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Summary: Changes in electroencephalographic (EEG) spectral power, coherence and frequency were examined for 
the last minute of wakefulness and the first minute of sleep via topographical mapping. Data were also analyzed 
across sequential I-minute samples of wake, stage I and stage 2 sleep. Not all brain regions exhibited the same 
EEG changes during the transition and not all brain regions were found to change at the same time. Brain sites 
closest to the midline (e.g. F4, C4, P4, 02) showed significant changes in EEG power (increases in theta and decreases 
in alpha power) during the transition to sleep, whereas brain sites most lateral to the midline (e.g. Fp2, F8, T4) 
showed little change. Decreases in alpha coherence were observed from wakefulness to sleep for brain site com
parisons furthest away from each other (e.g. T3 vs. T4, T5 vs. T6, F7 vs. F8, F3 vs. 01, F4 vs. 02). Spectral 
analysis of EEG activity revealed that the time of significant change in EEG power varies among brain regions. 
Decreases in alpha power continued to occur later into the transition period for the posterior regions of the brain 
(02, P4). Key Words: Sleep onset-Brain mapping-EEG-Hemispheric differences-FFT. 

Considerable effort has been directed to identifying 
physiological and behavioral changes that occur during 
the transition from wakefulness to sleep. A better un
derstanding of these changes may lead to new insights 
concerning brain function during wakefulness and sleep. 
The research here focuses on changes in brain activity 
during the transition from wakefulness to sleep using 
quantitative electroencephalographic analyses (QEEG). 

Among the measures used to describe differences 
between wakefulness and sleep, the electroencephalo
graph (EEG) is the most common. Investigators have 
provided descriptions of electro physiological activity 
for wakefulness and sleep based on visual scoring of 
EEG records (1-6). In general, these studies report de
creases in alpha activity and increases in theta activity 
during the transition. 

Others have used computer analysis of the EEG to 
examine changes in brain activity during the transition 
period. Computer-based techniques are more sensitive 
than visual scoring because they allow for the full range 
of EEG activity to be examined. Such studies have 
corroborated visual scoring reports (7-11). However, 
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these studies also report increases in delta and decreas
es in beta activity (10,12). Unfortunately, even with 
computer analysis techniques the aforementioned ex
periments do not agree upon the precise moment of 
change in theta and alpha activity. 

Some studies also report brain site differences in 
EEG activity during the transition period. For exam
ple, increases in theta are observed to be largest in the 
central region of the brain, and decreases in alpha are 
largest at the occipit. In addition, these studies show 
that frontal and central sites show changes earlier than 
occipital brain sites (3,8-10). 

Although the above studies are informative, they are 
limited in that only a small number of brain sites were 
recorded, and typically only one QEEG technique was 
used. The use of a small number of brain sites does 
not allow for the examination of how the brain as a 
whole changes during the transition. In this regard, it 
remains to be determined whether all brain regions 
show similar changes at similar times. In addition, 
whether hemispheric differences exist during the tran
sition needs additional research. 

The present study used topographical mapping (21 
sites) to examine EEG changes during the transition 
from wakefulness to sleep. In addition, multiple QEEG 
techniques were used (i.e. spectral power, coherence, 
frequency). 
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METHODS 

Subjects 

There were 12 healthy female subjects (mean age 21 
years; range 18-28 years old). Two subjects were ex
cluded from analysis because they did not fall asleep. 
Subjects were instructed to refrain from alcohol and 
drugs for 24 hours prior to the experimental session 
and not to drink any caffeine the day of the study. 
Subjects were tested during the follicular phase of their 
menstrual cycle. Only right-handed subjects [mean la
terality score of 8S.0S on the Endinburgh Handedness 
Inventory (13)] were tested. 

Electrode placements 

Electroencephalographic data were acquired over 21 
brain sites using an electrode cap (Electro-Cap Inter
national, Eaton, OH) configured according to the In
ternational 10/20 system. Specific locations were as 
follows: Fp2, Fpl, Fpz, F4, F3, F8, F7, Fz, C4, C3, 
Cz, T4, T3, T6, TS, P4, P3, Pz, 02, 01, Oz. Linked
ear electrodes were used as references for EEG activity. 
Standard mentalis electromyogram (EMG) and elec
trooculogram (EOG) activities were also recorded to 
assist in sleep stage scoring. 

