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Supervisor: Professor Bram Goldwater
ABSTRACT

The standard criterion used to judge a lapse of wakefulness
is the disruption of electroencephalogram (EEG) alpha activ-
ity. Recent comparisons of alpha loss with functional abkil-
ities are found only in studies of sleep deprivation and vi-
gilance detection. Earlier investigations of sleep onset in
normal subjects were incompletely reported and left several
questions unanswered about the general applicability of

sleep onset criteria.

Twenty young adults, including seven females, were re-
cruited from the university community tc participate in two
2-hour polygraph sessions studying selected behavicral, phy-
siological and subjective correlates of sleep onset. Exper-
iment one compared passive‘closure of a telegraph key with
changes in EEG alpha and theta activity, electro-oculogram
deflectiocns, functions of thoracic and abdominal breathing
components and subjective sleepiness ratings. Experiment
tvo monitored the same physiclogical measures during a modi-

fied wilkinson auditory vigilance test.

Subjects who produced abundant wakeful alpha activity had

a mean latency of four sec from alrha loss to passive lapse
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(key closure) and a strong asscciation of alpha level (pre-
sent/absent) with key level (up/closed). In these subjects
alpha loss was also associated with significantly greater
incidence of slow eye movements, reduced abdominal breath-
ing, a larger ratio of thoracic to abdcminal (TA) excursions
and a longer expiratory time with respect to inspiratory am-
plitude. All subjects, regardless of either alpha abundance
or sex, showed significant and similar associations of beha-
vioral lapse with all of the above changes. Significant sex
differences in breathing amplitudes, and overall results
with respiratory variables, were discussed with reference to

the history of experimental techniques and findings.

Results from use of the Stanford Sleepiness Scale (SSS)
were inconclusive because of faulty data collection. A re-
plication attempt is indicated to corfirm significartly
sleepier mean ratings for both the key closed condition and
the second half of the session, and an interaction in which
SSS ratings were indistinguishably high during the second

half.

In the second session the Wilkinson auditory vigilance
test was administered at two levels of difficulty to diffe-
rent subjects. Misses were distinguished from correct de-

tections (hits) by having a higher-numbered sleep stage dur-
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ing the four sec prior to tone delivery and both a lower
abdominal amplitude and higher TA ratic in the preceding
breath cycle. Only the subgroup that had the easy (400-500
msec) discrimination produced significartly more theta ac-
tivity during the 1 sec prior to missed tones. Other varia-
bles failed to discriminate between hits and misses, and
none of the variables distinguished hits from incorrect "de-
tections" (false alarms), whether in component subgroups or

for all subjects combined.

Analysis of differences in sensitivity, based on signal
detection techniques and expressed as p(A), showed main ef-
fects for both task difficulty and sleep stage (W vs 1). An
interaction also appeared in which the effect of stage upon
sensitivity appeared only under the difficult discrimination
(420-500 msec). The implications of this difference vere
discussed in terms of previous findings about rate of per-
formance decrement across time as a function of signal in-
tensity. Also discussed were the role of threshcld changes
as a limiting factor on easy discriminations and a generally
reduced discriminatory capacity with the progress of sleep

onset.
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ORIENTATION

Slumbering in the archives of imaginative escapades con-
trived by the first wave of TV variety shows is a progranm
dealing with attempts to sleep in noisy surroundings.

Arranged as a spectacle and corntaining several confound-
ings, the event was never intended as a serious test of
whether the truly tired could fall asleep anywhere at any
time. But it did highlight continuing questions about
sleep: 1its definition, onset, characteristics and measure-

ment.

The situation involved a contestant, a challenge and a
prize. The specified performance: fall asleepr on a benct by
an appointed time during rush hour in Grand Central Station.
No medication before then, no privacy, and on the night be-
fore, no sleep either. On arrival at the station the
contestant was wired for polygrarh recording, given a blank-
et and pillow and moulded into a position convenient for the

lighting and camera crew.

At the appointed time, to no one's surprise, the polygra-
pher declared him to be awake. The contestant promptly

agreed, yet just a moment before he certainly seemed tc be



sleeping. With closed eyes, sprawling posture and rhythmic
breathing, he looked to me as I must have looked to my pa-
rents on the many occassions when I (possibly) deceived thenm
into assuming that I was really asleep. So how did the po-
lygrapher know that the contestant was awake? When I asked
my mother she said that the polygrapher's machine could tell
the difference. When I asked her hcw the machine knew I re-
ceived that most perpetual of all pessible replies to ingui-
sitive kids: some day when I grew uvp I would £find out all

about it.

That was decades ago, and I'm still not sure. Behind ev-
ery machine, however, are humans and humanly determined
criteria of waking and sleeping that machines are designed
to monitor. What, then, do we mean when we ask if someone

is awake or sleeping?

Defining amd Measuring Sleep

Questions about how sleep differs from waking were cnce
popular but are now seldom asked and even less frequertly
answered. One could do worse than defer to Kleitman (19¢€3),
whose treatment of this issue is judged by many to be still
incapable of further improvement. Kleitman had inherited an

emphasis on physical immobility described by Pieron as an



"internally determined, periodic and reversible suspensicn
of activity". Kleitman added a functional dimension,
stressing one's relative ability "to wutilize the past and
contribute to the future" (pg. 5). Kleitman thus emphasized
the primacy of behavioral indicators of one's critical reac-
tivity to the environment, which imfplies an analysis of sen-
sory stimuli with respect to prior experience and an elabo-

ration of appropriate responses.

Today sleep research is well developed, rapidly expanding
and remarkably interdisciplinary. Sleep studies continue to
provide useful and provocative informaticn to those who work
in biomedical and behavioral fields. And because sleep stu-
dy techniques extend the range of inguiry into human and an-
imal behavior - from wakefulness to sleep and dreaming -
they are widely used by experimentalists and clinicians in a

variety of investigations.

Sleep and 1its measurement are clearly inseparable sub-
jects. In order to establish substantive reliability about
the nature of sleep and procedural reliability about its
measurement, sleep and its functicnal attributes had to be
clearly described in terms of a monitoring technigue that
didn't seriously interfere with the process being measured
but was strongly correlated with other mcre invasive methods

of judging its presence and depth.



Barly discoveries showed that sleep was not a wunitary
phenomenon, but a behavioral, physiclegical and experien-
tial state that differed gqualitatively and gquantitatively
across the night. Not surprisingly, considerable emphasis
was placed on all-night recording sessions during which be-
havioral responsiveness and subjective reports were compared
with physiological measures. Mcre all-night sessions were
then necessary to standardize recording technigques and scor-
ing procedures, establish normative standards for human sub-
jects and develop computer scoring methcds to deal with the

mass of data that accumulated in the course of a night.

As matters turned out, sleep research and electroencegha-
lography grew up together, each contributing tc the refine-
ment and elatoration of the other. In contrast with other
measures of sleep, the electroencephalogram (EEG) =shows
characteristic phasic as well as distinct tonic changes that
lend themselves to an EEG staging system with which to de-
scribe the progress of sleep. The eventtval discovery of re-
gularly recurring rapid eye movement periods and their asso-
ciation with dream reports intersified research with the
EEG. Supplemented with additional instrumentation, it is
capable of continuous non-invasive measurement of sleep by
stage criteria that can be Jjudged with an overall scoering

agreement of 90 percent (Karacan, 1978). As an added advan-



tage, the EEG is especially reactive; stimuli in all sensory
modalities produce stage changes and other transient events
in the continuous EEG trace as well as in average evoked po-
tential (AEP) data. In short, the EEG is a versatile and
expressive instrument that enjoys widesrread use in studies

of the sleeping brain.

But underlying and ultimately validating these EEG crite-
ria are still the kinds of functional behavioral relation-
ships implicated by Kleitman. These behavioral phencmena
are among the principal concerns here. This thesis examines
the manner in which various behavioral measures, including
spontaneous and discriminative motor responses and ratings
of subjective state, correlate with the more primary elec-
troencephalographic criteria, and inquires into the rela-
tions of both behavioral and EEG measures with activity in

peripheral physiological systems.

In view of the central role of the EEG in the study of
sleep and its pivotal position in evaluvating other behavior-
al and physiological measures, the next section will review
the basic properties of the EEG during wakefulness and
sleep. Section three will then review the literature con-
cerning relations among EEG, behavioral and peripheral phy-

siological measures relevant to sleefp onset.



THE EEG AND SLEEP

The overall appearance of an EEG tracing is characteris-
tic of a subject in much the same way that a fingerprint is.
For most purposes the EEG can be ccmprehensively described
in terms of the frequencies of its component waves, their
amplitude (voltage), the dominant frequency in the record
and the proportion of record time occupied by the dominant
frequency. It has long been known that these properties are
relatively constant across time when the EEG is recorded un-
der similar conditions from the same site (Davis and Davis,
1936). When at rest with closed eyes, 95 percent of adult
humans have a dominant frequency in the 8 to 13 Hz (algha)

range (Brazier and Finesinger, 1943).

The term "high alpha" appears frequently in the litera-
ture. It refers to a record in which an alpha frequency is
not only the dominant frequency, but also occupies a sub-
stantial percentage of the record. Using the quartile sub-
divisions of percent alpha time proposed by the above re-
search groups, Table 1 shows the percentage of subjects in

each group.



TABLE 1

Distribution of subjects according to alpha abundance

Research group Percent of subjects in each gquartile
< 25 25 to 50 50 to 75 > 175
Davis (100ss) 25 21 34 20

Brazier (500ss) 5 20 48 27

The alpha rhythm can be considered as an intermediate
state of cortical activation (Oswald, 1962).%* Such activi-
ties as problem solving or stimulation in any sensory mcdal-
ity will abruptly terminate (block) alpha (Mackworth, 19€9),
which is replaced by faster (beta) freguencies. But if a
subject is in a drowsy, non-alpha condition, the return of
activity in the alpha range accompanies partial alerting and

signals of "awakening"™ (Anch et al, 1982).

As a relaxed subject with closed eyes descends intc drow-
siness, Davis et al (1937) observed the following changes.
1. Voltage of the alpha rhythm decreases and may undergo

amplitude modulaticn.

* Slow frequencies are generally related to a depressed cor-
tex in sleep, anesthesia and ccma, and faster frequencies
correspond to activation produced by problem solving, anxie-
ty and stimulant drugs (Gibbs and Gibbs, 1950).



2. Alpha activity may be disrupted and even completely
interrupted for periods of 1 to S sec with replace-
ment by low voltage mixed freguencies.

3. As cycles of alpha interruption continue, gaps beccne
longer and theta is often observed between alpha
trains.

4, Alpha abundance continues to be r1educed and its fre-

quency is 10 to 20 percent slower.

These observations were essentially ccrroborated by Kell-
away et al (1967) who attempted +to quantify the order in
which various EEG and physiological changes occurred during

sleep onset in a normative study of 200 aviators.

The EEG may be analyzed intc a variety of sleep stages
depending on the intent of the investigators. The most com-
monly used system for all-night recerding is that designed
by Rechtschaffen and Kales (1968), hereafter referred tc as

REK, and containing 6 stages (W, 1, 2, 3, 4, and REM).

Relaxed wakefulness (stage W) with clcsed eyes is associ-
ated with more than 50 percent of an easily reccgnized alpha
rhythm in a given FEG epoch of "high alpha"™ subjects. As
sleep onset progresses the alpha is more frequently inter-
rupted, decreases in amplitude, slows by 1 to 2 cps and is

progressively eliminated. When alrha abundance falls below



50 percent in a given epoch (usually 30 sec) stage 1 is
scored. Stage 2 corresponds to a low or medium voltage mix-
ed frequency trace of predominately theta activity without
organized alpha. Slow eye movements (SEM) appear and may
continue for several minutes during the transition from al-
pha to 1low voltage mixed frequencies. Transient activity
(vertex waves, sleep spindles and K ccmplexes) 1is also ob-
served during this time. The EEG pattern progressively be-
comes dominated by low frequency, high vcltage waves (stages
3 and 4). A reversal of this sleep descent phenomenon is
ocbserved in transition to REM periods. Stages 4 and 3 EEG
patterns revert to the lower voltage, faster frequencies of
stages 2 and 1. REM periods are characterized by a stage 1
EEG, a sudden transition to low muscle tension and bursts of
conjugate Rapid Eye Movements (by defini tion) that are usu-
ally accompanied by other phasic ptenomena, 1like twitching

of the extremities (Baldridge et al, 196%5).

