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IN VARIOUS SITUATIONS, PEOPLE MAKE SUBJEC-
TIVE ASSESSMENTS ABOUT HOW SLEEPY THEY ARE 
AND WHETHER THEIR SLEEPINESS POSES A RISK TO 
themselves or others. It is on these subjective assessments that 
decisions are made about whether to take a break, have a nap, 
or to continue with their previous activities. Unfortunately, 
people’s subjective assessment of sleepiness does not always 
accurately reflect their propensity to fall asleep as assessed 
by objective sleepiness measures such as the Multiple Sleep 
Latency Test (MSLT).1-4

Studies that have examined the relationship between subjec-
tive and objective sleepiness have had varied results, with some 
reporting moderate to high correlations5-9 and others reporting 
correlations that were low or nonsignificant.1-4,10-13 These large 
variations in the strength of the relationship observed between 
subjective and objective sleepiness raise the question of wheth-
er a reliable or significant relationship exists at all. If subjective 
sleepiness ratings are not reliably related to objective sleepi-
ness, then the conclusions drawn in the research setting may 
be questionable, and reliance upon subjectively experienced 
sleepiness as a safeguard against potential sleep-related acci-
dents would be foolhardy.

Previous research examining this relationship varies in a 
number of important ways. The type of measures used is one 
important difference. Objective measures used include MSLT, 

electroencephalography, or various performance measures. The 
type of subjective sleepiness measure used is also important, 
in particular whether or not the measures are sensitive to di-
urnal variations in subjective sleepiness. Other varying factors 
include the study population (patient vs nonpatient), whether 
or not participants are subject to sleep deprivation prior to as-
sessment, time of day of assessments, and use of within- or be-
tween-subjects analyses. These methodologic differences may 
help to explain the inconsistent correlational findings. Another 
factor that may help to explain this inconsistency is the context 
in which the subjective ratings are made. Two studies finding 
low or nonsignificant correlations between subjective and ob-
jective sleepiness collected subjective ratings after 90 minutes 
of free time between trials.4,14 During this time, participants en-
gaged in light physical activity and social interaction, both of 
which have been shown to lower subjective sleepiness ratings. 
Studies examining factors affecting subjective ratings of sleepi-
ness have supported the notion that more stimulating activities 
can alter subjective sleepiness.14-17 Making subjective ratings in 
situations in which there are no distractions and minimal or no 
physical activity (which is the context in which MSLTs are con-
ducted) may strengthen the relationship between subjective and 
objective sleepiness.

Yang, Lin, and Spielman18 investigated whether participants 
who sat quietly for 1 minute with their eyes closed prior to 
making a subjective sleepiness rating would make ratings that 
more closely reflected objective sleepiness as assessed by sleep 
latency. They argued that objective measures tap into physi-
ologic sleepiness, whereas subjective measures reflect physi-
ologic sleepiness plus other activating factors such as physical 
and mental activity, motivation, and context. According to the 
authors, ������������������������������������������������������1����������������������������������������������������� minute of quiet, seated, eyes-closed time should re-
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duce these activating factors and thus lead to subjective sleepi-
ness ratings that more closely reflect the objective measure. 
The authors randomly allocated 30 participants into either the 
eyes-closed or eyes-open group. Each participant made 1 set 
of subjective sleepiness ratings (using the Stanford Sleepiness 
Scale [SSS] and a visual analog scale [VAS]) and completed 
1 sleep-latency trial at 1 of 3 possible time points across the 
day: 09:00, 14:00, or 18:00. Their argument was supported by 
significant, moderately high correlations between subjective 
measures of sleepiness and sleep-onset latency (SOL) in the 
eyes-closed group (r = -0.58 and r = -0.62) but nonsignificant 
in the control group (r = -0.35 and r = -0.19). However, the dif-
ference between the correlations for the eyes-closed and control 
groups did not reach significance.

The present study aimed to replicate the promising findings 
of Yang and colleagues and build on them in several ways. This 
study examined correlations between subjective and objective 
sleepiness in 3 conditions: an eyes-closed condition, an eyes-
open condition with the eyes fixated in an unchanging visual 
environment, and an eyes-open condition in which participants 
visually fixated on a computer screen and performed a serial re-
action-time task. This would distinguish whether closing one’s 
eyes is solely responsible for a stronger relationship between 
subjective and objective sleepiness. Alternatively, if fixating on 
a computer screen with eyes open produces a higher correlation 
than after a serial reaction time task, it would support the argu-
ment of Yang, Lin, and Spielman, that it is reduced activation, 
not closing the eyes per se, that strengthens the correlation be-
tween subjective and objective sleepiness.