Apparatus and recording procedure 

Recordings were made with a Cadwell Neuroscan 
32 Brain Mapping System, Kennewick, W A. Each EEG 
amplifier was set at a sensitivity of S It V Imm and used 
a frequency bandwidth (filter settings) of 0.S3-3S Hz. 
A 60-Hz notch filter was used to attenuate electrical 
interference noise. A SO-It V sine wave signal was used 
for calibration. Impedances for the EEG electrodes were 
all < 10 kohms. Data were stored and displayed at a 
rate of 200 samples per second per channel with a 12-
bit Data Translations 2821 A-D board. 

Brain maps for the subjects' averaged data (in 
I-minute epochs) were created using "Whole Head 
Graphics" -a 19-channel EEG graphical display pro
gram (average interpolation) developed by The Psy
choneurophysiology Laboratory, Psychology Depart
ment, University of Arizona, (Tucson, AZ). Microvolt 
scales for the brain map displays were chosen by the 
Whole Head Graphics program. 

Experimental routine 

Subjects arrived at the laboratory at either 1000 or 
1300 hours. They were instructed the night before to 
decrease their sleep time by 2 hours to help speed the 

transition to sleep and to minimize fluctuations be
tween wake and sleep. Prior to entering the laboratory, 
a consent form was signed, and background question
naires were completed. The questionnaires related to 
their sleep-wake habits, handedness, and general med
ical health. Subjects reclined in a hospital bed in a 
sound- and light-attenuated room and were instructed 
to simply go to sleep. For present purposes sleep was 
defined as the first minute of stage 2 sleep. The ex
perimenter awakened subjects I minute after the first 
K-complex or sleep spindle. If a subject did not fall 
asleep within 20 minutes after lights out, the nap was 
ended and after S minutes a second nap attempt was 
permitted. If subjects did not fall asleep within 20 min
utes a second time, the session was concluded, elec
trodes were removed and subjects were free to leave. 
Data from only one successful nap attempt per subject 
were analyzed. 

Scoring 

Data were assessed for changes in amplitude, phase 
and frequency by submitting the digitized EEG data 
to a Fast Fourier Transform (FFT) in manually selected 
2.S-second epochs. The EEG data were then accu
mulated in power, coherence and frequency units, over 
a frequency bandwidth of 2.S-2S Hz, in 2.S-second 
bins. EEG activity was then averaged across six 2.S
second bins, providing IS-second epochs to be ex
amined. Artifacts were removed from data prior to 
analysis. Spectra of epochs with EEG artifacts (e.g. 
muscle artifact, amplifier blocking) were eliminated on 
the basis of visual inspection. If fewer than three ar
tifact-free 2.S-second epochs were available, the IS
second epochs of wake and the first four IS-second 
epochs of sleep, data were averaged into I-minute ep
ochs for statistical analysis. The final data for each 
brain site were computed for theta (3.S-7.S Hz), alpha 
(7.S-l2.S Hz) and beta (12.S-25 Hz) in I-minute ep
ochs (the last minute of wakefulness and the first min
ute of sleep-all eyes closed). Data were also analyzed 
across sequential I-minute samples of wake, stage I 
and stage 2 sleep (eyes closed). Sleep scoring (except 
for stage 2) was based on Rechtschaffen and Kales (S) 
criteria and were scored from the C3 lead. The delta 
band (0.7S-2.S Hz) was not examined due to concern 
over eye movement artifacts. Coburn and Moreno (14) 
reported that eye movement artifacts can be easily 
overlooked by both artifact rejection programs and 
visual examination of the EEG record. Power spectral 
analysis (absolute power), EEG coherence [both inter
hemispheric and intrahemispheric (IS)] and EEG fre
quency analysis (mean, median and peak frequency 
between 3 and 2S Hz) were computed. 
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FIG. 1. Topographical patterning of theta, alpha and beta during the last minute of wakefulness and first minute of stage 1 sleep (n = 10). 

