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INTRODUCTION
The role of light as a primary synchronizer of the circadian 

timing system has been demonstrated in numerous animal and 
human studies. Much is known about the effects of timing,1-3 
duration,4,5 intensity,6,7 and wavelength8,9 of light stimuli on 
the human circadian system as measured by a variety of out-
put measures, such as phase resetting and suppression of the 
melatonin rhythm; results of these investigations have informed 
light treatment protocols and strategies in clinical and labora-
tory settings (for review see Gooley10).

In addition to the aforementioned circadian effects of phase-
shifting and suppression of melatonin, light also has acute alerting 
effects. Light exposure reduces subjective sleepiness, improves 
neurobehavioral performance, reduces attentional lapses, and 
activates the waking electroencephalogram (EEG).6,11-16 Light-
induced activation of the waking EEG is typically characterized 
by a decrease of power density in the delta and theta frequencies. 
Moreover, the alerting effects appear to be dose dependent, such 
that higher illuminances have greater effects.14

The neurophysiology underlying the alerting effect of light is 
not fully understood. It is known that intrinsically photosensi-
tive retinal ganglion cells (ipRGCs) containing melanopsin proj-
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ect to a range of targets, including the suprachiasmatic nucleus 
(SCN) of the hypothalamus,17 and other regions of the brain 
that are involved in non-image-forming responses to light. The 
pathway by which light activates the ascending arousal system 
has not been elucidated, but may be mediated by the SCN.18-20

Importantly, it is unknown whether the acute alerting effect 
of light is simply a function of the absolute illuminance of the 
light stimulus itself, or whether it also depends on the level of 
illuminance to which an individual was exposed prior to that 
stimulus. In the latter case, the extent of the alerting response is 
a function of a relative rather than an absolute measure of the 
light stimulus. Previous studies in animals21,22 and humans23-26 
have reported the effects of prior light history on melatonin lev-
els, and recently we have shown that phase shifting, in addition 
to melatonin suppression, also depends on the illuminance his-
tory.27 Understanding whether a similar relationship exists for 
light-induced alerting would be important both from a mecha-
nistic and practical point of view, since this could have implica-
tions for the use of light as a countermeasure in situations of 
impaired alertness and performance. Therefore, we tested the 
hypothesis that prior exposure to very dim light compared to 
typical indoor light magnifies the alerting effect of a light stim-
ulus during the biological night, as assessed by (a) subjective 
alertness, (b) neurobehavioral performance, and (c) spectral 
composition of the waking EEG.

METHODS

Study Participants and Screening Procedures
Healthy adults (N = 14; 6 females, 8 males) free from medi-

cal or psychological conditions or disorders, between the ages 
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of 18 and 30 years (mean ± SD: 23.5 ± 2.9 years) contributed to 
the data presented here. Informed written consent was obtained 
from all study participants prior to enrolment and they received 
payment for their participation. The Partners Human Research 
Committee of the Brigham and Women’s Hospital approved the 
protocol, and all study procedures conformed to the Declaration 
of Helsinki. Potential participants were thoroughly screened us-
ing questionnaires, blood and urine tests, physical examination, 
and a psychological interview to determine suitability for study 
participation. Any reported night work or shift work in the prior 
3 years and time zone travel of > 1 time zone in the previous 
3 months were exclusionary. Study participants were required 
to maintain a stable sleep schedule (time in bed: 8 h, bedtime 
and wake time fixed to each individual’s habitual schedule), to 
complete a daily sleep/wake log, and to call-in their bedtimes 
and rising times every day for 3 weeks before admission to the 
laboratory. This sleep schedule was verified by wrist actigraphy 
(Actiwatch-L; Mini Mitter, Bend, OR, USA) during the week 

prior to admission. Participants were also instructed to refrain 
from any medications, drugs, alcohol, nicotine products, and 
caffeinated products during this 3-week period. Compliance 
was checked with blood and urine toxicology during the screen-
ing process and upon admission to the laboratory.