METHODs

Participants
Participants were 9 females and 3 males, aged between 16 

and 37 years (mean = 25.42, SD = 7.14). All participants were 
good sleepers who scored 5 or less on the Pittsburgh Sleep 
Quality Index.19 Although medical screening was not conduct-
ed, chronotype was assessed using a 7-day sleep-wake diary to 
determine normal circadian-phase entrainment. The sleep-wake 
diary captured information on daily sleep-onset time, wake 
time, SOL, total sleep time, nighttime awakenings, daytime 
napping, use of caffeine and alcohol, and food intake. Normal 
phase entrainment was defined as a consistent pattern of sleep 
onset between 22:00 and 24:00, a sleep latency of less than 30 
minutes, wake time after sleep onset of less than 10 minutes, 
and a minimum of 7 hours sleep per night. Participants drank 
no more than 2 cups of tea, coffee, or caffeinated soft drinks or 

2 standard drinks of alcohol per day. Excluded were cigarette 
smokers, respondents who were taking any medications that 
may interfere with sleep, and those who had scores of more 
than 12 on any of the 3 subscales on the Depression, Stress and 
Anxiety Scale Short Form.20,21

Approval for the study protocol was given by the Social and 
Behavioural Ethics Committee of the Flinders University of 
South Australia, and informed consent was obtained from all 
study participants. Seven participants completed the study as 
1������������������������������������������������������������� option for completing part of their undergraduate course re-
quirement. Five participants were recruited externally and were 
compensated $75 for their involvement.

The Sleep Laboratory
Continuous polysomnographic recordings were made 

throughout the laboratory session. Sleep onset was determined 
according to the standard criteria,22 via inspection of continuous 
raw electroencephalography, ��������������������������������  electrooculography��������������  , and ��������electro-
myography (PSG, E-Series, Compumedics, Victoria, Australia). 
Sleep onset was defined as 3 consecutive 30-second epochs of 
any stage of sleep. The sleep laboratory was sound attenuated 
and, between sleep-latency trials, the rooms were illuminated to 
less than 50 lux. The laboratory was free of time cues and was 
temperature controlled to 22°C.

Procedure
Participants each completed a single 7-hour evening session 

in the sleep laboratory. On the night prior to the laboratory ses-
sion, participants were restricted to 75% of their habitual total 
sleep time, as determined by 7 days of sleep-wake diary en-
tries. This was to provide a moderate increase of homeostatic 
sleep drive for the laboratory session. Bedtime restriction was 
achieved by shifting participants’ bedtimes later and rise times 
earlier by equal amounts. Sleep restriction was conducted in the 
participant’s home. Compliance with this sleep schedule was 
verified by having participants telephone the sleep laboratory 
at the designated bedtime and rise time. The laboratory session 
started at 19:00 and finished at approximately 02:00. The tim-
ing was selected to maximize within-subjects correlations by 
providing a large range of sleepiness values across the session. 
Participants were instructed to avoid alcohol and to restrict caf-
feinated drinks to a maximum of 1 consumed before 12 noon 
on the day of the laboratory session. They were also asked to re-
frain from napping during that day. To the authors’ knowledge, 
this is the first study that has taken advantage of such a wide 
spectrum of the circadian variation in sleepiness when examin-
ing the relationship between subjective sleepiness and objective 
sleep latency measures.

Figure 1 shows the schedule for each experimental trial. After 
1 practice trial at 19:00, participants underwent twelve 30-min-
ute trials starting at 19:30. In each trial, participants completed 
each of the 3 subjective sleepiness rating conditions followed 
by a sleep-latency trial. The eyes-closed condition involved par-
ticipants sitting quietly for 1 minute with their eyes closed. The 
eyes-open condition involved participants sitting quietly for 1 
minute with their eyes fixated on a point on an otherwise-blank 
computer screen. The performance task condition involved par-
ticipants sitting for one minute with their eyes fixated on a point 
on a computer screen while they performed the psychomotor 
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Figure 1—Schedule for each experimental trial. Order of conditions was 
completely counterbalanced. VAS refers to visual analog scale; SSS, 
Stanford Sleepiness Scale.
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vigilance task (PVT).23 During the PVT, participants visually 
fixated on a black computer screen. They pressed the space bar 
on a computer keyboard as quickly as possible when the screen 
turned red. Interstimulus intervals occurred randomly, ranging 
from 2 seconds to 10 seconds.