FIG. 2. Topographical patterning of single Hz activity (from 3 to 11 Hz) during the last minute of wakefulness and first minute of stage I sleep (n = 10). 
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WAKE-SLEEP TRANSITION 883 

To compensate for possible violations of repeated 
measure assumptions (e.g. sphericity, homoscedastic
ity) and to decrease type I error rate, Huynh Feldt 
Correction Factors were used in all analyses where 
appropriate. For interhemispheric power and frequen
cy analyses, Bonferoni Correction Factors were used 
to correct for multiple comparisons. For all other anal
yses the standard significance level of p < 0.05 was 
used. Tukey LSD Post-Hoc tests were used to deter
mine significant comparisons. 

RESULTS 

Topographical differences 

Power analysis 

The question of hemispheric differences in EEG 
power was examined for 8 homologous brain site com
parisons (Fp2 vs. Fp 1, F4 vs. F3, F8 vs. F7, C4 vs. 
C3, P4 vs. P3, T4 vs. T3, T6 vs. T5, 02 vs. 01). For 
each EEG bandwidth and brain site comparison, a two
way analysis of variance (ANOYA; homologous brain 
site and wake-sleep state) was computed, totaling 24 
comparisons (eight brain site comparisons for three 
EEG bandwidths). A Bonferoni Correction Factor re
quired a level of p < 0.0063 to be significant (16). 

Figure 1 displays absolute EEG power in the theta, 
alpha and beta bands during the last minute of wake
fulness and the first minute of stage 1 sleep. As shown, 
symmetry in EEG power for the theta, alpha and beta 
bands is observed between the hemispheres during the 
last minute of wakefulness and first minute of stage 1 
sleep. In general, decreases in alpha and beta power 
and increases in theta power from wakefulness to sleep 
occurred. In addition to the broad band data, data for 
single Hz EEG activity from 3 to 11 Hz are presented 
in Fig. 2. As can be seen, the largest increases in EEG 
power are observed at 3 and 4 Hz (predominantly at 
the vertex) and the largest decreases at 9 and 10Hz 
(predominantly at the occiput). 

The interaction between brain sites and wake-sleep 
state was examined to determine whether differences 
in the magnitude of change in power existed when 
comparing homologous brain sites (e.g. did C3 show 
more, less or about the same change in EEG power 
compared to brain site C4 during the transition to 
sleep). ANOYA results yielded no significant interac
tion between homologous brain sites and wake-sleep 
state for the theta, alpha, or beta bands. Because no 
interhemispheric differences in EEG power were found 
during the transition to sleep, the right hemisphere was 
selected to examine intrahemispheric differences. The 
right hemisphere (arbitrarily chosen over the left) was 
selected instead of the midline so temporal brain sites 

TABLE 1. Summary of effects during the last minute of 
wakefulness and first minute of stage 1 sleep for intrahemi
spheric EEG power, interhemispheric EEG coherence and 

intrahemispheric EEG coherence 

Intra-
hemi- Interhemi- Intrahemi-

spheric spheric EEG spheric EEG 
EEG power coherence coherence 

Effect df (F) (F) (F) 

Site 
Theta 7,63 12.04 91.56 200.99 
Alpha 7,63 29.96 77.83 105.13 
Beta 7,63 17.89 117.95 266.58 

State 
Theta 1,9 15.24 1.67 2.55 
Alpha 1,9 7.77 28.72 4.49 
Beta 1,9 7.84 5.25 0.68 

Site x state 
Theta 7,63 6.93 0.46 4.08 
Alpha 7,63 6.31 5.63 11.52 
Beta 7,63 2.85 2.32 13.41 

Underline denotes significance at p < 0.05. 

(e.g. T4, T6) could be included in the analysis. Thus, 
eight brain sites on the right hemisphere (Fp2, F4, F8, 
C4, P4, T4, T6, 02) were examined. 

Figure 1 shows intrahemispheric differences for 
magnitude of increase in theta and magnitude of de
crease in alpha and beta power during the transition 
to sleep. In general, brain regions closest to the midline 
(e.g. F4, C4, P4, 02) exhibited marked changes in brain 
activity, whereas brain sites more lateral (e.g. Fpl, F8, 
T4) showed little change. The interaction between brain 
sites and wake-sleep state was examined to test for 
brain site differences across wake-sleep state. ANOY A 
results (Table 1) revealed a significant interaction be
tween brain sites and wake-sleep state for the theta 
and alpha bands and a marginal interaction for the 
beta band (p = 0.085). Tukey LSD post-hoc tests re
vealed significantly more theta power during sleep 
compared to wakefulness for brain sites F4, C4, P4 
and 02 (all p < 0.01); significantly lower alpha power 
during sleep compared to wakefulness for brain sites 
F4, P4, 02 and T6 (all p < 0.05) and significantly less 
beta power during sleep compared to wakefulness for 
brain sites P4 and 02 (both p < 0.05). Brain regions 
most lateral on the right hemisphere (e.g. Fp2, F8, T4) 
exhibited nonsignificant changes in EEG power. 