Protocol and Light Exposure Procedures
The data were collected as part of a 32-day inpatient protocol 

in which participants were exposed to 4 light exposures (LE) 
during the biological night (see Chang et al.27 for details). The 
randomized crossover design allowed for within-participant 
comparison of the effect of prior illuminance history on alert-
ness and performance in response to the LE. The LE was tar-
geted to occur at a time that would induce a maximal response 
in phase shifting and suppression of the melatonin rhythm, and 
to show maximal alerting effects of light. Three additional par-
ticipants completed the 32-day protocol but were not included 
in this analysis because the midpoint of the experimental LE 
following the very dim light condition occurred outside the tar-
geted interval beginning 18 h after the calculated midpoint of 
the plasma melatonin profile on the night before the LE and 
ending 24.5 h after that time. In all 3 cases, the LE occurred 
too early relative to the endogenous circadian cycle, likely due 
to drift of circadian phase in the very dim light conditions over 
numerous days.

Lighting conditions during the study used 4100K fluorescent 
lamps (Philips Lighting, The Netherlands) with digital ballasts 
(Lutron Electronics Co., PA, USA) mounted on the ceiling. 
Here we show data from the two 6.5-h experimental LE of typi-
cal indoor illuminance (approximately 90 lux; ~0.23 W/m2 at 
the cornea, and 137 cm from the floor in the vertical plane and a 
maximum of ~150 lux at 187 cm from the floor in the horizontal 
plane anywhere in the room) shown in Figure 1A. Each LE was 
preceded by 3 days of either very dim light (1 lux; ~0.001 W/m2 
at 137 cm from the floor in the vertical plane with a maximum 
of < 3 lux at 187 cm from the floor in the horizontal plane) or 
typical indoor room light (90 lux, see above) throughout the 
scheduled waking episodes, in counterbalanced order. All sleep 
episodes were in darkness (< 0.02 lux). The two experimen-
tal LE were separated by 15 days and participants completed a 
constant posture/constant routine procedure the day before and 
the day following each LE for circadian phase estimation of 
the plasma melatonin rhythm. Each 6.5-h LE was scheduled to 
begin during the biological night, i.e., 1 h prior to habitual bed-
time. Participants were required to remain awake for 15 h prior 
to the LE, for the duration of the LE, and for 4.5 h following the 
end of the LE for a total of 26 h. Participants remained in bed in 
a semi-recumbent position with minimal activity beginning 3 h 
before the LE, throughout the 6.5-h LE, and for 4.5 h after the 
LE for a total of 14 h. To ensure wakefulness and adherence to 
the protocol, participants were continuously accompanied by a 
staff member during the constant posture. During the 6.5-h LE, 
participants were asked to maintain their gaze on a fixed target 
on the wall in front of them (fixed gaze) for 5 min, or 10 min 
during specific 10-min neurobehavioral tests, and then allowed 
to look elsewhere (free gaze) for 5 or 10 minutes. Fixed and free 
gazes were alternated throughout the 6.5-h session and a techni-
cian measured the light level at the eye in the angle of gaze at 
every gaze transition.

Figure 1—Partial raster and schema of study procedures on light 
exposure (LE) days. (A) The 32-day inpatient protocol included 2 
experimental LE of 90 lux illuminance and 6.5 h in duration. Each LE was 
preceded by 3 days of either 1 lux (gray) or 90 lux (white) ambient light 
during the 16-h wake episodes. On LE days the wake episode lasted 26 
h and included a 14-h constant posture (CP). All sleep episodes were in 
complete darkness (black). (B) Collection of measures during the LE day 
included melatonin sampling (30-60 min), waking EEG recording, and 
neurobehavioral performance testing (30-60 min; dashed line).
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Subjective and Objective Alertness Measures
Computerized neurobehavioral test batteries were adminis-

tered every 30-60 min throughout the constant posture conditions 
(see Figure 1B). They included: a visual analog scale (VAS) in 
which participants reported sleepiness by marking on a 100-mm 
line between “alert” and “sleepy,” a 10-min auditory psychomo-
tor vigilance task (PVT), a reaction-time test16 in which partici-
pants were instructed to press a button using their dominant hand 
as soon as they heard a tone that was presented at random in-
tervals (ranging from 1-9 sec); and the Karolinska Drowsiness 
Test (KDT; 3 min eyes open) in which participants were asked 
to maintain a fixed gaze on a black dot in front of them while 
avoiding movements and frequent eye blinks.28 The purpose of 
the KDT was to allow for a waking EEG recording under condi-
tions in which artifacts from movement were minimized.