Electrophysiolcgical measures have become nearly indis-
pensible to the study of sleep. The EEG in particular has
long since provided the standard criteria for sleep onset
and sleep stages, assuming properties of an independent va-
riable against which other physiclogical and subjective mea-
sures of sleep onset (S0O) and sleep depth are compared. The

comparison of these other non-EEG measures directly with be-
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havioral criteria are rare. Magnussen's (1944) tudies on

the Respiration During Sleep is the most recent example.

As a consequence the assessment of cther than EEG mea-
sures of behaviorally- defined SO and sleep depth has teen
neglected. This is unfortunate for several reasons:

1. The use of alpha dynamics to determine sleep onset is
difficult or impossible for "low alpha" sukjects who
comprise a quarter of the population.

2. An EEG determination may itself be difficult cr inm-
possible to obtain, especially with small children
and other potentially uncooperative subjects.

3. Physiolcgical measures other than EEG must be relied
on to provide supplementary information. Even in
high alpha subjects the significance of interruptions
in alpha activity is ambiguous. At least two expla-
nations are possible: It could ke a lapse resulting
from lowered alertness or a classical alpha block at-
tributable to inceased alertness. Ancther measure,
like SEM, 1is needed in c¢rder to make an appropriate
assignment (Oswald, 1962).

4, For that matter, peripheral physiological measures
may provide important information about the organ-
ism's functional state that isn't available in the

EEG record. For example, slight sounds that show no



1

EEG reactivity have been observed to change respira-

tory patterns (Locmis et al, 1937).

Principal aims of the present research were therefore to
replicate selected behavior-EEG studies, to determine the
relations of peripheral physiological measures with EEG and
behavioral variables and to explcre the generality of their

application as monitors of sleep onset.
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REVIEW OF THE LITERATURE

Basic literature concerned with the transition Letween
wakefulness and sleep is easily divided into two major areas
of interest. Those studies which explcre the relaticr of
behavioral and peripheral physiclogical variables to EEG are
of greatest relevance to this thesis and are discussed first
under the heading Ob jective Measures. A separate section is
devoted to a consideration of studies that extend the inqui-
ry to subjective aspects of drowsiness and sleep onset. The
chapter concludes with closer consideration of physiological
variables considered for use as dependent measures in the

proposed research.

OBJECTIVE MEASURES

Investigation into the behavicral and physiolecgical cor-
relates of sleep onset ( SO ) may be classified into two ba-
sic styles. Those explicitly conducted as studies of SO are
discussed first, followed by those apprcached as studies of

wakeful performance.
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Sleep Onset Studies

To hetter c¢rganize the discussion, the various studies
can be further subdivided according to whether subject be-
haviors are spontaneously emitted or cued by the experimen-

ter.

Spontaneous Behaviors.

The Davis group (1938) asked subjects to signal, by
pressing a rubber bulb, occassions when they noticed that
they "had just drifted or floated cff for a moment"™. The
relation between EEG and float signals was reported tc be
clearest in the records of six subjects who shcwed a waking
alpha rhythm 70 percent or more of the time. cf 156 float
signals, 150 were recorded after a depression of the alpha
waves which lasted from 1.5 to 40 seconds. Thirty nine si-
milar alpha depressions weren't sigralled. This isn't sur-
prising, if only because - as already mentioned - the signi-
ficance of an alpha interruption can't be determined without

supplementary information.

The minimum duration of alpha loss that could be sig-
nalled was characteristic of the individual and tendeéd to
increase across the session. The alpha rhythm almost always
reappeared before subjects signalled. The signal latency

from reappearance of occipital alpha (0 to 5 sec) was also
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characteristic of the subject but showed no pattern across

the session.

That some subjects were able to signal before alpha re-
turned was discussed as an indicator that the awareness cf
floating may be possible in the absence of alpha. Alpha
"may return because the subject rouses himself further by

the act of signalling" (pg. 30).

The Blake group (1939) approached SO with a passive beha-
vioral test. Eight subjects held a light spool between two
fingers. In time the spool fell and the subject was aroused
and asked whether or not s/he had been aware of dropping it.
Regrettably, subject variance and group variance weren't re-
ported, only the latency range cf 0.5 to 25 sec after disap-
pearance of the alpha rhythn. If the spool fell within 0.5
to 1.5 sec (usually the case), the subject was aware of its
fall. But if the fall was delayed until 6.5 to 25 sec after
alpha loss, the subject couldn't recall having dropped it.
The authors conclude: " (Muscle) tone, therefore, diminishes
soon after the alpha rhythm is lost, but consciousness does

not disappear for some seconds more" (pg. 54).

It's unfortunate that within-subjects variakility wasn't

reported. Experimental error arising from inconsistent
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spool-holding and hand posture may have produced the lcrger
latencies. Spool dropping, however, was only one €lement of
an extensive investigation. In this and many early studies,
observations of S0 phenomena were largely serendipitous on
route to an assessment of all-night sleep characteristics.
As a result SC events weren't always systematically investi-

gated.

A similar passive behavioral test was attempted during a
pilot study this summer. Behavioral, physiolcgical and sub-
jective correlates of afterncon naps were studied with six
volunteers. Among them were 4 high alpha subjects who
showed a positive correlation between passive closure c¢f a
response key and decreased alpha, whether scored as a de-
crease in integrated alpha or as a visually detected alpha
loss in the raw EEG record. A within-subjects ANCVA compar-
ing alpha 1level (pg.resent/absent) with key level (up/
closed) showed key closure significantly related to alpha
loss F(1,5) = 14, p < 0.01, with 64 percent of shared vari-

ance.

In support of the Blake results, pilot high alpha sub-
jects usually allowed the key toc close between 0.5 and 1.5
sec after alpha loss (which wvas always judged in the occipi-

tal derivation). A compariscn of latencies from alpha lapse
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to key depression with the alpha lapse times necessary to

result in float reports wasn't attempted in this study.

Anliker (1963) conducted a time-estimation task, asking
good alpha generators to tap a telegraph key every 3 sec
during two 4 hour sessions. If subjects didn't tap for 90
sec they were alerted, asked to tap once, and then continue
with the session. Graphs were recorded for each subject
session. The mean integrated amplitude of dominant (awake)
alpha frequency was cumulated on the ordinate against time
on the abscissa. Each record was later analyzed and the
data replotted so that elapsed time between responses cculd
be compared with average slope of the corresponding alpha
voltage during that interval. As subjects became drowsy,
indicated by reduced amplitude means, their inter-response

intervals increased.

Operant responding to avoid or escape a negative reinfor-
cer has also been tried. Lindsley (1957) used subjects who
were sleep deprived for 15 to 38 hours. By pressing a mi-
croswitch during all-night sessions, the subjects were able
to control the volume of a tone that would otherwise in-
crease to an intensity of 30 dB. A cumulative recorder was

used to record response rates. Rates usually dropped after
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the first 30 min and fell to zero about 15 min after tkat.
In a later session without the tone, subjects were instruct-
ed to press at the same rate. They continued to respond for
the first half hour as before, but then stopped entirely.
The extra 15 min can be considered as a numerical value for
the difference between the effect of negative reinforcement

and conditioned responding with instructions.

Kamiya (1961) attempted a replicaticn with EEG ccntrcl.
He reported that an optimum rate of 30 presses per min wvas
observed early in the session. But "as alpha is replaced by
the low voltage pattern of drowsiness, the rate of pressing

declines often to zero" (pg. 157).

Carskadon and Dement (1979) used a Serial Alteration task
in which subjects tapped two microswitches "regularly and
alternately at a steady pace". An illustration and caption
of one record segment shows that after two nights of sleep
deprivation the subject performed well during unktrcken alpha
trains, even in the presence of slcw eye movements that are
thought to precede or accompany drowsiness. "when the ERG
changed to stage 1 sleep, however, the suvbject was unable to
tap the switches" (pg. 501). (The meaning of "stage 1"

isn*'t explicit, but seems to denote alpha-lapse periods.)
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The main conclusion to draw frcm studies of spontaneous
behaviors is that a behavioral lapse always coincides with
or follows an alpha lapse. This is even the case in Anlik-
er's study. Although his analysis indicates impoverished
responding to be associated with decreased alpha voltage,
the cumulative record shows that response lapses are accom-
panied by a drastic reduction in slcpe, indicating that only
background alpha within the low voltage mixed frequencies is

being integrated.

Unable to be determined from the available data is the
extent to which experiences of flcating ccincide with lapses
of spontaneous responding. A within-subjects study would be
needed to test this possibility since the minimum duration
of alpha 1lapse perceived as a float seems tc vary across

subjects.

Cued Behaviors.

The Loomis group (1937) presented 10-sec tones * to 6
subjects who were instructed to open their eyes at tcne con-

set and close them at tone offset. Detailed results weren't

* Stimulus intensity is seldem repcrted in early studies.
This review reports stimulus parameters whenever they are
known.
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reported but rather: "If the subject is asked tc respcnd,
if awake, tc a tone signal sent in every minute, we cften
observe the A state (containing alpha) to continue for £ to
10 minutes after the subject has ceased to resgend to the
signal" (pg. 137). Under the Loomis scering system, efpcchs
containing any amount of alpha are scored as stage A. Prior
to an entire epoch of non-alpha (Loomis stage B) are many
periods of alpha-loss that could have ccincided with tones.
If these tones were of low intensity, responses might nct

have occurred during low-alpha epochs.

Fischgold and Schwartz (1960) delivered single flashes
from a strobelight during varicus EEG conditions and re-
quired two button presses as a correct response. Data for 7
subjects asleep under Nembutal show that responding is still
reasonably accurate during stage B (a low voltage mixed
trace) and isn't disrupted until stage C (sleefp spindles on
a background of predcminately theta activity). Responding
from stage B seems inconsistent with the Locmis results and
also with results from studies of sportanecus btehavicrs.
But an inspection of the Fischgcld data reveals that the po-
sitive responses from stage B were preceded Ly EEG activa-
tion responses to the stimulus. Their strobelight was pro-

bably a photic stimulator used routinely during clinical EEG
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recordings. These are designed tc elicit EEG responses fron

drowsy or lightly sleeping subjects.

Magnussen (1944) used both =spontaneous pressing and
Fressing to a verbal cue during long day sessions with shift
workers and medical students. Much of his spirographic re-
cording was done with apparatus that offered a slight resis-
tance to expiration. Under these conditions very clear
respiratory patterns were noticed. He discovered that dis-
ruption of <cued rather than spontaneous pressing coincided
better with transitions from reqular respirations to those
in which prolonged expirations or post-expiratory pauses oc-
curred. These respiratory patterns would probakly be asso-
ciated with EEG-defined SO transiticns under similar condi-
tions. Respiration will be discussed further at the end cf

this chapter.

Simon and Emmons {1956) were the first investigators of
sleep learning with EEG control. They used twc behavicral
measures: immediate response and subseguent recall of ques-
tions and answers. The authors ccompared EEG patterns that
corresponded to detected vs undetected and recalled vs unre-
called material to measure the degree of learning at varicus

R&K sleep stages.
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Ninety-six questions of general infcrmation were giver as
a pretest to 21 experimental subjects who had a persistent
wakeful alpha rhythnm. A contrcl grocup matched on means and
variances of I(, age and pretest scores also took the fre-
test. During the training sessicn, experimental subjects
were instructed to call out their name if they heard any of
the 96 questions and answers being delivered S min. agart

throughout the night.