Brain site differences in EEG power at sleep onset 

The main effect for site in the intrahemispheric anal
ysis was examined to determine whether topographical 
differences in EEG power during wakefulness and dur
ing sleep were evident. The number of differences in 
power for theta and beta remained relatively stable 
across state [i.e. during the last minute of wakefulness 
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FIG. 3. Interhemispheric coherence data during the last minute of 
wakefulness and the first minute of stage I sleep (n = 10). Asterisks 
(*) above bars denote a significant change in coherence from wake
fulness to sleep (p < 0.05). Error bars denote standard error of the 
mean (SEM). 

18 of 28 brain site comparisons (each brain site on the 
right hemisphere compared to the other) for theta and 
18 of 28 comparisons for beta showed differences in 
EEG power; similarly, during the first minute of stage 
1 sleep, 21 of 28 comparisons for theta and 15 of 28 
for beta exhibited differences in power]. The number 
of brain site differences for alpha power changed during 
the transition (i.e. intrahemispheric differences in al
pha power practically disappear with the onset of stage 
1 sleep-12 of28 during wake and I of28 during sleep). 

Coherence analysis 

To investigate further the question of topographical 
differences in EEG activity during the transition, in
terhemispheric and intrahemispheric patterning ofEEG 
coherence was examined. Coherence measures of the 
EEG are used to compare brain activity at two or more 
brain sites and reflect the manner in which the two 
signals covary at a particular frequency or frequency 
range. Coherence is thought to be a measure of the 
functional and structural connectivity between two 
brain sites (17). To examine interhemispheric coher
ence patterning during the transition, two-way ANO-
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VAs (brain sites by wake-sleep state) were computed 
for each EEG bandwidth for brain site comparisons 
Fpl vs. Fp2, F3 vs. F4, F7 vs. F8, C3 vs. C4, T3 vs. 
T4, T5 vs.T6, P3 vs. P4, 01 vs. 02. 

Figure 3 displays interhemispheric coherence data 
for the theta, alpha and beta ranges during the last 
minute of wakefulness and the first minute of stage 1 
sleep. As seen, the largest decreases in alpha and beta 
coherence during the transition occur between brain 
sites furthest away from each other (e.g. T4 and T3, 
T6 and T5, F7 and F8). To determine whether topo
graphical differences in interhemispheric coherence oc
curred during the transition, the interaction between 
brain sites and wake-sleep state was examined. 

Table 1 shows a significant interaction between ho
mologous brain sites and wake-sleep state for the alpha 
band and a marginal interaction for the beta band (p 
= 0.095). Post-hoc tests revealed significantly lower 
alpha coherence during sleep compared to wakefulness 
between brain sites T3 and T4 and between T5 and 
T6 and significantly less alpha and beta coherence dur
ing sleep between brain sites F7 and F8. For most other 
homologous brain sites, decreases in alpha and beta 
coherence were not significant. No significant inter
action for theta coherence was observed. 

Intrahemispheric brain activity was examined next 
to determine if the topographical patterning of EEG 
coherence changed with a change in wake-sleep state. 

To examine intrahemispheric coherence patterning 
during the transition, a two-way ANOVA (eight brain 
sites by wake-sleep state) was computed for each EEG 
bandwidth (brain site comparisons-Fpl vs. F3, Fp2 
vs. F4, C3 vs. P3, C4 vs. P4, F3 vs. 01, F4 vs. 02, 
T3 vs. T5, T4 vs. T6). 