The interval between the 3 conditions was approximately 1 
minute. After each condition, participants rated their subjective 
sleepiness on a VAS and then the SSS.24 The VAS consisted 
of a 10-cm line with an anchor of “not sleepy at all” on the 
left of the line and “extremely sleepy” on the right. Participants 
marked the place on the line that most accurately represented 
their personal feelings at that time. The score is the distance 
from the left anchor to the point marked on the line, in millime-
ters. The SSS is a 7-item scale consisting of 7 statements. These 
range from 1 “Feeling active and vital; alert; wide awake” to 
7 “Almost in reverie; sleep onset soon; lost struggle to remain 
awake.” Participants selected the statement that most closely 
reflected their sleepiness. Posture was controlled throughout 
the protocol, with participants maintaining a seated position in 
bed for all conditions and subjective ratings. No food was con-
sumed during the laboratory session. Order of conditions was 
completely counterbalanced for each participant using a Latin 
squares design. Complete counterbalancing was also done for 
order of presentation between participants at each time point of 
the session.

After all 3 subjective rating conditions, participants under-
went a sleep latency trial in which they were given a 20-minute 
sleep opportunity. If, during this time, the participant met the 
electroencephalographic criteria for sleep onset, as determined 
by standard criteria,22 they were woken immediately. If 20 min-
utes elapsed without sleep onset, the trial was ended and the 
SOL was recorded as 20 minutes. The SOL could range from 0 
to 20, indicating the number of minutes elapsed from the time 
of lights out to the beginning of the first epoch of any stage 1 
or deeper sleep. Between trials, participants were able to read 
or watch videos. Bathroom visits, if required, occurred in the 
break between trials.

The strength of the relationship between subjective and objec-
tive sleepiness was analyzed using Pearson correlations. Before 
averaging the correlations for each of the 3 conditions, correla-
tions were transformed to z-scores using Fisher r-to-z transfor-
mations.25 After averaging, scores were backtransformed to r 
values. One-sample t tests were used to determine whether the 
relationship between subjective and objective sleepiness was 
significant. Repeated-measures t tests were used to examine the 
difference in mean correlations between conditions.

RESULTS
Examination of the raw data revealed a robust variation of 

sleepiness across the night (19:30 to 01:30). Figure 2 (a,b) 
illustrates the change across the evening in SOL and subjec-
tive sleepiness for all 3 conditions. Across the evening, mean 
SOL ranged from over 17 minutes to less than 4 minutes, mean 
SSS values ranged from less than 3 to over 5.5, and mean VAS 
scores ranged from 38 to 80.

Pearson correlation coefficients for subjective and objective 
sleepiness for each individual in each condition are displayed 
in Table 1. Correlations revealed generally strong negative re-
lationships between subjective and objective sleepiness, as in-

creased subjective sleepiness was related to shorter SOL. Of the 
3 participants for whom lower correlations were observed, 2 of 
them recorded a severely restricted range of scores for 1 of the 
measures. Participant 8 did not fall asleep for 75% of the sleep-
latency tests, and Participant 7 reported a very restricted range 
of subjective sleepiness values: over 90% of ratings on the SSS 
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Figure 2—Mean subjective sleepiness scores and sleep-onset latency 
(SOL) in the eyes-closed (EC), eyes-open (EO), and psychomotor vigi-
lance test (PVT) conditions across 12 trials on (a) Stanford Sleepiness 
Scale (SSS) and (b) visual analog scale (VAS).
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ing the lack of differences between 
conditions in subjective and objective 
sleepiness correlations.

Unlike Yang, Lin, and Speilman,14 
the present study compared condi-
tions within subjects. To help to tease 
apart the relative contribution of cir-
cadian time and within-subjects ver-
sus between-subjects results, 2 further 
analyses were conducted. Firstly, be-
tween-subjects correlations across the 
range of circadian time were calculat-
ed. This allowed for the comparison 
of the within- and between-subjects 
results across a range of testing times, 
to determine whether a different pat-
tern of results would be observed 
using a between-subjects approach, 
which is the approach taken by Yang, 
Lin, and Speilman.

