris images seems
uniquely linked to sleep onset itself.

Fig. 2. Report frequencies. For each participant group, the cumulative number of reports containing (A) visual images of Tetris or
(B) thoughts of Tetris
without images is given, normalized to the
total number of reports
collected across three
nights. Reports from
novices were collected
on only the first two
nights, and graph
points are normalized for three nights. The upward curvature of the curves in (A) indicates that reported
frequency of images increased across the nights, whereas the downward curvature in (B) indicates that
the frequency of thoughts alone decreased across nights (53).
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Fig. 3. Images and thoughts of
Tetris across the sleep onset period. (A) Percentage of reports
collected before sleep onset
(wake) and after sleep onset
(sleep) that contained either images of Tetris (solid bars) or
thought of Tetris without images
(open bars). Although thoughts
were most common in the
presleep period, images were
most common after sleep onset;
the difference was significant
(chi-square test: 2 ⫽ 4.6, df ⫽
1, P ⫽ 0.033). (B) Percentage of
reports collected after sleep onset that contained either images
of Tetris (solid circles) or
thoughts of Tetris without images (open circles). Although the
frequency of thoughts remained constant over the 3 min of sleep onset (P ⬎ 0.4), the frequency
of images decreased with increasing periods of sleep from 11.3% at 15 s to 5.7% at 2 min (r ⫽ 0.86,
df ⫽ 3, P ⫽ 0.06).

Because reported images originated
from recent experiences, one might assume
that hypnagogic image construction is mediated by the hippocampal declarative
memory system. Our data argue against this
assumption. If image construction simply
reflected reactivation of recent memories,
the images should have been most common
on the first night. Instead, only 10% of the
images reported by novices occurred on
the first night, whereas 90% occurred on
the second night. Two of five experts reported
imagery incorporating abstracted details from
Tetris experiences that took place 1 to 5 years
earlier. These reports underscore the influence
of remote memories (that may be less dependent on hippocampal systems) on image construction. Most telling is the presence of these
same images in the hypnagogic reports from
amnesics. All of the patients were densely amnesic and could not produce declarative memories of recent events. Indeed, none of them
remembered the Tetris game or the experimenter from one session to the next (39). These
participants produced hypnagogic images of recent events even though they did not have
declarative knowledge of them. The idea that
the declarative memory system is not active at
sleep onset is further supported by the results of
Wyatt et al. (40, 41), who demonstrated that
explicit recall of words and word pairs was
impaired when words were presented within 3
min of sleep onset.
The relative preservation of hypnagogic
images in amnesia suggests that they do not
depend on medial temporal structures involved in declarative memory (42). Instead,
it is likely that these perceptual representations are mediated by implicit memory processes, as seen in other studies with amnesic patients (43– 45). It should be noted that
the amnesics were substantially older than
the normal novices and that the contibution
of age remains an alternative explanation
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that will require further investigation.
This lack of hippocampal involvement
in image construction could explain many
of the formal properties of dreams (46 ).
Without the anchor of temporal and spatial
associations found in hippocampal declarative memories, much of the bizarreness of
dreams, including their discontinuities, incongruities, and uncertainties (47 ), would
appear almost inevitable. This would be
especially true during REM sleep, when
there is evidence not only that hippocampal
output is blocked (48), but also that weak
associations in cortical memory systems
are preferentially accessed (49), thus the
hypnagogic report from an afternoon nap of
Tetris pieces falling onto a garden path
(34).
We have very little information concerning the function of these images or of
the physiological processes underlying
them. The probability of having Tetris images for both the novice and expert groups
was inversely related to initial performance, suggesting a relation to the learning
process itself (50). Experts incorporated
related memories from earlier play, memories that were presumably activated by the
recent Tetris play. One possible function
for the activation of these memories would
be to alter their strengths, structures, or
associations in ways that are adaptive for
the organism. With such predictable associations being made and presumably
strengthened at sleep onset, one can only
surmise that during REM sleep more unpredictable, potentially valuable, but frequently useless, associations are tested and,
when appropriate, similarly strengthened.
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