Both unaided recall and multiple-choice posttests were
administered tc both groups. The percentage of items that
were signalled as heard and the percentage correctly an-
swered on the post-test were referred tc sleep levels that
prevailed during delivery of the answers. These levels uere
refined subdivisions of the Lcomis stages. Predictably, the
percentage of items reported heard during the session de-
clined with the appearance of deeper sleep levels, as did
the percentage of answers correctly recalled and correctly
recognized on the exams. Answers presented during any al-
pha-containing level resulted in significantly higher per-
centage scores for the experimental groug. Tabkle 2 shows
the percentage of correctly recalled items during alpha-con-

taining levels:
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TABLE 2

Percent recall as a function of alpha level
Level Descriptiorn % correct
0 High amplitude continuous alpha rhythnm g0

at normal (waking) freguency.

A+ > 50% alpha rhythm that shows normal 5
alpha blocking to stimuli, then returns.

A < 50% alpha present but ccntaining at sS
least 3 cycles at normal frequency.

A- lower frequency alpha (cr no alpha, but 30

having alpha within 30 sec either before
or after stimulus delivery).

Okuma et al (1966) investigated two tkehavioral measures
with all-night subjects. Ten subjects received photic sti-
mulation of 3 to 6 pulses at the rate of one per sec during
various sleep stages and were asked to press a switch the
corresponding number of times. They did so accurately from
stages 1 to 3 which contain various amounts of alpha activi-
ty and correspond to R&EK stages W and 1. But activation ef-
fects on the EEG were noted even in the deepest stages.
Once a signal 1is given the subject is unavoidably alerted.
Considering that a minimum of 3 flashes were presented in as
many seconds it is likely that perception, and certainly
response, begins from a much higher level of activaticon than

that existing before the first flash. In support of this
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contention, incorrect responding from Okuma's deepest sleep

stages were usually 1 or 2 less than the number of stimuli.

An auditory reaction time task was combined with photic
stimulation in the sessions of 5 of these subjects. Sub-
jects were asked to press a button whenever they heard a
continuous 800 cps, 90 dB tcne. Both reaction times and
standard deviations increased from lighter tc deeper sleep
levels, showing that respomse latency to a single flash is a

better discriminator of Ckuma's stages.

In a more sensitive test, (Okuma, 1S66) pairs of words
were presented to subjects during varicus sleep stages.
Fifty four percent of words presented during ccntinucus al-
pha were identified the next morring, but only 18 percent of
those words that were presented during theta activity wkhile

alpha was suppressed.

Liberson and Liberson (1966) used an ET procedure similar
to that of Okuma. Twelve subjects pressed a key as rapidly
as possible in response to an undefined signal that was giv-
en during alpha activity and at different times after the
lapse of alpha activity. Subjects then reported their sub-
jective experiences just before the signal was given. Ttese

experiences will be described elsewhere. Their response la-
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tencies were graphed as a functicn of time between alpha
lapse and stimulus delivery. To ccmpensate for the possible
influence of session length on RT, the data included sangles
of alpha lapse both early and late during the session. A
linear plot resulted in which RT latency was proporticnal to

alpha lapse time.

Ozawa and Hirose (1979) studied simple reaction time
(SRT) and choice reaction time (CRT) during both long-term
memory (LTM) and short-term memory (STM tasks). 10 LTWM sub-
jects were first trained to respend selectively tc the low-
est and highest frequencies of four 70 dAB tones, a CRT task.
These tones were then presented in randcmized interstinuvlus
intervals (ISI) of 10, 20 or 30 seccnds. Subjects were giv-
en directions for SRT (respond to all tcnes) and CRT (res-

pond only to highest and lowest tones) on separate days.

Reaction times to non-alpha stimuli were longer than
those to alpha stimuli, and reaction times in both EEG con-
ditions were longer with CRT directions. Choice time (CFT -
SRT) did not differ across EEG conditions, nor did the fer-
centage of false alarms. Error percentages of misses were
also non-significant across EEG ccrditicns and response di-

rections.
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Another 10 subjects participated in the STM task. Exper-
imental conditions were identical except for the directions
to respond only to a tone of higher frequency than the cne
last heard. STM reaction times were longer than LTM times
and the STM task differentiated sharply between alpha and
stage 1 stimulus conditions. In addition to lcnger RT for
stage 1 presentations, the errcr fpercentages of misses and
false alarms were also significantly greater than for algha
presentations. ISI also exerted ar influence; as ISI in-
creased, reaction times were longer and errors increased.
Finally, STM choice time, probably calculated as (STM CR1) -
(LTM SRT), increased in stage 1. Further information wasn't

available in this abstract.

Two comments about studies using cued behaviors are in
order. First, sufficiently intense stimuli, especially when
continued for several seconds, will almost invariatkly change
even relatively deep sleep levels. Ckuma's photic bursts
and the Simon & Emmons verbal stimuli are in this categcry.
EEG correlates of their behavioral measures will accordingly
need to be considered by SO stages during, or degree of ac-
tivation resulting from, the stimulus delivery. In addition

to the activation effect, scoring by lcng epochs can also
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yield ambiguous results because in R&EK stage 1, for example,
both alpha lapses and reductions in alpha frequency occur,
and theta abundance increases. To the extent that cne might
want to explore the EEG correlates cf stimuli in different
sensory modes and of various behavioral responses, scoring
the precise kind and degree of EEG activity near stimulus

onset is essential.

Conclusions and implicatioms for the present study

A fair summary of objective behavioral correlates of
sleep onset would note a consistency tLetween findings of
those studies employing cued behavicrs and those using spon-
taneous behaviors. In both cases a change in performance is
at least indicated by, if not dependent upon, a prior or

simultaneous EEG alteration.

The present research included the wuse of two different
behavioral variables in two experiments carried out ir two
successive sessions. For the first experiment it seemed ap-
propriate to extend the pilot study, which used passive de-
pression of a telegraph key as a spontaneous indicator of
sleep onset. A cued behavior in the form of responding to a
vigilance task vas used in the seccnd experiment. Both ex-

periments attempted to correlate changes in behavicr with



27

prior or parallel physiological alterations and to investi-
gate these as potential ncn-invasive indicators of sleep on-
set. The degree of association between alpha dynamics and
the behavioral indicator, and the latency Lbetween alpha loss
and behavioral lapse deserved special attention. Also im-
portant were appropriate tests to determine the suitability
of the behavioral measure as an indicator of sleep onset for

other than high alpha subjects.

_—_——— e =

The ters "perfcrmance studies"™ is irtended to dencte a
paradigm that differs from that of sleep onset studies in
set, setting and stimulation. SO subjects are literally
couched in a sensorially diminished environment with in-
structions to drop off to sleep. Perfcrmance subjects are
oriented to specific tasks, often in a psychophysical or si-
mula ted operational setting, typically encounter higher lev-
els or rates of stimulation and are under at least an impli-

cit demand to remain awake.

Performance research most relevant to this thesis are vi-
gilance studies of signal detecticn and determinaticns cof
reaction time in both normal and sleep-deprived subjects.

The experimenter measures the detection of a signal or sreed
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of a response and relates these performance sccres to cne or
pore physiclogical or subjective correlates. Peformance de-
crements characteristically cbserved acrcss session time are
often correlated with specific EEG changes. 1In this section
it is of interest to determine how well the inter-relations
of behavioral and physiological variatles in performance
studies agree with those of SO studies. In the review to
follow, performance studies of normal subjects are discussed
first. Experimentation with sleep-deprived subjects and as-

sociated complexities are considered next.

Performance of Normal Subjects: Reaction time.

Reaction time studies measure behavioral response latency
to easily detected or easily discriminated stimuli. Stinmuli
are usually grouped in blocks cf about 10 min and several
blocks, with intervening rest periods, comprise an experi-
mental session. When mean reaction times are =scored for
each block, 1lcnger times are typically associated with the

later blocks.

Much of the research on EEG ccrrelates of RT decrements
has been addressed to a pre—existing hypcthesis that the cy-
cle length of alpha rhythms is a basic temporal unit of
event processing by the central nervous system (Lindsley,

1852) » Surwillo (1961, 1963, 19€4a) studied reaction times
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to tone stimuli of subjects ranging in age frcm 28 tc 99
years. He attempted a two-part demconstration: that response
latency differences between subjects who were maximally
alert was a function of alpha frequency, and that withkip-
subject data followed the same trend during individual ses-

sions.

In each experiment the mean pericd of the EEG epoch Let-
ween stimulus onset and response was calculated for each RT
trial and compared with the associated response latency.
Surwillo's 19€1 results showed an inter-subject correlation
of 0.81 between RT and alpha period (or -0.81 between RT and
alpha frequency). In a 1963 replication, 93 of 99 intra-
subject correlations were positive. ¥hen the mean of these
Fisher-z transformed scores was reconverted to Pearson r, an
average correlation of 0.31 between RT and alpha period re-
sulted. Mean inter-subject data for the high-motivation

block gave a correlation of 0.72.

In another study of 54 adults (Surwillo 1964a), individu-
al subject means for both simple and choice reaction times
and their associated EEG periods resulted in a correlation

of 0.76 for both SRT and CRT tasks.

It vas mentioned before that slowing of the alpha fre-

guency develops with the progress c¢f sleep onset. Results
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such as those of Surwillo are especially relevant to this
thesis when evidence of drowsiness can be found during fper-
formance sessions. And it can. Surwillo (1963) preserted
and discussed portions of a representative record containing
various levels of EEG activation, pointing ocut easily-ob-
served systematic variations between response time and alpha
frequency. Included was a response time over twice as long
as the subject's mean to a stimulus that occurred about the
time he reported dropping off to sleep. Morrell and Mcrrell
(1965) have alsoc emphasized recurrent EEG sleep episcdes

during performance studies.

The relation between alrha frequency and RT isn't unctal-
lenged, however. The most serious criticism of Surwillo's
procedure is the location he chose for sampling the EEG fre-
guency. Positioned as it is immediately after stimulus on-
set, the EEG epoch can consist of variocus mcvement arti-
facts, an alpha-blocking response, alpha elicitation (common
when alpha 1is already reduced in anmplitude and fregquency)
and evoked rpotential components as well as the underlying
EEG frequency itself. The influence of artifacts and algha-
blocking was largely eliminated by Surwillo's decision to
score only well-defined waves. This removed one third of
the total responses. Even then the EEG epoch seems too com-
plexely determined to support a simple interpretation of re-

sults making use of it.
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Boddy (1971) analyzed a 1-sec epcch immediately preceding
signals for both visual and auditory trials. His experi-
ment, which is essentially a replication attempt differing
only in epoch locaticn, failed tc find a significant corre-
lation between EEG period and RT of alert sulkjects in either

inter- or intra-subject ccmpariscons.

Other findings are also negative with respect to frequen-
cy shifts within the alpha range. Lansing et al (1957)
found no correlation between visual RT and either the period
or amplitude of alpha at stimulus delivery. Birrin (1965)
also tested the influence of both alpha frequency and ampli-
tude on RT at the onset of a tcre. In his young male sub-
jects "no relation was found between response speed and al-
pha fregquency or voltage either within or between subjects".
But he did find significantly 1longer response times to sig-
nals delivered during non-alpha ccmpared with alpha tirmes.
Morrell (1966) established three fpre-stimulus categories -
alpha, 1low voltage and slow waves - and disccvered cories-
pondingly longer RT scores across these frequency bands.
(Among Boddy's 1971 results is an extension of this correla-
tion into the beta range. Reactions times became longer as
frequency bands changed from beta tc alpha and from alpha to

low voltage and then slow waves.)
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It's anyone's guess what Surwillo's results imply. In
addition to questionable EEG sampling his study alsc dif-
fered in the extreme age range cf subjects he used. Perhaps
a factor that correlates imperfectly with age, like ceretro-
vascular disease, might produce the same experimental re-
sults. An extensive screening process wculd be necessary to

exclude potential confoundings of age with health.