Neurobehavioral data were edited to exclude invalid trials. 
For example, PVT trials in which button presses using the non-
dominant hand occurred were excluded from analysis. More-
over, errors of commission (anticipation errors), defined as 
button presses when no stimulus was presented, were excluded 
from analysis. Any trials which were interrupted or not com-
pleted (e.g., due to computer malfunction) were also excluded 
from analysis. Mean and median reaction time (RT) and the 
number of lapses (RT > 500 msec) on the auditory PVT were 
used to assess sustained attention.

Waking EEG
The EEG and electrooculogram (EOG) were recorded 

throughout the constant posture (Figure 1B) with the Vitaport-3 
system (TEMEC Instruments B.V., Kerkrade, The Nether-
lands). The EEG included recordings from Fz, Cz, Pz, and Oz, 
referenced each to linked mastoids (Ax). EEG signals were both 
high-pass filtered (time constant: 0.33 sec) and low-pass filtered 
(Bessel: -6 dB at 70 Hz, 24 dB/octave), digitized (resolution: 
12-bit; sampling rate 256 Hz), and stored to computer disk. 
Electrode impedances were checked using a GRASS F-EZM4 
meter (Grass-Telefactor, Astro-Med, Inc., West Warwick, RI) to 
ensure that all impedances were < 10 kΩ before the start of each 
recording, which preceded the LE by several hours.

EEG recordings derived from Cz/Ax during the KDT were 
subjected to spectral analysis. To this end, signals were first 
visually inspected, and 2-sec epochs containing artifacts aris-
ing from body movements, eye blinks, or eye movements were 
removed. The remaining 2-sec epochs were subjected to fast-
Fourier transformation, using a rectangular window (Vitagraph, 
TEMEC). EEG spectra > 20 Hz were discarded from further 
analysis. For 2 participants, incorrect recording montages were 
used during at least 1 of the 2 LE recordings and therefore were 
not included in the analysis.

Plasma Melatonin
Blood samples were collected via an indwelling intravenous 

forearm catheter at 30- to 60-min intervals throughout much of 
the protocol, including the day before, the day of, and the day 
following each LE (Figure 1B). Samples were collected into 
tubes containing ethylenediaminetetraacetic acid and kept on ice 
for < 1 h before being centrifuged (2200-2800 rpm, 2°C). Plas-
ma melatonin samples were assayed using radioimmunoassay 
(Pharmasan Labs Inc., Osceola, WI) at an assay sensitivity of 

0.7 pg/mL, intra-assay coefficient of variation of 5.7% to 12.1%, 
and inter-assay coefficient of variation of 8.4% to 13.2%.

For some analyses circadian phase angle was determined. 
Circadian phase angle was calculated as the difference between 
the time of the midpoint of the melatonin rhythm (midpoint be-
tween melatonin onset and offset) on the day following the LE 
and the time of the midpoint of the 6.5 h LE.

Statistical Analysis
All statistical tests were done using SAS 9.1 (SAS Institute, 

Cary, NC). Data collected during the 6.5-h LE and the 3-h post-
LE interval were used to determine the influence of the pre-
ceding light history on subjective alertness, sustained attention, 
reaction time, EEG power density, and plasma melatonin con-
centration. Data were subjected to 2-way mixed model analysis 
of variance (ANOVA) and analysis of covariance (ANCOVA), 
with light history Condition (1 vs. 90 lux) and Time as fixed 
factors, Circadian Phase Angle as a covariate, and Study Par-
ticipant as a random factor. In order to approximate normal 
distributions, some data were transformed prior to analysis, in-
cluding RT (log-transform), lapses of attention [transformed us-
ing square root (lapses) + square root (1 + lapses)29], and EEG 
power density (log-transform). Post hoc paired Student t-tests 
were used for planned comparisons between conditions during 
and after the LE. A possible relationship between plasma mela-
tonin levels and neurobehavioral parameters was investigated 
with Pearson correlations. P values less than 0.05 were consid-
ered significant for all the presented analyses.

RESULTS

Self-Reported Sleepiness
Sleepiness ratings on the VAS are shown in Figure 2A. This 

panel shows the time course before, during, and after the LE for 
the two light-history conditions. Subjective sleepiness gradually 
increased with longer time awake (18-26 h). A 2-way ANOVA 
showed significant effects for Condition (P < 0.0001) and Time 
(P < 0.0001) but not for Condition × Time (P = 0.81). The main 
effect of Condition, however, was no longer significant once 
Circadian Phase Angle was added to the model as a covariate, 
suggesting that phase contributed to this difference. The effect 
of Condition arose mainly from lower sleepiness ratings in the 
latter part of the LE as well as during the post-LE interval in 
the 1-lux history condition as compared to the 90-lux condition.