Secondly, the effect of circadian 
time versus collecting data at 1 time 
point was examined by calculating 
correlations between subjective and 

objective sleepiness for each condition, at each time point. Com-
paring these results with the between-subjects results across a 
range of time points will help to reveal the impact and relative 
importance of capturing the circadian variation in sleepiness to 
accurately reveal the relationship between subjective and ob-
jective sleepiness.

As shown in Table 2, collecting data between subjects and 
across the circadian variation of sleepiness resulted in moderate 
negative correlations, approximately 20% of which were signif-
icant. Although mean correlations indicated a highly significant 
relationship between subjective and objective sleepiness in all 
conditions, the difference in mean correlations between condi-
tions remained nonsignificant (all P values > 0.69).

As shown in Table 3, collecting data between subjects and 
at 1 time point resulted in generally low correlations, with an 
almost equal number being positive and negative. Only ������3����� cor-
relations out of 72 (4%) were significant at P < 0.05, which we 
interpret as a chance variation. Correlation means were close to 
0 and nonsignificant (all P > 0.36).

DISCUSSION
The Yang, Lin, and Spielman14 study suggested the inter-

esting and potentially important possibility that the judgment 
of subjective sleepiness could more closely reflect objective 
sleepiness measures of sleep latency if the subjective judgment 
followed a brief 1-minute period with eyes closed. The present 
study did not find this to be the case. There were no significant 
differences in the strength of the relationship between subjec-
tive and objective sleepiness between the eyes-closed and the 
eyes open conditions. Similarly, no differences were observed 
in the strength of this relationship between the eyes open and 
PVT conditions. Instead, the general pattern of results across 
all conditions were similarly strong and significant, with mean 
correlation coefficients for the 3 conditions ranging from -0.57 
to -0.65.

were the same value, and VAS scores ranged from only 21 to 
39 across the evening. Overall, mean correlations were highly 
significant between subjective and objective sleepiness in all 
conditions, all P < 0.001.

Contrary to expectation, the strength of the relationship be-
tween subjective and objective sleepiness was not greater in the 
eyes-closed condition than in the eyes-open condition, nor was 
it greater in the nonresponding eyes-open condition than in the 
PVT condition. Differences between correlation means were 
analyzed using repeated-measures t tests; however, none were 
significant, all P > 0.14.

An alternative explanation for the failure to find differences 
among the conditions derives from the close temporal proxim-
ity of the 3 judgment conditions and the possible expectation of 
consistency in judgments at any one time. If participants were 
biased to maintain consistent subjective sleepiness ratings fol-
lowing the first of the �������������������������������������      3������������������������������������       ratings over a limited judgment pe-
riod of less than 5 minutes, then we would expect that only the 
first of the 3 ratings would accurately reflect their subjective 
sleepiness. To test whether this may have had an impact upon 
our findings, we correlated only the first subjective sleepiness 
ratings with SOL for each participant. Because order of pre-
sentation of the 3 pre-subjective rating conditions was counter 
balanced, each condition was the first presented on ������� 4������  occa-
sions for each participant. The eyes-closed condition showed 
no advantage over the 2 eyes-open conditions. Using the VAS, 
the eyes-open fixated condition resulted in a larger correlation 
(-0.76) between subjective and objective sleepiness than did 
the eyes-open PVT (-0.53) or the eyes-closed condition (-0.50). 
Using the SSS, the eyes-open fixated condition resulted in a 
larger correlation (-0.77) than both the eyes-closed (-0.69) and 
the eyes-open PVT conditions (-0.60). However, there were no 
significant (P > 0.10) differences between any of these means. 
Thus, after eliminating the data that could have been influenced 
by expectation effects, our conclusions remain the same regard-
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Table 1—Pearson correlation coefficients for subjective and objective sleepiness for each condition and 
participant, taken from the 12 time points across 1 night

                                                   VAS/SOL      SSS/SOL
Participant Eyes closed Eyes open  PVT Eyes closed Eyes open PVT