Performance of Normal Subjects: Detection studies.

Detection studies are concerned with responses to target
stimuli. These may be presented alone at low intensity or
in combination with one or mcre cther stimuli as a discrimi-
nation task. Traditional vigilance tasks reported the prob-
ability of target detecticn acrcss blocks of a session.
More recently signal detection analysis has been used; sub-
ject performance is reported in statistical decisicn theory
terms kased on correct and inccrrect responses about the
Fresence or absence of a target. Such an analysis addresses
the fact that variations in a subject's performance may re-
flect changes in sensitivity to the signral or changes in a
subject's criterion of what constitutes a reportable signal
(i.e., changes in the subject's willingness to report the

presence of a target). Appropriate parameters for determin-
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ing both sensitivity and criterion are based on percent Lits
(correct detections of a target signal) and percent false
alarms (incorrect "detections"™ when in fact no target is
present). Reaction time can be used as an additicnal nea-
sure of vigilance and is essential in unlimited-hold experi-

ments where the signal remains until it is detected.

Results of vigilance studies generally show decliring
performance during the sessicn accompanied by decreasing
electrocortical activation. As representative examples,
Davies and Krkovic (1965) found that both alpha abundance
and target detection rate declined across blocks c¢f trials
during a 90 min auditory task. Grell's (1966) visual dis-
crimination task showed that the number of correct detec-
tions and a subject's dominant alphta frequency reliably de-
creased during 90 min sessions. O'Hanlon and Beatty (1S77)
conducted a simulated radar monitoring with results reminis-
cent of the Morrell-Boddy correlation of frequency Lands
with response times. In the radar task, longer detection
latencies were positively correlated with percent theta
(0.44) and percent alpha (0.68)* and negatively with percent
beta (-0.67), indicating decreased activation during the 120

min session.

* Tn a visual task alpha is 1initially sparse and beccmes
more abundant as the sessicn proceeds.
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When EEG activity near individual signals 1is analyzed,
theta activity predominates when the subject misses signals.
This was first demonstrated qualitatively by Oswald (1962)
and later confirmed. Groll (1966) examined 1-sec intervals
before signals and found that an average frequency of 8.9
cps preceeded correct detections ccmpared with 5.6 cps be-
fore misses. The Horvath group (1975) reported that misses
were preceeded by higher levels of theta activity than were
observed before correct detections (Davies & Parasuraman,

1982) .

Daniel (19€7) found the opposite - decreased theta fro-
duction during missed signals. His task, however, was lo-
cating a specfic 3-digit sequence in pre-recorded numters
presented at a rate of 1 per sec. Cemparatively mcre tleta
during correct detections in such a task could easily be at-
tributed to perceptual processing or selective attention. A
related study (Haslum & Gale, 1973) shows greater integrated
theta abundance during auditory presentation of 4-digit se-
quences than during rest periods. 2And as reviewed by Schac-
ter (1976), tasks involving concentration, problem solving

and selective perception are associated with an increase of
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theta in frontal and central areas. Bcth of Daniels' bipo-
lar electrode placements contained a vertex lead and there-
fore would have detected theta activity cof that type as well
as the more diffusely distributed theta cf drowsiness. Dan-
iels' observation of decreased theta in association with
misses can therefore be understcod as a lapse of serial con-
centration instead of a failure of EEG dynamics to acccunt

for performance decrements.

Further sugpport for the similarity of relations among va-
riables in both sleep onset and performance studies can be
found in experimental investigaticns that alter the frequen-
cy or abundance of EEG activity. To be consistent with the
correlational data obtained in both study types, increases
in alpha abundance or frequency, and suppression cf theta,
should result in greater wakefulness (behavioral improve-
ment) , whereas less or slover alpha and enhancement of theta
should yield a drowsier (behavioraly impaired) subject.

This is generally the case.

Surwillo (1964b) attempted tc mcdify alpha frequencies by
entraining them with photic stimuli. Five of his 48 sub-
jects were able to sustain frequency shifts between 6 and 15

Hz while participating in RT trials. They shcwed the ex-
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pected positive correlation betwen RT and alpha rperiod.
Woodruff (1975) obtained similar results with biofeedlkack
modification of alpha frequencies in 20 subjects. During
slow-alpha trials subjects had 1longer reaction times than
when they were performing fast-alpha trials. But Woodruff's
rank-order correlation (0.40) of RT with EEG pericd across
subjects was much smaller than Surwillo's, and her intra-
subject correlations weren't significantly different from
zero regardless of the session analyzed. Reflecting on
these less than optimum results, Wcodruff acknowledged the
possibility that slow-alpha learning might be accompanied by
more frequent alpha lapses and fast-alpha learning with few-
er lapses. In short, a disccrtinuous EEG measure (alpha
versus non-alpha or alpha versus theta), which ccrrelates
negatively with alpha frequency, cculd have explained her

results.

Theta feedback conditions have been used ir shcrt and
long sessions with both inexperienced volunteers and skilled
chservers. As reviewed by Davies and Parasuraman (1982),
operant control of theta is generally effective when other-
wise unregulated conditions show deterioration in perfor-
mance. "when the observer is already fully alert, however,

performance is unlikely to improve further as a result of
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theta suppression" (pg. 197). At the cther end cf the ar-
ousal continuum, attempts to improve performance with ttketa
suppression (Morgon & Coates, 1975) or high alpha frequency
enhancement (Hord et al, 1976) fail as sleep loss increases

during sleep deprivation (SD) studies.

Other methcds of experimentally mcdif ying EEG frequencies
might also be investigated. Obrist (1965) suggests sensory
deprivation and prolonged body immcbilization tc reduce al-
pha frequency. The former is an attractive way to separate
the alpha-lapse periods of drowsiness from the effect cf
frequency reduction. Subjects typically sleep during the
initial hours of the session. Later, when they are presuma-
bly "refreshed", measurements shcw both decreases in perfor-
mance and a progressive lowering of the dcminant alpha fre-
quency throughout the session , and even hours later during

the recovery period (Heron, 1957).

In the absence of additional evidence the available find-
ings tend to support the «claim that performance c¢f single
behavioral tasks correlates primarily with major shifts in
the EEG frequency - beta to alpha and alpha tc either alpha

loss or replacement with theta.
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There is yet another method that allows studying a sub-
ject's performance during the otherwise delicate, easily in-
terrupted process of falling asleep. The method consists of
making sleep onset less delicate (cor drowsiness more dura-

ble) , and is the topic to follow.

Sleep Deprivationm Studies

A subject may be described as sleep deprived when s/he
must exert extra effort to comply with sccially-reinfcrced
prolongations of wakefulness. Few attempts have been made
to quantify this extra effort, although the various strate-
gies are often extreme and nc doubt contributed to Re-
chtschaffen's (1979) gquip that the function of sleep is to
avoid the syamfptoms of sleeplessness. The Naitoh alliance
(1971) used a pedometer to show significantly higher walking
mileage during SD, compared with baseline, as a strategy for
remaining awake. Greater muscular activity has also corre-
lated with improved performance during SD (Wilkinson et al,

1962).

The extra effort on one side and increasing sleepiness on
the other tends to polarize the findings and interpretations

of SD studies. Demands of task perfcrmance, the quality of
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interpersonal relationships and conditions of measurement
(active or passive) often determine whether SD is conceptu-

alized as a state of arousal or lassitude.

In terms of performance, however, SD subjects seenm to
show a general decline (Morgan et al, 1980). But early re-
sults of various hehavioral experiments were inconsistent.
Subjects would perform surprisingly well at times regardless
of the nature of the task, extent of SD or time of day.
Bills (1931) discovered the converse phenomenon - periods of
non-responding that were later linked to EEG decreases in
frequency and amplitude (Bjerner et al, 1949; wWilliasms et

al, 1959) and called microsleegps.

The Williams group predicted that the results of pefor-
mance tests would depend on whether tasks were paced by the
experimenter or by the subject. In terms of a TLapse hy-
pothesis popularized by Bjerner and Williams, vhen tasks
were paced by the experimenter, scme trials wculd cccur dur-
ing lapses, resulting in failures to respond. When tasks
were paced by the subject, trials would not be attempted
during lapses. Therefore error percentage wculd te hicher
for experimenter-paced tasks and rate of performance would
be slover for subject-paced tasks. Their data and that of

others support this hypothesis (Glenville et al, 1978).
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In a study of vigilance and EEG changes under the influ-
ence of sleep loss or chlorpromazine, Mirsky and Cordon
(1962) administered visual or auditory versions of the Con-
tinuous Performance Test * to each of 4 subjects. In agree-
ment with previous studies, errors of cmission were much
more numerous than those of the urnimpaired control session.
For SD subjects more high voltage, slcw EEG activity was
present during cmissions than during correct detecticns.
The observed theta and delta activity and vertex waves sup-
ports the claim that behavioral 1lapses cccur during micros-

leeps.

Concurrently recorded respiration and plethysmecgrarhic
finger volume were even more sensitive to behavioral change.
Behavioral omissions occurred when a ccmbination of lcwer
amplitude respirations with prolonged pauses and increases

in both pulse volume (PV) and blood volume developed.

The Williams group (1962) followed with a study of audi-
tory reacticn time compared with EEG and PV. These investi-
gators had previously observed fast as well as slow respcnd-
ing during alpha rhythm depressions in the same subjects.

This 1isn't unusual considering that alpha depression may

* This is a 10 min test during which 1 per sec presentations
cf random letters include a target stimulus to which the
subject must respond.
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represent either a decrease or an increase in alertress. An
auditory CRT of 10 min was given to 7 subjects during tase-
line, SD and recovery days. EEG freguency was measured be-
fore the first second of each critical tone. Mean grocup
correlations between CRT and EEG frequency were significant-
ly higher during SD trials and distinctly bimcdal trends
were seen in the data. Subjects displaying an alpha rhythm
of any frequency responded within half a second; during the-
ta they missed the signal entirely. (The authors didn't re-
port or discuss alpha-lapses unaccompanied by increased the-

ta activity.)

Within-subjects comparisons depended on the develcprent
of a bimodal EEG distribution. Unless subjects exhiltited a
theta activity mode as well as an alpha rhythm mode, CRT cm-
issions were minimal and intra-subject comparisons between
EEG frequency and CRT were marginally significant, if at
all. But although theta was necessary for omissions, it was
not sufficient. During the first SD session one subject
responded to 32 of 80 theta trials, yet stimulus intensity
was described as "slightly above the =subject's threshold".
PV trend covaried significantly with CRT during SD trials,

but to a lesser extent.
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Naitoh (1975) reports the ability of a variety of autc-
nomic measures as well as EEG tc track the progress of a
continuous manual task. Subjects performed cycles cf press-
ing 9 numbered keys on a respcnse panel in descending corder
and were instructed to respond toc an infrequent «click by
pressing the tenth key. Results cf these SD sessions vwere
consistent with previous studies. EEG alpha prevailed dur-
ing the pressing task on SD days and was replaced by a low
voltage trace with occasional vertex waves a fraction of a
second before behavioral lapse. Also cbserved during non-
pressing times were lowered heart rate, increased pulse vo-

lume amplitude and slower, shallower breathing.

0f special interest to the [ficposed research is that
these same changes could be cbserved during baseline as well
as SD sessions. On the basis of this study a subject during
SD differs frcm his or her undeprived condition only in the
degree and lability of arousal level, which is indicated by
the relative magnitude of EEG changes and by the greater ra-
pidity with which behavioral sleep co¢nset develops. One
could predict that patterns of similar behavioral and peri-
pheral physiological measures that occur during SD would
also be found under normal conditions provided that the sub-
ject were well adapted and the sessicn prolonged. The Mir-
sky and Williams experiments couldn't address this issue be-

cause of the short (10 min) testing sessicns they used.
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This much, at most, might be concluded frcm the results
of performance studies: Just as the performance of SD sub-
jects is a function of condition change (normal vs sleep-de-
prived), sc the performance of normal subjects is a function
of stage change (alpha vs alpha-lapse or theta). The com-
parison is compelling and invites analysis, with ncrmal sub-
jects, of the relation between performance decrements and
signs of lowered alertness in bocth EEG and peripheral phy-

siological measures.