Neurobehavioral Performance
PVT lapses data are shown in Figure 2B. The time course 

of this performance measure showed impairment with increas-
ing time awake in both light conditions. There were fewer PVT 
lapses (Figure 2B; Condition: P = 0.039; Time: P < 0.0001; 
Condition × Time: P = 0.053), and faster mean RTs (not shown; 
Condition: P = 0.043; Time: P < 0.0001; Condition × Time: 
P = 0.864) and median RTs (not shown; Condition: P = 0.001; 
Time: P < 0.0001; Condition × Time: P = 0.698) when the LE 
followed 1 lux compared to 90 lux. These effects mainly re-
flected worse performance in the post-LE interval in the 90-lux 
history condition. PVT data presented in Figure 2B were also 
subjected to a 2-way ANCOVA with Circadian Phase Angle as a 
covariate. The presence of a significant interaction of Condition 
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and Time (P = 0.038) indicated that the results cannot be ex-
plained by a phase angle difference between conditions alone.

Waking EEG Activity
The time course of EEG delta/theta activity (log-transformed 

absolute power density in the 2.0-5.5 Hz range) is shown in 
Figure 2C. Delta/theta activity was lower when the LE followed 
1 lux compared to 90 lux (ANOVA: Condition: P < 0.0001; 
Time: P < 0.0001; Condition × Time: P = 0.033). The inter-
action term remained significant in the 2-way ANCOVA with 
Circadian Phase Angle as a covariate (Figure 2C). The differ-
ence arose mainly in the post-LE interval when delta/theta ac-
tivity remained relatively low in the 1-lux history condition but 
increased in the 90-lux history condition.

Figure 3 shows the effects of illuminance history on the en-
tire EEG spectrum. Whereas there were no significant effects 
of light history on the EEG power spectrum during the LE, fre-

Figure 3—Effect of illuminance history on waking EEG response to a 
90-lux light exposure (LE). Analysis of data during the 6.5-h LE is shown 
in the top panel; results from the 4.5 h following the LE are shown in the 
bottom panel. Note that participants were exposed to very dim light (1-lux 
history) or typical indoor light (90-lux history) prior to the LE. Filled circles 
represent power density in the waking EEG in the 1-lux history condition, 
expressed as a percentage of the 90-lux history condition (100%). The 
filled triangles at the bottom show EEG frequency bins for which the 
difference between conditions is significant (P < 0.05, paired t-tests). 
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Figure 2—Effects of different illuminance histories on the alerting 
response to a 90-lux light exposure. Subjective sleepiness (derived from 
visual analog scale), attentional lapses (derived from the psychomotor 
vigilance task, PVT), EEG delta/theta activity (power density in the 2.0-
5.5 Hz range), and plasma melatonin levels are shown before, during, 
and after a 90-lux light exposure (LE). The LE started 1 h before habitual 
bedtime. The open and filled symbols/bars denote 90-lux history and 1-lux 
history conditions, respectively. Significant differences of the interaction 
Condition × Time are shown in panels B, C, and D (2-way ANCOVA with 
Circadian Phase Angle as a covariate). Asterisks denote significant results 
for planned comparisons between conditions (P < 0.05, paired t-tests).
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quency-specific effects emerged in the post-LE interval: power 
density within the delta and theta frequency ranges (2.0-5.5 and 
7.5 Hz) were lower following the 1-lux history than following 
the 90-lux history.

Melatonin
Plasma melatonin profiles are shown in Figure 2D. Lev-

els of plasma melatonin began increasing in the 1-lux history 
condition before the LE (hours 12-15) but were lower during 
and just after the LE compared to the 90-lux history condition 
(Figure 2D; Condition: P < 0.0001; Time: P < 0.0001; Condi-
tion × Time: P < 0.0001). These results remained significantly 
different by 2-way ANCOVA with Circadian Phase Angle as a 
covariate (Figure 2D).