Figure 4 displays these data during the last minute 
of wakefulness and the first minute of stage 1 sleep. 
Similar to the interhemispheric coherence analysis, 
brain sites furthest away from each other show the 
largest decreases in coherence (i.e. F3 vs. 01 and F4 
vs. 02). Table 1 shows significant interactions between 
brain sites intrahemispherically and wake-sleep state 
for the theta, alpha and beta bands. Post-hoc tests show 
significantly higher theta coherence occurred during 
sleep compared to wakefulness between brain sites T4 
vs. T6; lower alpha coherence during sleep compared 
to wakefulness was observed for brain site comparisons 
F3 vs. 01 and F4 vs. 02; and beta coherence was lower 
for brain site comparison F4 vs. 02 and higher for 
brain site comparison T4 vs. T6 during sleep compared 
to wakefulness. 

Frequency analysis 

A frequency analysis of the EEG was undertaken to 
examine changes in the periodicity of the wave form 
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FIG. 4. Intrahemispheric coherence data during the last minute of 
wakefulness and the first minute of stage 1 sleep (n = 10). Asterisks 
(*) above bars denote a significant change in coherence from wake
fulness to sleep (p < 0.05). Error bars denote SEM. 

with less emphasis on EEG amplitude. For these anal
yses, the same brain site comparisons used for the 
power analyses were used (see above). A Bonferoni 
Correction Factor was also used to correct for multiple 
comparisons for the interhemispheric analysis. 

Decreases in mean, median and peak frequency oc
curred to a similar degree across the brain (both be
tween and within hemispheres) during the transition 
(data not shown). The average decrease in mean 
frequency was around 0.45 Hz, 0.70 Hz for median 
frequency and 2.0 Hz for peak frequency. Repeated 
measure ANOV As showed no significant interaction 
between brain sites and wake-sleep state for mean, 
median or peak frequencies interhemispherically or 
intrahemispherically. 

Temporal differences 

Figure 5 displays EEG power data for the first minute 
of wakefulness, the last minute of wakefulness, the first 
minute of stage 1 sleep, the last minute of stage 1 sleep, 
and the first minute of stage 2 sleep for eight brain 
sites on the right hemisphere (C4, F4, P4, T4, 02, FP2, 
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FIG. 5. EEG power data for the first minute of wakefulness (F
Min 0), the last minute of wakefulness (L-Min 0), the first minute 
of stage I sleep (F-Min I), the last minute of stage I sleep (L-Min 
I) and the first minute of stage 2 sleep (F-Min 2) for eight brain sites 
on the right hemisphere (n = 8). 

F8, T6). Two subjects were dropped from the analysis 
because they did not have enough of either stage 1 or 
stage 2 sleep. Repeated measure ANOV As were used 
to examine differences in EEG power among brain sites 
across stage samples (Table 2). The interaction between 
brain sites and stage was examined to test for differ
ences in the magnitude of change from one EEG stage 
to another. 

First minute of stage wake compared to the last minute 
of stage wake 

The posterior regions ofthe brain showed the largest 
changes in EEG power from the first minute of wake
fulness to the last minute of wakefulness (Fig. 5). A 
significant interaction between brain sites and EEG 
stage was observed for beta power (Table 2). Post-hoc 
tests revealed significantly lower beta power during the 

Sleep, Vol. 18. No. 10. 1995 

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/18/10/880/2749675 by guest on 20 August 2022



886 K. P. WRIGHT ET AL. 

TABLE 2. Summary of effects (intrahemispheric EEG pow- of stage 1 to the first minute of stage 2 sleep were 
er) of stage sample comparisons during the transition to nonsignificant. 

sleep 

F-Min 0 vs. F-Min I vs. L-Min 1 vs. 
Effect df L-Min 0 L-Min I F-Min 2 

Site 
Theta 7,63 11.26 35.33 63.39 
Alpha 7,63 16.24 13.36 28.01 
Beta 7,63 16.14 13.52 15.83 

State 
Theta 1,7 0.24 9.51 1.86 
Alpha 1,7 8.09 3.69 0.45 
Beta 1,7 0.42 2.30 1.87 

Site x state 
Theta 7,63 1.03 4.16 1.25 
Alpha 7,63 1.64 4.41 2.84 
Beta 7,63 4.87 2.79 2.04 

Underline denotes significance at p < 0.05. 
F-Min 0 = first minute of wakefulness, L-Min 0 = last minute of 

wakefulness, F-Min I = first minute of stage I sleep, L-Min 1 = last 
minute of stage I sleep, F-Min 2 = first minute of stage 2 sleep. 

last minute of stage wake compared to the first minute 
of stage wake for brain site 02 (p < 0.05). 