Data from vigilance tasks show characteristic performance
decrements across long sessions. Several studies show er-
rors of omission correlated with brief periods of reduced
EEG activation (Davies & Krkovic, 1965; Groll, 1966; Horvath
et al, 1975), and others demonstrate performance decrements
under sleep deprivation (Beatty et al, 1977; Deaton et al,
1971; Wilkenson, 1968). There is even evidence that experi-
mental alteration of EEG variables affects performance in
the expected direction (Woodruff, 1975; Morgan & Ccates,
1975). But although performance decrements over time and

those attributed to sleep deprivaticn have been documented



by

with signal detection analyses, the EEG - perfcrmance rela-
tion has not. Thus we do not know to what extent correla-
tions between EEG and vigilance performance actually reflect
an EEG influence on the subject's discriminatory capacity
(sensitivity). Nor have the perpiheral physiological varia-
bles of experiment one been studied as possible cocrrelates
of performance decrements in unimpaired subjects. Experi-
ment two was allocated to these determinations with a suita-
bly modified version of the W®Wilkinson auditory vigilance

test.

The experimental intent behird experiment two consisted

of three parts:

1. A replication attempt of previous findings that de-
tection errors were associated with indicaticns of
reduced wakefulness in the EEG.

2. Further tests to determine whether detection errors
were associated with indicaticns of reduced wakeful-
ness in other dependent measures.

3. A signal detection analysis to test for differential

responding at selected EEG levels of wakefulness.

From the section on Performance Studies it was concluded
that performance decrements were related to stage shifts

(alpha vs alpha-lapse or theta) of ncrmal subjects and to
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condition shifts (normal vs sleep-deprived) of SD subjects.
Because the general EEG appearance cf an SD subject approxi-
mates that seen during normal sleep onset (Hcrne, 1978), it
is a safe cocnclusion that decrements in simple performance
tasks can be related to a decreased activation level of the
EEG in terms of shifts to lower frequency bands. Whether
task decrements of both ncrmal and sleep-deprived subjects
occur for the same reason is still unkncwn. Good evidence
exists that SD subjects are both less sensitive and less
cautious than unimpaired subjects during vigilance tasks

(Glenville et al, 1978; Polzells, 1978).

The Wilkinson auditory vigilance test was selected be-
cause it showed reliable performance decrements across time
and produced lower sensitivity scores as a function of in-
creasing degree of sleep deprivation (Wilkinson, 1969; T[ea-
ton et al, 1971) « It was modified by reducing the event
rate and making a compensatory increase in the ratic of tar-
get to non-target events in order toc generate enough false
alarms to allow determinations of both sensitivity and cri-
terion level across sleep conset levels. These were intended
to be alpha without SEM activity, alpha with SEM and alpha

loss periods.
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SUBJECTIVE MEASURES

As already mentioned, Davis et al (1938) reported that
subjects described their "float" episodes as distinct frcm
real sleep. These subjects were equally unanimous in re-
porting floats as depressions of awareness (in terms <cf a
diminution of sensory stimuli and forgetting of the experi-

mental setting).

Such observations were also reported by Dement and Kleit-
man (1957) who elicited SO regpcrts from 10 subjects during
stage 1. Subjects invariably stated that "they were not as-
leep and that mental imagery was not as crganized or real as
that occurring in dreams". A variety of images and sensa-
tions were described that might be called hypncgogic such as

floating, drifting, flashing lights, etc..

Lehman et al (1979) compared alpha with non-alpha experi-
ences. Their 30 subjects were asked to report from two con-
ditions: when 4 sec of low voltage was followed by 2C sec
of alpha, and when 20 sec of alpha was replaced by a sus-
tained low voltage trace for 10 sec. The fcecrmer (algpha)
condition was associated with significantly more non-visual

thinking, and the latter with visual experiences. A ccrpar-
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ison of the first two and the last two reports of the ses-
sion showed a similar agreement cf report type with EEG ca-
tegory, indicating no apparent interacticn of mentation type

with session length.

Zilberg's (1977) dissertation abstract reported a fpcsi-
tive correlation of sleep stage (W versus 1) with mental
contents categorized in terms of a Primary Process Scale.
(He also reported stable intra-subject shifts in hemisgheric
laterality frcm stage W to stage 1, but doesn't specify the

direction.)

Liberson and Liberson (1966) elicited mentaticn regcrts
during alpha and at various times after alpha-lapse. De-
creasing reality-orientation accompanied increasing time

between alpha-lapse and report cue.

Foulkes and Vogel (1965) chose tc explore subjective fac-
tors in several distinct physiclogical stages of sleep on-
set. They conducted extensive interviews during awakenings
from their 4 SO levels that ended with an estimate of the
subject's degree of wakefulness (cn a descending 5-pcint

scale of 0 to 4). Reports corresponding to these levels
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were collected from 9 subjects each of whom contriktuted 6
awakening reports during each of 4 sessions. A comparison
of the 3 early with the 3 late awakening reports shows sub-
stantially the same depth rating for a given level, reflect-
ing little if any time-of-night effect. Data Table 3 stows

subjective depth at different SO levels.

TABLE 3

Subjective sleep depth as a function of stage

SO level Depth estimate

Medians cf range of
subject means subject means

alpha (nc SEM) .80 a2 = 2:1
alpha SEMN 1.50 S5 = 2.7
stage 1 2.00 1s3 = 2.7
stage 2 2.25 17 = 27

Notice the extensive range in both alpha levels.

This decrease in wakefulness with deeper levels was also
observed in individual subjects. But individual graphs of
depth versus level had varying slopes as well as different
absolute values. One could conclude from this that subjec-
tive estimates of sleepiness are less sensitive indicators

of SO level than the EEG. But it is alsc possible that with
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sufficient practise use of an expanded and well-defired in-
terval scale might correlate better with EEG criteria and
perhaps show a strong relation with one or more behavioral

measures as well.

The Stanford Sleepines Scale (SSS) consists of 7 numbered
statements arranged in equal-appearing intervals of increas-
ing sleepiness. Hoddes et al (1975) ccmpared the SSS rat-
ings and performance measures frcom baseline to SD ccrdi-
tions. SSS correlations with the three performance meastres
were:

Wilkinson Vigilance test .... 0.70
Wilkinson Addition test ..... 0.67
Williams Wocrd Memory test ... 0.74
All of these were non-significant with a group of 5 sub-
jects, but laseline SSS ratings were significantly lcower

(more wakeful) than corresponding SD ratings throughout the

day.
Carskadon and Dement (1979) alsc studied behavioral and
subjective correlates of SD. Performance on the Wilkinson

addi tion test declined significantly during SD and scores on
their serial alteration test decreased +while the SSS, Food
scale and their Sleep Latency test depicted a sleepy and
inert drudge who could fall asleep in less than 2 minutes

after a day of SD.
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Glenville et al (1978) used the SSS with a 1 hour Wilkin-
son Vigilance test and 4 short performance tests to study
the effect of one day of SD. As might be predicted from the
previous section, Vigilance fell during SD. Number of hits
decreased by 50 percent and signal detection analysis shcwed
decreases in both sensitivity and criterion level.* Of the
four 10 min tasks, SRT and CRT data showed slower responding
and more rTesponse times greater than 1 sec, but tests of
short term memcry and handwriting were unchanged. SSS
scores corresponding in time to all tests increased signifi-
cantly from baseline values of about 3 tc SD values of akout

5. EEG wasn't recorded.

Conclusions and implications £ the present study

The case for subjective changes during sleep onset is not
as clear as for the objective data. The SSS seems able to
distinguish between sleep-deprived and unimpaired subjects
but its "short-term" within-subjects use in normal sleep on-

set has not been reported. Of these subjective measures

* Subjects were less sensitive to differences and less cau-
tious in their judgement.
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that have been tested in this way, changes dc nct appear to
vary with the 1length of experimental sessions (Foulkes and
Vogel, 1965; Liberson and Liberson, 1966; Lehman et al,

1979).

The Stanford Sleepiness Scale was used in experiment one
to test the hypothesis that subjective sleepiness varies
with the objective sleep onset level and not simply w%ith
time across the session. The intended sleep onset levels
were the same as those planned for the Wilkinson test; alpha

without SEM, alpha with SEM and alpha loss.

PERIPHERAL PHYSIOLOGICAL VARIABLES

The following physiological variaktles are proposed as im-
portant adjuncts to EEG monitoring, as possible substitute
measures when EEG is inappropriate, and as varialbles that
offer functionally significant infcrmation both during and
on both sides of EEG- and behaviorally-defined SO trarsi-

tions.



slow Eye Movement

Sleep onset offers a unique opportunity for the eyes to
be literally extravagant, They wander in ways that are im-
possible to duplicate intentionally, undergoing slow excur-
sions that are invariably seen during the administration of

anesthetics (Burford, 1941).

While awake with closed eyes, a subject is capable of
saccadic fixatiocnal movements. These are rapid conjugate
motions of low amplitude (small arc) sometimes cobserved when
the eyes are closed (Shimazono et al, 1965). As confirmed
by Aserinsky and Kleitman, 1953, 1955), an entirely diffe-
rent pattern emerges concurrently with the onset of sleep -
slower and higher- amplitude excursions that are deflected
in an oblique plane, sometimes asynchroncusly. Dunwoody and
Edmonston (1974) define SEMs as slcw horizontal eye move-
ments having a frequency below 0.8 Hz; Kellaway et al (1967)

estimate SEM frequency at 0.25 cps.

As reviewed by Dement (1964), SEM activity generally fre-
cedes the earliest alpha loss events and is usually termi-
nated by an alerting stimulus during this tinme. If sleep
onset continues unhindered, SEM activity usually continues

through stage 1, becoming slower and less abundant, and
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quiescent for long periods during stages 3 and 4 sleep. At
such times when sleep is well established, a kocdy movement
or a stimulus cf sub-awakening intersity will initiate SEMs.
In deep anesthesia SEM activity is entirely absent (Burfcrd,

1941).

In a recent study by Hori (1982), 19 of his 20 subjects
exhibited SEMs a few minutes before stage 1 onset. This
temporal separation was advantageous to a study of subjec-
tive correlates of SO by Fculkes and Vogel (1965), allowing
them to establish a category between alert wakefulness and
stage 1. This intermediate categcry, called alpha-SEM, dif-
fered in subjective wakefulness from both higher and lcwer
categories and served to identify a ccontinuum cn cther sub-

jective rating scales as well.

So far, the behavioral measures used during SC have not
been directed to distinguishing SEM corditions from cther
sleep onset patterns. In fact SEM is rarely recorded during

behavioral studies.

In a summer pilot study the extent cf SEM activity was
compared during alpha and alpha-loss times and alsc times

scored as up versus closed with respect to a response key
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that indicated a passive behavioral lapse. SEM activity mo-
nitored during epochs containing SO transitions (gaps in al-
pha trains) was significantly more abundant during alpha
loss and behavioral lapse in the 6 subjects studied, with

shared variance of 35 and 27 percent respectively.

This served only to demcnstrate that SEM might be a use-
ful substitute predictor of SO for low alpha subjects. To
assess the functional significance of SEM a mcre sensitive
measure is needed that might discriminate betsween SEM and
non-SEM conditions during stage % as well as distinguish

between alpha-SEM and alpha-loss phases cf SO.

Dement's (1965) subjects responded "awake and thinking"”
during sustained alpha without SEM, but reported visual ex-
periences and diminished awareness of the environment shen
SEM accompanied continuous alpha. This content was included
in subjective float reports described bty the Davis group
(1938) as "depressed awareness of inmmediate external stimuli
or of self- consciousness, awareness of the experimental si-

tuation, etc.m.