When comparing the differences in melatonin levels between 
light history conditions with the differences in performance, we 
found no correlation for PVT lapses during the LE (r2 = 0.08, 
P = 0.340) or post-LE (r2 = 0.01, P = 0.788). Furthermore, there 
was no correlation between the differences in melatonin and 
median RT during and following the LE (r2 = 0.10 P = 0.305, 
and r2 = 0.03 P = 0.592, respectively). Although there was no 
correlation between differences in melatonin levels and self-
reported sleepiness during the LE (r2 = 0.01, P = 0.794), there 
was an inverse relationship following the LE, i.e., the smaller 
the difference in melatonin levels, the greater the difference in 
sleepiness (r2 = 0.41, P = 0.018).

DISCUSSION
We have shown that the magnitude of the direct alerting re-

sponse to a light stimulus depends on the illuminance to which an 
individual was previously exposed. Previous studies have indicat-
ed that the alerting response depends in a dose-related manner on 
the illuminance of the light stimulus itself.14 The current investi-
gation now clarifies that it is not simply the absolute illuminance 
that is relevant for light-induced stimulation, but is modulated as 
a function of the immediate light history to which an individual 
has been exposed. In particular, the alerting response to light lasts 
longer if the light stimulus is preceded by very dim light. These 
results imply processes of sensitization and/or adaptation to light. 
While such processes are known to operate in the visual system 
and the circadian system,27 we provide evidence that they play a 
role in the alerting response to light.

Before we conclude, however, that processes of sensitization 
provide the best explanation for the present findings, we need to 
consider other possible explanations. For instance, a difference 
in alertness between the two light history conditions could be 
the result of a difference in circadian phase at the time of the 
LE. Circadian phase is known to affect alertness, neurobehav-
ioral performance and the spectral composition of the waking 
EEG.30-34 Due to the acute sensitivity of melatonin secretion to 
light, it was not possible to use the onset of melatonin secre-
tion during the LE as an estimate of circadian phase. Plasma 
melatonin samples collected in dim light 24 hours prior to, and 
24 hours after the LE allowed us to compare circadian phase 
position between the two conditions, however. This compari-
son revealed that the melatonin midpoint on the day prior to 
the LE occurred later (P = 0.03, t-test) by (mean ± SEM) 39 ± 
23 min in the 1-lux compared to the 90-lux history condition. 
Furthermore, the difference in phase position on the day after 

the LE was even greater, with the melatonin midpoint in the 
1-lux condition occurring 59 ± 14 min later than in the 90-lux 
condition (P = 0.03, t-test). Most importantly, however, when 
we corrected for individual phase differences by means of an 
ANCOVA by using the phase position after the LE as a covari-
ate, we found that the differences between conditions in PVT 
lapses, and EEG delta/theta activity remained significant, in-
dicating that they were not simply a consequence of circadian 
phase disparities.

The present data show that the light history affected the se-
cretion of melatonin during the LE, with pre-exposure to very 
dim light resulting in greater suppression of melatonin, as we 
reported before.27 We therefore tested whether the effects of 
illuminance history on light-induced changes in alertness are 
secondary to and possibly mediated by the levels of melatonin. 
This hypothesis derives from observations of a close tempo-
ral relationship between the circadian rhythms in circulating 
melatonin levels, and alertness, neurobehavioral performance, 
and spectral composition of the waking EEG,16,31,33-35 as well 
as from observations of the acute effects of melatonin admin-
istration on alertness and performance.36,37 The time course of 
subjective sleepiness and plasma melatonin during the LE did 
indeed show some similarities, which is not surprising since 
both pineal secretion of melatonin and the endogenous rhythm 
of sleep propensity are regulated by the circadian clock. On the 
other hand, there was no significant correlation between the dif-
ference in melatonin concentration and the difference in PVT 
performance between the two light-history conditions. These 
results are reminiscent of those previously reported showing 
that light can exert an alerting response during the day, in the 
absence of circulating melatonin levels.38-40

Photic adaptation of the human circadian timing system, 
measured by melatonin suppression23-25,27 and phase shifting27 
is consistent with proposed models for human circadian photo-
transduction,41,42 which incorporate the classic photoreceptors 
and the ipRGCs and accounts for the effects of light on noc-
turnal melatonin suppression. Animal studies have shown clear 
evidence for the essential role of ipRCGs in entrainment of the 
circadian clock and regulation of non-image-forming responses 
to light.43,44 The intrinsic melanopsin-mediated electrophysi-
ological activity of ipRCGs is slow to turn on and slow to turn 
off in response to a light stimulus.45 In our study, the effects of 
illuminance history on the alerting response to light only started 
to emerge in the latter part of the LE, and were greatest after the 
LE ended. This time course may reflect the time course of the 
photoreceptors mediating these responses.