First minute of stage 1 sleep compared to the last minute 
of stage 1 sleep 

Once again, the posterior regions of the brain showed 
the largest changes in EEG power (Fig. 5). Table 2 
shows a significant interaction between brain sites and 
sleep stage for the theta and alpha bands. Tukey LSD 
post-hoc tests revealed significantly higher theta power 
for brain site 02 (p < 0.001) and marginally higher 
theta power at brain site P4 (p < 0.089) during the last 
minute of stage 1 sleep compared to the first minute 
of stage 1 sleep. Significant decreases in alpha power 
were also found at the same brain sites (P4 vs. 02) 
from the first minute of stage 1 sleep to the last minute 
of stage 1 sleep (both p < 0.001). Nonsignificant in
creases in beta power across the majority of brain sites 
were observed from the first to the last minute of stage 
I sleep. 

Last minute of stage 1 sleep compared to the first minute 
of stage 2 sleep 

As seen in Fig. 5, little difference for the magnitude 
of change in EEG power from the last minute of stage 
1 sleep to the first minute of stage 2 sleep was observed. 
A marginal interaction between brain sites and sleep 
stage was observed for alpha activity (Table 2). Tukey 
LSD post-hoc tests revealed higher alpha power during 
the last minute of stage 1 sleep compared to the first 
minute of stage 2 sleep for brain site F4 (p = 0.057). 
Increases in beta and theta power from the last minute 

Topographical brain site differences in EEG power dur
ing different wake and sleep stages 

Power data for the first minute of wakefulness, the 
last minute of stage 1 sleep and the first minute of stage 
2 sleep were examined. Many site differences in EEG 
power were observed for the different wake-sleep stages. 
The data are summarized as follows: during the first 
minute of wakefulness 18 of28 brain site comparisons 
for theta, 21 of 28 for alpha and 19 of 28 for beta 
showed site differences. During the last minute of stage 
1 sleep 20 of 28 for theta, 2 of 28 for alpha and 18 of 
28 for beta showed differences (the data for the last 
minute of stage 1 sleep are very similar to those re
ported for the first minute of stage 1 sleep in the section 
entitled "Topographical differences"). Finally, during 
the first minute of stage 2 sleep 16 of 28 for theta, 19 
of 28 for alpha and 18 of 28 comparisons for beta 
showed site differences. 

DISCUSSION 

A summary of the major findings follows. The time 
of significant change in EEG power varies among brain 
regions. Decreases in alpha power continue to occur 
later into the transition period for the posterior regions 
of the brain (02 and P4-i.e. the posterior regions of 
the brain "go to sleep last"). Other topographical dif
ferences were also observed during the transition (i.e. 
some brain sites show decreases in alpha and beta pow
er and increases in theta power, and some do not). In 
this regard, brain sites closest to the midline (e.g. F4, 
C4, P4, 02) showed significant changes in EEG power 
during the transition to sleep. However, brain sites 
most lateral to the midline (e.g. Fp2, F8, T4) showed 
little change in EEG power during the transition. In
trahemispheric and interhemispheric differences in 
EEG coherence were also found. Brain sites farthest 
from each other (F3 and 01, F4 and 02, T3 and T4, 
T5 and T6, F7 and F8) showed the largest changes in 
alpha and beta coherence during the transition to stage 
1 sleep. Interhemispheric differences in EEG power 
were not observed. Similar decreases in mean, median 
and peak frequencies were observed for all brain sites 
during the transition. 

Temporal differences 

Differences among brain sites were apparent in both 
the magnitude and timing of significant change in EEG 
power. Specifically, the posterior regions of the brain 
continued to show changes in EEG power further on 
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into the transition period (i.e. increases in theta and 
decreases in alpha power from the first minute of stage 
1 sleep to the last minute of stage 1 sleep). Most brain 
sites showed significant increases in theta and decreases 
in alpha only from the last minute of wakefulness to 
the first minute of stage 1 sleep. Thus, the parietal and 
occipital regions of the brain are still changing ("mak
ing the transition to sleep") when the more anterior 
portions of the brain have already "gone to sleep". 
This finding is consistent with previous evidence show
ing that different brain areas exhibit EEG changes ear
lier than others (3,8-10). A common finding among 
all studies is that the posterior regions of the brain are 
the last to show EEG changes from wake to sleep. 