Little help in sorting out the ccntribution of SEM to the
subjective aspects of SO 1is available in the rest of the

literature. Mentation reports were made either by stage
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{(Dement and Kleitman, 1957) or by elapsed time after alpha

loss (Liberson and Liberson, 1966).

The use of SEM to monitor performance of either sleep-
deprived or urimpaired subjects has not been reported. Fer-
haps SEM activity has no qualitative tehavioral signifi-
cance. Kellaway (1967) included SEM activity among the
first indicators of drowsiness only because it was sc fre-
gquently observed during the transition form wakefulness to
sleep. Aside from some modest wutility in predicting a
change in behavior, SENM onset may indicate little fteycnd the
develorment of relaxation to the point shere the level of
cortical activity is too low to maintain equivalent (balanc-
ing) innervation of the extraocular muscles. This was pro-
posed by Aserinsky and Kleitman (1955) tc explain the slow
excursions "which appeared to be passive drifts entirely
lacking in fixation and frequently binocularly discoordi-

nate" (pg. 8).

Reports of Dement's subjects nevertheless suggest that
performance decrements could be fcund during SEM in a suita-
bly designed vigilance study, and his (1965) contention that
SEM activity is inappropriate to visuval experiences was sup-
ported by Rechtschaffen and Foulkes (1965). Two of their

subjects who fell asleep with taped-cpen eyes were presented
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with illuminated objects during alpha-SEM periods. When
awakened 2 to 20 sec later they had no recall for the stimu-
lus object. It is still an open questicn whether this sen-
sory impairment is general or restricted to vision.* If gen-
eral, then it's conceivable that a sensitive auditory
vigilance task could distinguish awake alpha-SEM fromr alpha
without SEM. These were two of the three sleep onset levels
rlanned for obtaining SSS reports in experiment cne and for
determining performance parameters cn the Wilkinson auditory

vigilance test in experiment two.

Bespiration

If poetic descriptors were ever admissable in research
reports, studies of respiration would merit them mcst. The
history of inguiries into the 1r1elaticn of respiration and
sleep reads like a romance. In physiclogy it is a tantaliz-
ing parallelism and intimate association between cortex and
brainstem; in methodology it is an intrique of delicate
reactivity and refined technolcgy; and in results it is a

tangle of tales from the jaded and jubilant.

* The idea of attempting to determine whether different sen-
sory modes were "differentially obtunded" during SO hasn't
been proposed since 1830.
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The following summary of respiratcry control is a useful
oversimplification to help clarify the rationale cf various
research strategies. It is based on reviews by Fhilligson

{1978) and Sullivan (1980).

Respiratory control can be exercised by either of two ma-
jor control systenms. The autcmatic (metabolic) center in
the brainstem responds homeostatically to central and peri-
pheral chemoreceptors that are sensitive to carbon dioxide,
acidity and oxygen and also to chest wall mechanoreceptcrs.
The voluntary (behavioral) system, mairly of cortical cri-
gin, allows the breathing apparatus to be used for non-res-

piratory purposes.

Unless respiratory pathology or exhorbitant oxygen demand
supervenes, it is changes in carbon dioxide and acidity (via
the intermediate carbonic acid) that determine basic respi-
ratory control by the automatic system.* Increased carbon
dioxide and acidity stimulate the respiratory center to pre-
duce deeper and/or faster breathing. The increased ventila-
tion and resulting elimination of excess carbon dicxide re-
duces the source of stipulation and the activity level

falls.

* As expressed by one respiratory pocet, "Thus carbonic acid
spreads its protective wings over the cxygen needs c¢f the
kody".
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When the organism is awake and at rest, yet ancther res-
piratory stimulus exists quite apart from operatiocn of the
voluntary system. This wakefulness stimulus, as it is
called (which appears to be of reticular origin), acts di-
rectly cn spinal respiratory neurcns and also increases the
activity level of the automatic control center. As a re-
sult, carbon dioxide is kept below the concentration that
would activate an increase in ventilation.* 1Its effective-
ness is most dramatically demonstrated by patients who, bhe-
cause of defective automatic contrcl, stop breathing when

they fall asleep (Sullivan, 1980).

When the organism falls asleep two main changes cccur.
First, loss of the wakefulness stimulus results in decreased
ventilation and a subsequent rise in carbon dioxide concen-
tration. Second, the sensitivity of the automatic control
center to carbkon dioxide is reduced so that greater concen-

trations are tolerated without ccmpensatory activity.

An increase in the partial pressure of alveolar carbon
dioxide that closely tracks EEG changes at sleep conset has

recently been confirmed. Naifeh and Kamiya (1981 used min-

Expanding on the previous footnote, the wakefulness stimulus
has even bigger wings.



29

imally intrusive measuring devices in a design that
controlled for possible effects of habituation to the labo-
ratory setting and incorporated an awake but supine control
group. Using individual breaths as the scoring epcch, and
sampling carbon dioxide at the end cf each expiration, they
observed that transient stage 1 activity was always preceed-
ed by or simultaneous with carbon dioxide elevations. Al-
veolar carbon dioxide was also significantly higher in a
within-subjects comparison of stage 1 ccmpared with stage W

subject means.

In this same experiment Naifeh and Kamiya oktained simi-
lar results measuring relative amplitudes of thoracic (T)
and abdominal (A) excursions. Both higher TA ratics and in-
creased alveolar carbon dioxide were associated with breath
epochs scored as stage 1. Ccncern with the relative thora-
cic and abdominal contributions to respiration is a domirant
tributary in the cascade of controversy about changes in the
form of breathing that are reported tc cccur with reduced

ventilation during sleep.

Changes in the amplitude ratio have heen reported since
Mosso's (1878) experiments with human and animal subjects.
His results were supported by Shepard (191%); both found
larger abdominal contributions to ventilation during wake-

fulness and thoracic preponderance during sleep.



60

In contrast, Piercn (1913) fcund the opposite in 6 of his

10 subjects, all of whom were female.*

Reed and Kleitman (1926) did observe a reducticn in akdo-
minal movement during sleep, but lower thoracic excursions
were often observed as well. An increase in the TA ratio

was observed in only half of the 30 trials on 9 sukjects.

Magnussen (1944) made pneumcgraph recordings of 6 sub-
jects during spirograph and non-spirogrpah sessiocns. He
found frequent episodes of decreased breathing amplitude at
SO but no lasting changes in the prcpcrtion between the two

kinds of respiratory movement.

Goldie and Green (1961) presented examples of YA altera-
tion associated with EEG changes in arotsal, but no details

about subjects or procedures.

A decade later Timmons et al (1972) also reported this
association during explicitly stated conditions. During
wakefulness 10 of their 11 subjects showed abdominal-domi-
nant respiration. In 93 percent of SO transitions resulting
in alpha loss for at least 10 sec a reduction of abdominal

amplitude was observed. With resumption of alpha fcr 5 sec.

* Is it possible that vwomen of that time, "assumed to be in-
clined to thoracic respiration™ (rg.ossikly learned for cos-
metic reasons with the help of tight corsets) reverted to
uninhibited breathing with the development of sleep?
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abdominal enhancement appeared in 81 percent of the traces.

Liberson and Liberson (1966) noticed a general phasic re-
duction in ventilation during SO. They reported that high
amplitude regular respirations decreased during the first

few seconds after alpha loss.

The pilot study referred to earlier fcund a close asscci-
ation between SO transitions and abdcminal amplitude. Sev-
eral epochs showing alpha trains with gaps were selected for
each subject record. Mean amplitudes were ccmpared, 1in a
within-subjects analysis, for alrha and alpha-loss breaths.
A significant difference vas found with 27 percent of shared
variance. When abdominal amplitude was compared with up
versus closed times of a telegraprh key designed to show pas-
sive behavioral lapse, 39 percent of the variance was shared

between key and abdominal amplitude.

Expiratory time (ET) has alsc been studied as a correlate
of sleep onset. This is reasonable considering that the es-
tablished reduction in ventilaticn during sleep onset (Bu-
low, 1963) <can manifest as diminished volume or decreased
rate. A post-expiratory pause asscciated with disruptions

in cued behavior was seen by Magnussen (1944) during spiro-
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graph recordng and by Mirsky and Cordon (1962) when tteir

sleep-deprived subjects made errors cf omission.

During the pilot study expiratcry time was found to be
non-significantly longer during alpha loss epochs. A deri-
vative variable was then created using abdominal amplitude
(A) with its corresponding expiratory time (ET). When the
quotient A/ET was calculated during SO transiticn epcchs,
smaller A/ET shared 50 and 58 percent of variance with al-
pha-lapse and key-lapse respectively, achieving significance
at the 0.01 level with only 6 subjects. Tabachnik et al
(1981) recorded similar measures during the sleep cf adcles-
cents. Their ET was also ncon-significantly longer (stage 2
compared with stage ¥). But inspiratory time (IT) did ac-
hieve significance. It was used with tidal velume (V) in
the same way as above to yield a significantly smaller V/IT

in stage 2 compared with stage W.

Thoracic amplitude changes weren't closely related tc SO
transitions in eithker the Timmons or pilot studies. But as
SO progressed in both of them "a tcnic decrease in abdominal
breath cycle amplitude and conccmitant increase in thcoracic
amplitude occurred" (Timmons et al, 1972, pg. 173). Follow-
ing an initial abdominal reduction, 9 cf the Timmons sub-

jects showed equality of thoracic and abdominal excursicns



63

by the first 30 sec epoch of stage 1. 92 results of Naifeh
and Kamiya are consistent with those cof Timmons. Sampling
1 to 5 min epochs containing SO transitions, Naifeh and Ka-
riya found both intra-subject increases in TA ratio during
EBG-defined SO as well as a sigrificantly higher group TA
ratio in stage 1 compared with stage W. The present au-
thor's pilot results were marginal, raxrtly because of tigh
variability. Epochs that were scored alsc contained shorter
durations cf alpha loss than those of Naifeh and Kamiya.
Maximum TA ratios didn't occur in the pilot study until al-
pha-loss had continued for several breaths. In terms of
ventilatory responses, decreased abdominal amplitude relates
to loss of the wakefulness stimulus whereas TA ratio change
may result from eventual responses of the autcmatic systenm
to increased carbon dioxide tension with differential inrer-

vation of the breathing musculattre.

Sex differences may account for scme experimental discre-
pancies in TA ratio change. The Timmcons groug, whe had one
female among their 11 subjects, found larger TA ratios after
SO whereas Pieron found the opposite in € of his 10 subjects
- all female. Four of eight subjects used by Naifeh and Ka-
miya were female. Compared with resting awake measurments

of male subjects, their alveolar carbon dioxide tensicn was
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lower and their TA ratio higher. An analysis of respiratory
measures by sex is definitely indicated. And although mea-
sures used in the present research can make no sgpecific det-
ermination of differential sensitivity or neural control,
well-documented results may contribute to the more thorcugh
examination of sex differences urged by Sullivan "particu-
larly in view of male predcminance of some disorders of
breathing, and the known respiratory stimulative effects of

progesterone”™ (1980, pg. 235).

The availakle literature suggests that respiratory chang-
es could be used to score SO transitions, at least in those
subjects who exhibit them prcminently. A reduction in ven-
tilation over 1-3 breath cycles and an increase in expirato-
ry time, both most easily seen in the abdominal trace, ac-
companies alpha-loss periods. 1f the alpha 1loss is
prolonged, thoracic amplitude increases, giving rise to a
significantly larger TA ratio. A large abdominal excursiocon
and prompt resumption of waking respiratory values accomfpany
the return of alpha. The present research used mercury
strain gauges and procedures adcpted by previous investiga-
tors. But it examined the change of respiratory variakles
relative to changes in two behavicral variables - passive
lapse and vigilance performance - as well as in relaticn to

EEG dynamics.
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Huscle Activity

The electromyogram (EMG) has fcund some application in
performance studies to indicate and warn against lowered vi-
gilance (Kennedy and Travis, 1941). It has also been used
to monitor decreases in muscle tonus attained as a result of

various relaxation methods (Sime and DeGood, 1977).