A limitation of the current study is the relatively small sample 
size (n = 14 for subjective alertness, performance, and melato-
nin measures; n = 12 for objective alertness measures). We may 
have been underpowered to detect small differences in certain 
measures (e.g., subjective sleepiness). Another limitation is the 
use of low light intensities (< 1 lux and 90 lux) given that these 
are not the typical conditions frequently experienced by hu-
mans in modern societies. Although most humans typically ex-
perience only a single transition from < 1 lux to 90 lux or higher 
per day upon awakening from sleep into room light, the present 
study reveals for the first time that light history can in fact affect 
alertness. Thus, our results warrant future studies to investigate 
the effects of light level histories that are more commonly ex-
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perienced by humans (e.g., including bright light). One final 
limitation with regard to the interpretation of our results is the 
possible effect of behavioral modification during the prior light 
histories on the alerting response to a subsequent light stimulus. 
Although the protocol schedule was identical during the < 1 and 
90 lux light history conditions and there were no differences in 
subjective sleepiness, PVT performance, or waking EEG be-
tween the conditions in the hours prior to the LE, there may 
have been some minor alteration in the participants’ behavior 
(e.g., less time spent reading during the < 1 lux condition) that 
could have influenced the response.

The absence of a difference in the alerting response in the ear-
ly part of the LE may reflect a type of ceiling effect, i.e., alertness 
was still high, such that there was no room for an alerting re-
sponse to become manifest. Several factors may have contributed 
to this. Considering the sizable circadian wake drive at the begin-
ning of LE and only moderate levels of homeostatic sleep pres-
sure in the current protocol, it is not surprising that differences in 
alertness are not seen during the LE. Under these circumstances, 
the 90-lux stimulus may have been sufficient to counteract be-
havioral impairment, irrespective of illuminance history.

A possible explanation for this may be related to homeostatic 
sleep pressure. The 6.5-h light stimulus was administered be-
ginning 1 hour prior to participants’ habitual bedtimes. At the 
end of the LE and at the end of the extended wake episode in-
dividuals had been awake for 21.5 and 26 hours, respectively, 
and presumably had accumulated high sleep need. Perhaps the 
sleep pressure was not sufficiently high earlier in the LE (15-20 
h awake) for the alerting effects of the light to become mani-
fest. A previously published study by Cajochen et al. showed 
significant differences in alertness measures in response to a 
6.5-h LE of different illuminance levels (3-9100 lux).14 The 
maximum difference in subjective alertness was seen in the 
latter half, with the peak difference in the last 30-60 minutes 
of the LE. Similarly, a more recent study by Lockley and col-
leagues16 showed a difference in alertness measures between 
different wavelengths of light during a 6.5-h LE, using a similar 
9-day protocol as in the Cajochen study. In both of these proto-
cols, participants had been kept awake for ~50 hours prior to an 
8-h sleep episode the day before LE and were thus still under 
increased sleep pressure. In contrast, in the current study, par-
ticipants were not sleep deprived on the day prior to the LE and 
therefore experienced only moderate levels of sleep pressure in 
the early part of the LE.

Another possible explanation is that the LE procedures 
themselves, apart from illuminance, were alerting (e.g., inter-
actions with technician). Indeed, in both light-history condi-
tions, lapses of attention and EEG delta/theta activity remained 
at low levels throughout the LE. This suggests that the light 
stimulus itself—or associated LE procedures—were suf-
ficiently strong to induce alertness, and only once they were 
removed did the differences between the light-history condi-
tions fully emerge. These extended alerting effects of light are 
consistent with evidence from a simulated shift work protocol 
showing that exposure to bright light early in the night, prior 
to the circadian nadir of body temperature, was more effec-
tive in improving vigilance in the second part of the night than 
bright light administered during the second part of the night.46 
Furthermore, a previous study examining the extended effects 

of light on subsequent sleep has shown that evening light ex-
posure increased sleep latency.47

The current study demonstrates that exposure to a very dim 
light environment prior to a light stimulus increased the effi-
cacy of this stimulus on alertness, cognitive performance, and 
waking EEG. From a therapeutic point of view, these results 
may have important implications for designing practical light 
treatments with perhaps shorter light exposures or stimuli that 
are lower in illuminance, thereby improving compliance while 
obtaining similar effects of improved alertness.
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