Topographical differences 

Decreases in alpha and increases in theta activity 
were expected to occur for all brain regions during the 
transition to sleep. However, some brain sites showed 
decreases in alpha and beta power and increases in 
theta power, and some did not. Brain sites closest to 
the midline (e.g. F4, C4, P4, 02) showed significant 
increases in theta and decreases in alpha power during 
the transition, but brain sites most lateral to the mid
line (e.g. Fp2, F8, T4) showed little change in power 
for these EEG bands. Several factors may account for 
these findings: I) variations in skull thickness and re
sistivity (18), 2) choice of reference (e.g. monopolar 
linked mastoid references vs. either a Cz reference or 
other bipolar references) and 3) source-generator of the 
signal (e.g. it is accepted that the source of the alpha 
rhythm resides in the occipital lobe of the brain). 

Although there exist topographical differences for 
increases in theta power during the transition, the focus 
of theta power remained relatively similar during the 
transition to sleep (i.e. high at central brain sites during 
both wakefulness and sleep). In addition, the number 
of brain sites showing magnitude differences in theta 
power changes very little with a change in wake-sleep 
state. 

Alpha power is largest at posterior brain sites during 
both wakefulness and sleep. However, there is a marked 
attenuation of differences in alpha power across the 
brain with the transition to stage 1 sleep. This pat
terning changes once again with the transition to stage 
2 sleep (i.e. the number of brain site comparisons show
ing a difference in alpha power increases with the onset 
of stage 2 sleep). In fact, the number of brain site com
parisons showing a significant difference in alpha for 
the first minute of stage 2 sleep is similar to the number 
of significant comparisons seen during the first minute 
of wakefulness. Examination of the means and stan
dard deviations suggests that this latter finding is most 
likely due to a decrease in the variance between brain 

sites during stage 2 sleep, making a smaller difference 
in power between brain sites significant. Two recent 
studies have also highlighted topographical differences 
in alpha power during the transition to sleep (19,20). 
They describe an anterior slow alpha activity of drows
iness that is "distinctly different from the alpha 
rhythm". The slow alpha activity in the more anterior 
portion of the cortex is thought to reflect a different 
source dipole generator-the thalamus-than the par
eito-occipital alpha rhythm. 

Unlike the theta and alpha bands, beta shows a change 
in the topographical focus of EEG power from wake
fulness to stage 1 sleep [i.e. beta power is high across 
the midline of the brain during wakefulness (F4, C4, 
P4, 02) and high at the vertex (C4) during sleep]. The 
latter finding may, in part, be indicative of thalamo
cortical oscillations that occur during the onset of sleep 
(21). These oscillations are thought to be related to or 
reflect sleep spindle activity. The frequency of sleep 
spindles at the cortex ranges from 12 to 14 Hz. These 
frequencies overlap with the range for beta (12.5-25 
Hz) used in the current study. Spindles are reported to 
occur subcortically (depth electrodes) a few minutes 
prior to being observed on the scalp (22), and the sigma 
band (12-14 Hz) is reported to increase 1.3 minutes 
prior to the onset of manually scored spindles (11). In 
addition, Hasan and Broughton (20) reported the to
pography of sleep spindles ("especially the first ones 
after sleep onset") to be largest at the vertex (i.e. Cz). 
Thus, it is possible that spindles, even though not pres
ent in the visible EEG record, were able to affect the 
EEG power spectrum in the present study, especially 
at the vertex, the focal point of spindle activity. 

Results of the single Hz analysis showed that during 
the transition to sleep, changes in the theta and alpha 
bands are largest at 3 and 4 Hz (largest at the vertex) 
and 9 and 10Hz (largest at the occiput), respectively. 
These results are consistent with previous findings 
(9,23,24) showing that changes in the theta and alpha 
bands during the transition are predominantly due to 
changes at a few select frequencies within the broad 
band range. These frequencies are also reported to best 
track rapid fluctuations between wake and sleep states 
(9,23,24). 

Decreases in alpha and beta coherence between fron
tal and occipital brain sites were also observed during 
the transition to sleep. These results are consistent with 
prior research showing decreases in overall mean co
herence from pre sleep waking to stage 4 sleep (25). The 
decreases in alpha and beta coherence between frontal 
and occipital brain sites may reflect a change in the 
functional connectivity between these brain areas dur
ing the transition to sleep. 