In sleep studies EMG is most wuseful in defining one of
the parameters of a REM period - greatly reduced muscle to-
nus. The first attempt to measure decreasing activity in
relaxed muscles as one passes frcm wakefulness into sleep
was first reported by Max (1935) . His results with EFG fron
arm and leg placements were replicated on throat sites by
Berger (1961) and on both throat and chin locations by Hish-
ikowa (1965). All investigators reported that tonic EMG ac-
tivity decreased gradually from relaxed wakefulress thrcugh
sleep onset and into deeper sleep, showing its greatest
change at REM onset. The gradual change in activity cf fas-
sive musculature makes it an urlikely marker for sleep on-

set. EMG was not used in this thesis research.
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EXPERIMENT ONE

Among the spontaneous behaviors mconitcred during SO, cnly

one passive measure has been used - the spoocl drop of Elake

et al (1939). As reported previously, both the Blake grcup

and the summer pilot results show a behavioral lapse shortly

after alpha loss. Experiment one included a replication at-

tempt and addressed many related gquestions:

1.

How do alpha dynamics and peripheral [physioclcgical
measures vary with a passive behavioral indicator of
sleep onset (Analysis I, below)?

Do the correlations between physiclogical and Leha-
vioral measures referred to in analysis I vary appre-
ciably with alpha abundance, or can they be general-
ized to all young adults regardless of alpha
abundance (Analysis II)?

How do various dependent measures vary with alpha
level (Analysis III)?

Is there a 1low variability of latency bLetween alpha
loss and behavioral lapse within and between subjects

{Analysis 1IV)?
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5. Do physiological (especially respiratory) changes as-
sociated with alpha 1level vary with sex or are they
non-specific measures of sleep onset for all ycung
adults (Analysis V)?

6. How does a subjective measure of sleepiness vary with
session time and objective indicators of sleep onset

level (Analysis VI)?

A consideraticn of these guestions +%as included 1in the
first of two 90-min polygraph sessions. In order toc comkine
behavioral, subjective and physiclcgical measures in the
same experimental session a minimally stimulating tehavicral
indicator was designed in an attempt to reduce the impact of

sensory feedback on subjective judgements of sleepiress.

METHOD

Subjects

Volunteers for two 2-hour pclygraph recording sessicons
were obtained in response to various forms of advertising on
the university campus and as a result of referrals by former
subjects. Arplicants were ycung adults ranging in age ltet-

ween 19 and 39 years. By self report they were in gocd
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health and had neither sleeping difficulties nor any hearing

impairment.

Volunteers were encouraged to select their cwn experimen-
tal days - preferably adjacent dates - and a starting time
likely to favor rapid sleep onset. Their chosen starting
time was constant for both days. Because of the possibility
that variations in hormonal level might be a factcr in the
variability of data obtained from female subjects, females
were scheduled during the luteal phase when their hormcnal
levels were likely to be high and stable. (For non-cycling

females, all pregnacy and "pill days" are luteal days.)

Apparatus and Neasurment Instruments

All physiological measures were recorded by a Grass Model
VII polygraph aided by three auxiliary devices:

1. A General Radio Company 1952 Universal Filter used as
a bandpass filter prior to integrating frequencies in
both the theta (4-7 Hz) and alpha (8-13 Hz) ranges.

2. A Grass model 7P10B pclygrarh integrator to provide
1-sec integration values of filtered theta and alpha
activity.

3. A Model U4 Vetter FM recording adapter to transform
analog polygraph data tc FM for storage on magnetic
tape, then back again for filtering and processing of

different frequency bands.
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Continuous output from a Marietta model 24-21 white ncise
generator was delivered through a speaker located cn the
floor about 1 meter below the subject's head. Sound inten-

sity measured from that distance was 48 4B (A).

Passive behavioral lapse was monitored with a modified
telegraph key. Spring tensicn was adjusted so that a very
slight upward (extensor) tension was needed tc avoid switch
contact by the third finger of the preferred hand. Loss of
muscle tension at sleep onset initiated contact, generating
a continuous signal on both the original chart and FM tape

until the finger was lifted.

Monopolar EEG was obtained from C-Z and 0-2 sites* of the
Jasper 10-20 system (Spehlmann, 19817). These active elec-
trodes were referenced to linked ears, and a mastoid ground
was used. EEG was monitored by gold cup electrodes filled
with Beckmann electrode adhesive jfaste and held in place
with tape or an elastic bandage over gauze pads. Electrode
pairs were checked with an impedence meter to insure a re-
sistance below 10,000 ohms. Beth of the EEG preamplifiers
were externally calibrated with a wave generator at a sensi-
tivity of 25 microvolts per cm, peak to peak. A time cons-

tant of 1 sec and 1low pass filtering at 75 cps was used.

* These correspond to the vertex (C-2Z) and the right occipi-
tal region (C-2).
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The 8-13 Hz output from bandpass filtering of 0-2 was
cumulatively integrated over 1 sec reset intervals. To pre-
pare for subsequent analyses, raw C-Z, O0-2 alpha and inte-

grated 0-2 alpha were FM-transformed and recorded on tarpe.

A bipclar EOG was recorded from the cuter canthus cf each
eye at a sensitivity of 0.2 millivolts per cm. DC output of
eye movement activity allowed SEM to be distinguished from
the comparatively shorter and w®more rapid saccadic mctions
that sometimes occur with closed eyes during the early part
of a recording session. EOG was monitored with miniature
silver/silver chloride electrodes filled with Beckman elec-

trode electrol yte and secured with electrcde ccllars.

Thoracic and abdominal breathing components were recorded
with Parks Electronics mercury thread strain gauges about 25
cm long. These were powered by a 6 veclt DC generator and
balanced into the DC preamplifiers with wheatstone bridges
using adjustable potentiometers. In use, exrpansicn cf the
chest wall and abdomen stretches the silastic tube, and the
resulting decrease in the diameter of the mercury capillary
increases its resistance to an applied current. Prior to
recording sessions both gauges were calitrated sc that egual
stretch produced equal voltage change at the gclygragh am-
plifiers. (Linearity of performance was also observed over

their normal operating range.) Gauges were then stretched
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to 30 cm and taped in place at the level of the third inter-

costal space and at the level of the navel.

The measuring instrument used to provide subjective depth
reports of alertness-sleepiness level was the Stanford
Sleepiness Scale (SSS) reproduced below.

1. Peeling active and vital; alert; wide awake.

2. Functioning at a high level, but not at peak; able to

concentrate.

3. Relaxed; awake; not at full alertness; responsive.

4. A little foggy; not at peak; let down.

5. PFogginess; beginning to lose interest in remairing

awake; slowed down.

6. Sleepiness; prefer to be lying down; fighting sleep;

Wwoozy.
7. Almost in reverie; sleep conset sccn; lost struggle to

remain awake.

Procedure

A day or two befcre the first sessicn prospective sub-
jects were given an instructicn sheet. This contained a re-
quest to avoid stimulants for at least six hours before
scheduled sessions. It alsc contained a copy of the Stan-
ford Sleepiness Scale and a rating sheet. Volunteers were

asked to rate and record several SSS values befcre their
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first session and to return the rating sheet when they ar-

rived for experiment one.

As part of a general orientation to recording sessicns,
and immediately before they began, subjects were reminded
that their individual contributions were valuable aids in
clarifying and extending the SO literature. Special empha-
sis was placed on the need for an accurate reccrd of events
and patterns as they actually transpired. 1In particular, it
was stressed that the telegraph key closure was to be a pas-
sive lapse; it was not to be emitted in response to a per-
ceived cue. Subjective reports were, in like manner, to
correspond to perceived sensations, not to anycne's precon-

ceptions or expectations.

While subjects were prepared for pclygraph recording the
purpose of electrodes and transducers was explained. After
EEG and ROG electrodes were applied the subject assumed a
comfortable supine position cn the bed in the electrically-
shielded subject chamber. Respiraticn gauges were then
taped in place and subjects were cautioned not to move their
arms or roll over during the session, as such movements
tended to disrupt the recording and necessitate recalitra-
tion of the circuitry. Lights were then dimmed and eye

movements were calibrated by having the subject fixate al-
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ternately on two LEDs positioned on the ceiling at a visual
angle of twenty degrees. Subjects were then instructed cnce
more to refrain from deliberate key closure and to give an
SSS number, when called by name, that ccrresponded to their
perceived level of sleepiness immediately before hearing the
report cue. While making final polygraph adjustments the
experimenter provided practise trials for subjective repcrts
and opportunities to test the behavior-lapse Kkey. Before
closing the door of the subject chamber, volunteers were as-
sured of a secluded experience that would be interrupted
only by the anticipated protocol of the experimental design.
Subjects were also informed that a microphone adjacent to
the bed allowed communication with the experimenter at low

volunme.

During the session SSS reports were solicited by either
interrupting the white noise or calling the subject by name.
Numerical replies to SSS cues were written directly on the
chart, centered on the peak of the previous breath cycle.
If at any time a report wasn't given within & sec from cue
subjects were repeatedly called by name until a reply was
obtained. Because recording episodes of sleep onset was of
paramount importance communication with the subject during

experiment one was minimized. As a consequence cf this (and
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also of the experimenter's tendency tc become engrossed in
the unfolding record) subjective reports were often not ob-

tained, as planned, from each third cf the sessicn.

Data Scoring amd amalysis

The original chart, recorded at 10 mm per sec, contained
event markings representing key position, raw EEG frcm C-Z
and 0-2, 1-sec integrations of 0-2 alpha, a DC ECG trace and
DC thoracic and abdominal breathing reccrds. Tape reccrd-
ings contained FM-transformed signals of the event marker,
raw C-2, 0-2 alpha and integrated ©6-2 alpha, all on one
channel, and direct audio input frcm the subject chamber cn
the remaining channel. From the tape was produced a second
chart containing event marks, 0-2 alpha, integrated 0-2 al-

pha, C-Z and integrated C-Z theta.

The first chart was used to measure excursions of inte-
grated 0-2 alpha, assess the presence or absence cf SEM, to
determine respiratory components of both derivations and to
score 1-breath epochs with respect to the level cf the event
(key up or closed). A secticn c¢f one such chart is repro-
duced in figure 1. The second chart was used to assess the
presence or absence of alpha activity (scored blind as de-
scribed below), to score latencies between alpha and event
marks and to measure excursions of the integratcr recording

C-Z theta. See figure 2 for an example.
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Defining conditions for the purposes of this thesis are

as follows:

1.

Scoratle alpha-loss events were periods during which
the filtered 0-2 amplitude fell below 15 microvclts,
peak to peak. To avoid sccring numerous momentary
interruptions of alpha trains and periodic sections
of amplitude modulations that fell below 15 micro-
volts, only alpha depressions in excess of 2 sec were
scored . *®

Scorable SEMs were defined as excursions greater than
the equivalent of a 20 degree visual angle lasting
0.5 sec or 1longer. A deflection whose duraticr or
amplitude was less than criterion during one breath
cycle did not qualify unless it was imbkedded in a SEMNM
train flanked by scorable SEM in both adjacent Lreath

cycles.

To determine how dependent measures varied with the beha-

vioral variable, scoring epochs were chosen in the vicinity

of a sustained behavioral lapse - which was invariakly ac-

companied by a prolonged alpha lcss - so that data could be

gathered before, during and (vhen possible) after the beha-

* Only one subject cculd nct be scored in this way.
Distinct, rhythmic alpha remained even at 10 micro-
volts; this was therefore ccnsidered as the limiting
amplitude.
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vioral change. Tc prepare for these analyses several
scoring periods of 1-2 pin that were free of artifacts and
that contained one or more sustained (15-60 sec) key cle-
sures were first selected fron representative sections of
the subject's first chart. When the correspcnding places
were approximately located on the subject's second chart,
all areas of that chart except the filtered alpha trace were
covered so that alpha could be scored tlind intc segments

judged present and absent.