1 -0.51 -0.46 -0.43 -0.59a -0.59a -0.42
2 -0.65a -0.72b -0.69a -0.66a -0.75b -0.65a

3 -0.85b -0.80b -0.78b -0.72b -0.69a -0.67a

4 -0.72b -0.64a -0.72b -0.61a -0.37 -0.57a

5 -0.29 -0.29 -0.37 -0.34 -0.34 -0.46
6 -0.48 -0.69a -0.48 -0.83b -0.84b -0.82b

7 -0.34 -0.12 -0.10 -0.16 -0.16 -0.16
8 -0.28 -0.22 -0.34 -0.15 -0.23 -0.31
9 -0.72b -0.83b -0.67a -0.82b -0.82b -0.82b

10 -0.67a -0.73b -0.71a -0.85b -0.85b -0.78b

11 -0.73b -0.75b -0.71a -0.52 -0.58a -0.64a

12 -0.88b -0.87b -0.57 -0.90b -0.86b -0.86b

Mean -0.64c -0.64c -0.57c -0.65c -0.65c -0.64c

Note: VAS refers to visual analog scale; SOL, sleep-onset latency; SSS, Stanford Sleepiness Scale; PVT, 
Psychomotor Vigilance Test.  aP < 0.05, 2-tailed; bP < 0.01, 2-tailed; cP < 0.001
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lated using within-subjects data. This would help to control for 
individual differences, such as the way people interpret subjec-
tive sleepiness scales in relation to their objective sleep propen-
sity. In situations in which multiple within-subjects ratings are 
not possible, such as in patient populations, there are a number 
of methodologic considerations that could help best reveal this 
relationship. These include collecting sleepiness ratings at clock 
times that span as much of the circadian variation in sleepiness 
as possible, using an environment of low stimulation, and using 
measures of subjective sleepiness that are sensitive to circadian 
variations in sleepiness, such as the SSS or VAS, as opposed to 
measures, such as the Epworth Sleepiness Scale, that measures 
trait-like sleepiness.8

It is important to note that, even in relatively “ideal” test-
ing conditions, subjective ratings of sleepiness explained an 
average of only 40% of the variance in objective sleep pro-
pensity. It would be beneficial for future research to explore 
other factors that may contribute to this variation. A study by 
Van Dongen and colleagues13 revealed that, under conditions of 
chronic sleep restriction, subjective ratings of sleepiness tended 
to regress toward the mean over time, whereas objective perfor-
mance deficits continued to increase. It is possible that a degree 
of habituation to feelings of sleepiness occurs with ongoing 
sleep restriction over several days in their study. However, in 
the present study, there is no evidence of a putative habituation 
of subjective sleepiness over time. Unfortunately, MSLTs were 
not conducted in the Van Dongen study, so it is unclear whether 
sleep propensity would show a similar truncation over time.

Differences in how and when data have been collected may 
help to explain why previous studies have reported such wide 
variations in the strength of the relationship between subjec-
tive and objective sleepiness. The protocol utilized by Yang, 
Lin, and Spielman14 required participants to complete 1 trial at 
09:00, 14:00, or 18:00. The time at which the subjects partici-
pated was self-selected, and there were differences in the num-

Yang, Lin, and Spielman14 suggest 
that closing one’s eyes may reduce 
transient activation. Although there 
was a trend for subjective sleepiness 
to be greater in the eyes-closed con-
dition than in the eyes-open condition 
and greater in the eyes-open condi-
tion than in the PVT, as apparent in 
Figure 2, these were mostly nonsig-
nificant. This suggests that transient 
activation was not reliably altered 
by the experimental manipulation. 
Previously, subjective sleepiness has 
been explained as physiologic (ob-
jective) sleepiness combined with 
other activating factors such as phys-
ical and mental activity, motivation, 
and context. The broader context in 
which participants made subjective 
sleepiness ratings may be important 
when considering these results: par-
ticipants were in a dimly lit warm 
bedroom and they were in bed, wear-
ing comfortable clothing, and had 
been in this environment between 45 minutes and 6 hours at-
tempting sleep onset at half-hourly occasions during the MSLT. 
This environment was intentionally a relaxing sleep-conducive 
environment. The manipulation of condition into eyes closed, 
eyes open, or PVT may not have been of a magnitude sufficient 
to alter or induce transient activation to any meaningful degree 
in this environment.

