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+ E D I T O R I A L  + 

Awareness of time during sleep 
William H Moorcroftl and Joseph L Breitenstein2 

One cognitive ability that has been demonstrated in many people when asleep is the 
capacity to keep track of time sufficiently so that they can self-awaken when desired. 
Possible practical, physiological and evolutionary sources of this skill are outlined. Such 
findings help to establish the likely presence of significant cognitive ability when asleep. 
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Introduction 

In the industrialized world, sleep is often regarded as 
a state of little if any mental activity, save dreaming, 
and, other than being beneficial for bodily rest and 
restoration, not very useful. Indeed, with the advent 
of cheap and abundant artificial light, time asleep has 
been minimized as much as possible by many people. 
Research on sleep during the last 50 years has 
contradicted these views of the importance of sleep. 
For large mammals, other than a slight effect on the 
immune and endocrine systems, sleep has been dis- 
covered to be of greater importance for mental 
processes, especially memory and emotions. In add- 
ition, simple reflection and basic research show that 
several mental processes are active during sleep. 
Humans turn over in response to pressure or pain and 
awaken in response to a full bladder. Sleepers are 
aware of the location of the edge of the bed to avoid 
falling on the floor (1). They have awakened in 
response to stimuli of considerable personal signifi- 
cance, such as their name being called, but sleep 
soundly through equally intense but less meaningful 
stimuli (1). Added to this common knowledge is 
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research that shows the ability to respond while asleep 
(1) or dreaming (2) with a behaviour (such as pressing 
a finger switch) that was learned earlier while awake, 
and to self-awaken near a time chosen prior to sleep 
onset. 

This latter ability suggests the presence of some 
kind of timing mechanism that is attended to during 
sleep. It is most likely that an internal clock or other 
source of internal time estimation may be responsible 
for this ability to awaken without or before an alarm 
or external source. It is well established that several 
kinds of internal clock-like mechanisms exist in 
animals to regulate circadian, infradian and ultradian 
physiological activities (3).  Some of these involve 
sleep, such as the circadian sleepwake propensity 
cycle and the ultradian non-rapid eye movement 
(NREM)-REM sleep cycling. It is well within the 
limits of possibility that these or other clock mech- 
anisms could provide enough subconscious awareness 
of time to enable humans to self-awaken from sleep 
near a predetermined convenient time. 

Past research 

Even before the discovery of the existence of bio- 
logical rhythms there was sufficient speculation about 
the existence of the ability to self-awaken to prompt 
over a century of occasional scientific investigation of 
this phenomenon. In 1892 Child found that 59% of a 
sample of 200 respondents claimed the ability to 
‘wake precisely at a given hour determined before 
going to sleep, without waking up many times before 
the appointed time’ (4). However, 25% of these 
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individuals admitted that they often failed. During the 
century that followed several additional reports of 
research results utilizing case studies, surveys, sleep 
logs and, more recently, sleep laboratory studies 
(reviewed in (5)) have shown that this ability exists at 
least to some extent in some humans. Several reviewers 
of this research have found self-awakening to be a 
valid confirmation of some kind of internal sense of 
time that is of functional utility in many people (cf 
(1 ,  6 ) ) .  

Yet other sleep researchers have been skeptical of 
the ability to self-awaken at a set time (7) on the 
grounds that it is not a universal phenomena nor is it 
entirely reliable. However, there are many examples in 
medicine of genuine phenomena that are not found in 
all humans and the occurrence of which is irregular or 
periodic. Handedness is an example of the former and 
recall of specific items from long-term memory of the 
latter. 

Source of self-awakening ability 

In addition to imputed read-out of an internal 
biological clock, speculation about the source of this 
awareness of time during sleep has also included light 
sleep with frequent awakenings and periodic REM 
sleep. Frequent awakenings allow periodic survey of 
the situation, such as sunrise or time on a clock, until 
the barely awake person decides that it is time to fully 
awaken. Bell ( 6 )  has proposed that the ability to self- 
awaken consists of two components: the ability to 
induce more frequent awakenings coupled with the 
ability to use these awakenings to mark the passage of 
time. If Bell is correct, this still demonstrates consider- 
able cognitive activity during sleep but less of a true 
internal sense of time. 