Topographic differences in EEG frequency were not 
observed during the transition. All brain areas showed 
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similar decreases in mean, median and peak frequency. 
The slowing in EEG frequency complements the de
creases in alpha and beta power and is consistent with 
the notion of decreased brain activation during the 
transition to sleep. 

Hemispheric differences 

There is some suggestion from behavioral data that 
hemispheric differences occur during the transition from 
wakefulness to sleep [i.e. a longer sleep onset latency 
for the left hand compared to the right in a finger 
tapping task (26)]. The use of brain mapping in the 
current study allowed for a detailed examination of 
this question. Significant differences between the hemi
spheres in terms of EEG coherence were observed for 
brain regions most lateral to the midline (T3 and T4, 
T5 and T6, F7 and F8). It should be noted that the 
decreases observed in alpha and beta interhemispheric 
coherence occur in the absence of interhemispheric 
differences in spectral power for the alpha and beta 
bands. Others have reported that changes in EEG co
herence occur in the absence of changes in EEG power 
during waking (27). 

What do these changes mean? 

One researcher has suggested that the transition from 
wakefulness to sleep be thought of as a "sleep onset 
period" (28) and that the examination of changes in 
many measures (e.g. EEG, EOG, respiratory, behav
ioral responsivity, memory) will lead to a better un
derstanding of the sequences and events occurring dur
ing the onset of sleep. The present results suggest that 
the examination of multiple brain regions is also im
portant. 

Recently, Ogilvie et al. suggested that the electrical 
activity of the brain rapidly synchronizes as sleep be
gins (29). The decrease in topographical differences for 
alpha power during the transition provides further sup
port for this idea. However, other observations ques
tion the notion of "mass synchronization" across the 
brain. Specifically, 1) the number of topographical dif
ferences for theta does not change substantially from 
wakefulness to sleep, and 2) theta coherence within 
and between hemispheres does not significantly in
crease during the transition. If the brain were becoming 
more synchronized, one would expect to see a global 
decrease in the number of topographical differences for 
theta power and an increase in inter- and intrahemi
spheric coherence. It should be noted that the data 
showing synchronization across EEG frequencies come 
from a behavioral criterion of sleep (failure to respond) 
and not EEG criteria exclusively. 

Sleep. Vol. 18. No. 10. 1995 

Limitations of the current study 

It should be noted that we did not examine EEG 
frequencies ::;2 Hz due to concern of artifact from slow 
eye movements (15). Hasan and Broughton (20) de
scribed the presence of high-amplitude, mainly nega
tive waves occurring in isolation with a frontopolar
frontal maximum during stage 1 B sleep. Increases in 
slow oscillations « 1 Hz) have also been reported to 
occur intermittently during delta sleep and sometimes 
with the occurrence of spindle activity (30). Results 
from these studies suggest that examination of fre
quencies <2 Hz may prove helpful in describing 
changes during the transition to sleep. 

As noted, our beta band (12.5-35 Hz) overlaps with 
the frequency of sleep spindles (12-14 Hz). Future 
studies should avoid this overlap and examine spindle 
and beta frequencies separately. Another and possibly 
more fruitful alternative is to examine changes at in
dividual EEG frequencies (9,23,24) and determine the 
frequency components responsible for changes ob
served in the broad EEG bands during the transition 
to sleep, as well as to, from and during different sleep 
states and during the transition from sleep to wake
fulness. 

Pinpointing sleep onset 

The present results suggest that the disparity in pin
pointing a precise moment of sleep onset in previous 
EEG studies is primarily due to 1) topographical and 
temporal differences among brain sites during the tran
sition from wakefulness to sleep and 2) different find
ings depending upon the QEEG analysis used. Thus, 
depending upon the specific brain site examined, the 
moment of sleep onset may vary. In addition, the type 
of QEEG analysis used (e.g. spectral power or coher
ence) may determine whether the activity of a partic
ular brain region changes from wakefulness to sleep. 

Further research is needed to examine the relation
ship between topographical and temporal differences 
in the brain during the transition and during sleep with 
behavioral measures of sleep. Examination of these 
relationships will further our knowledge of brain func
tioning during waking and sleep states; such research 
will allow a better understanding of the links between 
brain and behavior. 
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