Correlations calculated between subjects and across the 
range of circadian variation in sleepiness ranged from -0.36 
to -0.48. Analyzing sleepiness data between participants led to 
weaker correlations by approximately 0.21, as compared with 
the same analysis conducted within participants, with 22% less 
of the variance explained.

Mean between-subjects correlations calculated at each time 
point ranged from -0.05 to 0.02, which is markedly different 
than the results obtained when taking advantage of the circa-
dian variation in sleepiness. Controlling for clock time resulted 
in correlations that were weaker than the between-subjects cor-
relations calculated across the evening by approximately 0.39, 
with 17% less of the variance explained. Examination of scat-
ter plots for each correlation, together with the standard devia-
tion of mean scores at each time point, revealed a restriction of 
range in the spread of scores reported at any 1 time point for the 
SSS, VAS, and SOL. Correlating data taken from 1 time point 
largely controls for the effect of circadian rhythm on sleepi-
ness. Instead, the intrinsic variation between subjects in subjec-
tive and objective sleepiness is relied upon to provide a range 
of sleepiness values. The low correlations between objective 
and subjective sleepiness in some previous research could be a 
function of truncated ranges in either measure, and, thus, they 
may not reflect the strength of the relationship occurring within 
any individual across a greater range of sleepiness.

The findings of the present study have the potential to inform 
future studies that seek to assess this relationship. Correlations 
between subjective and objective sleepiness may be best calcu-
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Table 2—Pearson correlation coefficients for subjective and objective sleepiness for each condition and 
between participants, with 12 groups of between-groups data taken for each condition from the 12 time 
points across 1 night

                                  VAS/SOL      SSS/SOL
Group Eyes closed Eyes open  PVT Eyes closed Eyes open PVT

1 -0.17 -0.09 -0.39 -0.64a -0.39 -0.11
2 -0.32 -0.66a -0.74b -0.27 -0.44 -0.56
3 -0.07 -0.48 -0.60a -0.55 -0.25 -0.61a

4 -0.39 -0.39 -0.61a -0.52 -0.60a -0.50
5 -0.62a -0.50 -0.30 -0.66a -0.34 -0.54
6 -0.86b -0.33 -0.01 -0.48 -0.52 -0.29
7 -0.37 -0.20   0.16 -0.20 -0.74b -0.55
8 -0.56 -0.34 -0.37 -0.37 -0.58 -0.63a

9 -0.18   0.05 -0.24 -0.50 -0.24 -0.16
10 -0.37 -0.47 -0.63a -0.70a -0.32 -0.51
11 -0.27 -0.41 -0.45 -0.38 -0.55 -0.49
12 -0.21 -0.41 -0.14 -0.30 -0.21 -0.44

Mean -0.40c -0.36c -0.39c -0.48c -0.45c -0.46c

Note: VAS refers to visual analog scale; SOL, sleep-onset latency; SSS, Stanford Sleepiness Scale; PVT, 
Psychomotor Vigilance Test.  aP < 0.05, 2-tailed; bP < 0.01, 2-tailed; cP < 0.001
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ditions is needed to evaluate whether 
this manipulation will lower transient 
activation and increase the accuracy 
of subjectively assessing sleep pro-
pensity in these contexts.

An important, yet unexpected find-
ing is that, when circadian variation 
is controlled, the intrinsic individual 
differences in sleepiness in laborato-
ry conditions did not yield significant 
subjective-objective correlations. In 
other words, individuals were reason-
ably accurate in detecting changes of 
objective sleepiness within them-
selves across a range of sleepiness. 
With somewhat diminished reliabil-
ity, it is also possible to significantly 
identify objective sleepiness from 
the subjective sleepiness of different 
individuals as long as the judgments 
span across a considerable range of 
circadian sleepiness. However, when 
time of day is controlled, it is not pos-

sible to reliably identify those who are at greatest risk of falling 
asleep on the basis of their subjective rating of sleepiness. Thus, 
the variability of prior research findings may be due, at least 
partly, to the way in which correlations were derived. These re-
sults indicate that careful methodologic procedures are needed 
to accurately assess this relationship. It may be important for re-
searchers examining this relationship to collect sleepiness data 
within participants, where possible, and across the spectrum of 
circadian variation or at varying levels of sleep loss or homeo-
static sleep drive.
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