REM sleep is a likely source for an internal time 
sense allowing predetermined self-awakening. It is a 
time of greater brain activation (thus easier to awaken 
from) and/or a time of greater capability of cognitive 
activity necessary to recognize time and follow the 
directions to awaken. REM sleep has a somewhat 
periodic occurrence during the sleep cycle, and it 
tends to get longer as the sleep period progresses. 
People also tend to arouse briefly (usually without 
awareness) before or after a period of REM sleep, 
which would occur often enough by chance close to 
the desired time of sleep termination. There is 
evidence to support this possibility that the ability to 
self-awaken is tied to REM sleep (8 ,  9). 

More recently, research has shown an increase in 
adrenocorticotrophin release during the hour pre- 
ceding the intended time of awakening that did not 
occur if the subjects were awakened well before this 
time ( 10). While this increase in adrenocorticotrophin 
may be an internal stimulus that contributes to self- 

arousal, a question still remains regarding the con- 
nection between the mental intention to awaken at a 
particular time and the physiological change in 
adrenocorticotrophin. 

The subjects in our recent research ( 5 )  gave various 
explanations of how they self-awakened close to the 
target time. The most common response was ‘don’t 
know’ followed by habit, visualization of a clock set 
to wake-up time and some other kind of presleep 
ritual. Stress caused by the schedule of the next day 
was also mentioned by several subjects. Although it 
would seem that a consistent time of awakening from 
day to day might facilitate this ability, it was those 
subjects who widely varied their self-set time of 
awakening who were actually more accurate. How- 
ever, those subjects who were more consistent in the 
amount of sleep they obtained from one night to the 
next were more accurate in their self-awakening than 
those who were more variable in sleep duration per 
night. Other factors, such as gender or working shift 
schedules, had no effect on this ability. 

At least two studies (11, 12) have endeavoured to 
more directly test time awareness when asleep. The 
subjects in these studies were awakened at various 
times and asked to report on what time they thought 
it was. The results were positive but not very 
impressive. However, this may be a different kind of 
time awareness than that of awakening at a specific 
time as there is no behavioural significance attached 
to it. 

It is probably not surprising that many humans 
have the ability to se1f:awaken when desired because 
accurate personal external time keeping machines 
have not been available until quite recently in human 
history (13). Yet the need to awaken at a specific time 
in order to attend to duties may have evolved after 
humans started farming, hunting, soldiering, travel- 
ling, sailing, and so forth. Those individuals who had 
the ability to  self-awaken reasonably close to a desired 
time, we might envision, may have had a survival 
advantage allowing them to create offspring with 
genes for the ability to self-awaken. However, not all 
humans manifest this ability. In all studies, some 
people were unable to self-awaken at a desired time. 
Either the ability to self-awaken remains latent in such 
people or, as evolutionary principles would suggest, 
the expression of this ability would vary naturally and 
not everyone would be expected to carry such genes. 

Conclusion 

Overall, these studies show that there is greater 
cognitive activity and control occurring during sleep 
than is generally believed. While it is not at the level 
of conscious awareness, it is nevertheless genuine and 
important. Cognitive control during sleep has been 

AWARENESS OF TIME DURING SLEEP 237 

0 The Finnish Medical Society Duodecim, Ann Med 2000; 32: 236-238 

4 / 5 - srvrhost.xyz/research



238 MOORCROFT BREITENSTEIN 

shown to be useful in the control of enuresis (14), 
nightmares (15, 16), and positional sleep apnoea (17). 

It is important to note that until the discovery of 
sleep apnoea, the body asleep was considered to 
operate in the same manner as the body awake. Now 
it is known that in many ways the physiology of the 
body is very different during sleep (3), and the field of 
sleep medicine has emerged, developed and taken its 
place among other medical specialties. Paralleling this 
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