To determine the relation of key level with alpha dynam-
ics and other physiological variables, vectors cf data were
gathered at each breath. The fcllcwing information was ta-
bulated for each breath cycle during which the key was con-
tinually up or closed. TIf both key levels were present dur-

ing a given breath cycle, data for that breath were igncred.

1. Observation number.

2. Key, scored as up (-1: "awake") or closed (+1: T"as-
leep") during the breath.

3. 0-2 alpha, scored as present (+1) or absent (-1) for
at least 50 percent of the breath. |

4. SEM, scored as present (+1) or absent (-1) for at

least 50 percent cf the breath.
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5. Average value of 0-2 alpha integrations (intAL) dur-
ing each breath.

6. An identically calculated value for integrated C-Z
theta (intTH).

7. Thoracic amplitude {THOR) frcm peak of inspiration to
trough of the previous expiration.

8. Abdominal amplitude (ABD) as above.

9. Abdominal expiratory time (ET) from peak of inspira-
tion to the start of the next inspiration.

10. SSS rating ,when available, and time of coccurrence.

Two derivative variables, ET/ABD and TA ratio, were generat-
ed by the SPSS program used to analyze each data =set.
ET/ABD was determined as indicated - the ratio of expiratory
time to abdominal amplitude. In an attempt to avoid nega-
tive TA ratios, these were calculated in the manner of Nai-

feh and Kamiya (1981) as (3xTHOR - AED) , (THOR + ABD).

In the presentations to follow, =statistical tests of de-
pendent measures were prepared by sampling several observa-
tions at each level of an independent variable and calculat-
ing a mean value at those 1levels for each subject.
Individual subject means at each level of the independent

variable were then compared with repeated measures Analyses
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of Variance (ANOVAs) to determine whether the difference in
group means was significant with respect to an arbitrary

confidence level.

The above procedure entails minor violations to ANOVA as-
sumptions. Individual observations centributing to subject
means were not independent. And because subject means were
determined with an unequal number of observaticns, individu-
al subject variances were different. The chief concern for
this thesis was avoiding a type 1 error. Therefore, as a
precautionary measure, in view cof these violations, a rela-
tively conservative confidence level of 99 percent was used

throughout both experiments.

Analysis I: Key level and physiological measures.

For each subject mean values c¢f each variable when the
key was up (behaviorally awake) were compared with those in
which the key was closed (behaviorally asleep). A within-
subjects ANOVA was used with these subject means to test the
predictions summarized in the review and supported by a pi-
lot research: that key lapse would be associated with signi-
ficantly more SEM, 1lover values c¢f integrated 0-2 algha,
higher values of integrated theta, 1lcwer abdominal ampli-
tude, longer expiratory time, higher TA ratio and increased

ET/ABD.



Apalysis II: Interaction of alpha abundance and key lev-

Among the many reasons for conducting this research was
to compare high alpha subjects with low alpha subjects to
determine differences, if any, in how dependent measures
changed with levels of the behavioral variable. Such a test
is unreported in the literature. It therefore seemed impor-
tant to test the hypothesis that alpha abundance would nct
interact significantly with a behavioral criterion of SO.
If, in general, the same relations between peripheral fhy-
siologial variables and the behavioral criterion obtained in
subjects with lower as well as higher alpha abundance, then
use of this behavioral indicator would be justified for sub-
jects who didn't produce abundant wakeful alpha (for whom
the use of alpha dynamics is difficult or impossible). For
the purpose of this and subsequent analyses, 70 percent al-
rha time during the first few (wakeful) nminutes of a sub-
ject's session was chosen as the lower toundary of the tigh

alpha category.)

A 2x2 ANOVR with key and alpha abundance as independent
variables was chosen to evaluate the presence of a signifi-
cant behavioryalpha-abundance interacticn with respect to

each of the dependent variables.
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Analysis III: Alpha level and dependent measures.

An analysis identical to that of analysis I was performed
using visually scored 0-2 alpha as the independent variable
and all other measures (excluding integrated alpha) as de-
pendent variables. The same predicticns were made, and

again, only high alpha subjects were used.

Analysis IV: Latency from alpha loss to key closure.

The previous analyses focussed on selected 1-2 min scor-
ing periods. To investigate the latency between alpka loss
and key closures, all scorable alpha losses maintained with
an accompanying key <closure of any length were included

wherever they occurred during the entire session.*

Mean latency data from alpha loss to key clcsure were
first determined for each high alpha subject and then aver-
aged across subjects. Data were then subjected to post-hoc
scoring to minimize a possible carryover effect on latency
from prior key closures. With this intent only those alpha/
key conjunctions were scored that fcllowed previcus key cloc-

sures by more than 10 sec.

* If alpha reappeared for 2 sec in an extended stage 1 re-
cord this 2 sec break was considered tc delimit separate al-
pha-loss events.
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Analysis V: Interactiom of key level and sex.

—— — v ——

Because of the uncertainty akout sex differences in res-
piratory changes a 2x2 AKOVA was G[planned on the original
Analysis I data sets with alpha level and sex as independent
variables. In order to obtain a larger number of subjects,
and because most high alpha subjects were males, key level
was substituted for alpha level. In view cof results fronm
the preceding two analyses this substitution seemed reason-
able. SE¥ and EEG variables were not expected to show s=sig-
nificant behavior/sex interactions . No definite prediction
could be made about whether interactions would te found for

respiratory variables of females in the luteal phase.

Apalysis VI: SSS rating level as a function of time and
condition.

A separate analysis was planned to determine the relation
of SSS ratings with both polygraph pattern and with session
time. SSS ratings were assumed to be equal-interval for ap-
plication of a parametric test. It was predicted that 5SS
rating would show a significant trend with poclygraph pattern
(key up, key up with SEM and key clcsed) but not with tinme
(successive thirds of the session). In order to make maxi-
mal use of the sparse data obtained, and in view of the
strong relation between key and alrha shown by analysis III,
key levels were considered as equivalent to alpha levels for

this analysis.
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A 3x3 ANOVA was planned with repeated measures cn toth
. time and pclygraph pattern to test the predicted significant
increase of S$SS rating across [folygraph patterns (condi-
tions) , the lack of a significant trend across time, and ab-
sence of a significant condition/time interaction. The
paucity of data dictated reducing the analytic design to a
2x2 ANOVA - first and second halves of the session and key

up vs key closed.

To optimize clarity and cohesion, discussicps accomfpany
results of individual analyses as they are reported. Addi-

tional discussion follows at the end of each experiment.

One of the twenty people who vclunteered for these two
sessions reported discomfort during experiment one and
showed no objective signs of entering stage 1 sleep thrcugh-
out one hour of recording. This subject withdrew from
further participation and his pclygraph record was not

scored.

Recording sessions lasted from 46 to 166 min with a mean

of 91. Elapsed time frcm closure cf the subject chamber to
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the first 30 sec epoch of stage 1 sleep varied between 3 and
53 (average 21) minutes. The mean latency to the first ap-
pearance of stage 1 for all-night recording sessicns is 12

min. (Agnew and Webb, 1971).%

Four sukjects did not contribute data to analyses I. EEG
records of two subjects indicate membership in the 5 percent
of the population for whom alpha is nct the dominant waking
frequency. They were both beta fprcducers w%ho occasionally
showed sporadic alpha activity, often when they were beha-
viorally asleep. Their pclygraph records were held aside
and included among comparison records in the analysis III

test for an alpha-abundance/key interaction.

Two other subjects were excluded fros analysis I Lkecause
they didn't prcduce key lapses. When asked about this, one
mentioned having cultivated the ability to "lock"™ his tedy
in place whereas the other's hand was positioned in such a
way that loss of muscle tension could not result in key clo-
sure. Both claimed to have nodded off cr napped during the
session at times when EEG stage 1 sleep was present (alpha
lost with 1low to moderate vcltage theta and recognizable

vertex waves).

* This is the mean value of sessions 2 and 3 that began in
the evening with preparations for undisturbed all-night re-
cording.
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It was generally unnecessary tc adjust the tensicn cf the
telegraph key. Subjects were able tc adcpt comfortable jux-
tapositions of hand and key that were sensitive tc loss of
muscle tensicn. In retrospect, =svurprisingly few difficul-
ties developed during experiment cne. Orne subject exhilbited
several myocclonic jerks and seemed unable to assume the ori-
ginal orientation of hand and key, which is fairly critical.
This was solved by taping that subject's finger to the key.
Intentional loss of contact to rest the hand (with sulbse-
quent forgetfulness and sleep onset) was alsc discovered.
These incidents were easily detected by alerting the subject
whenever several minutes of stage 1 sleep appeared without a
key closure. In all cases, with excepticons noted alove, the
subject confirmed loss of ccntact with the key and corres-

ponding segments of the polygraph record were not scored.

After several such incidents the experimenter adopted the
procedure of taping the subject's finger in place btefore the
session began. Soon thereafter one subject displayed an ex-
tended key closure without anticipated signs of 1lcwered
alertness in the polygraph record. When gquestioned after
the second such occurrence this subject replied that deli-

berate closure was effected tc hasten the development of
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sleep onset. Instructions were then repeated and the ses-
sion was resumed. Throughout the remaining sessicns of ex-
periment one the experimenter cffered tc tape the subject's
finger in place if s/he had any doubt about maintaining un-
restrained contact throughout the session. Three of the re-
maining eight subjects replied that this would be unneces-

sary and their refusal was affirmatively accepted.

Data scoring was as representative across the recording
session as a given chart allowed. Scme charts provided an
abundance of useful data throughout the session. In other
cases sleep onset was delayed or napping occurred only in
the middle of a session. Whenever possible, though, data
were gathered in continuous 1-2 minute scoring epochs con-
taining sustained (15 - 60 sec) Lehavioral lapses. Ané in
all cases each scored breath furnished data for all associ-
ated variatles. The average record prcvided 100 such data

vectors (range 62-157).

Analysis I: Key level and physiclogical measures

Table 4 is a summary of how physiclogical measures varied
with the behavioral variable near and during SC transitions.
The stated predictions, based on the available literature
and supplemented by a pilot project, were supported by the

results obtained with these fifteen sulbjects.
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TABLE 4

Change in dependent measures at each level of key

Variable Mean and S.D. F (1,14) P Percent of
key up key closed variance

Alpha 0.21 (0.54) =-0.67 (0.41) 56 <0.0001 48

SEM -0.24 (0.37) 0.25 (0.43) 21 0.0004 29

THOR 9.1 (3.3) 9.6 (3.5) 2 0.25 <1

ABD 17.1  (4.9) 13.5 (%.2) 11 0.0C5 15

ET 23.4  (4.5) 24.9 (5.3) 6 0.028 2

intAL 11.6 (5.7) 5.8 (2.2) 20 0.0005 32

intTH 8.7 (3.8) 9.3 (3.4) 1 0.38 <1

TA 0.41 (0.49) 0.69 (0.u8) a3 <0.0001 g8

ET/ABD 1.60 (0.72) 2.34 (1.55) 9 0.009 9

Key closures were associated with significantly less al-
pha activity, greater incidence of SEM, decreased aktdcminal
amplitude, a higher TA ratioc and larger ET/ABL. Neither
thoracic breathing amplitude nor integrated theta (intTH)
changed significantly with 1levels of the key variatle,

though both showed trends in the expected direction.

Because of an unfortunate oversight, values of integrated
theta activity are misleading as written. The electronic
filter used in this study had consideratle "leakage", fpass-

ing some of the activity in adjocinirg fregquency bands. Set
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for a 4-7 cps bandpass, therefore, the resulting theta inte-
gration registered a decrease in level when alpha activity
diminished. This partially offset the expected increase in
level of integrated theta with the transiticn from alpha to
alpha lapse, which tended to occur simultaneously in C-7 and
0-2 derivations. In principle this factcr could be correct-
ed for individual subjects by duplicating the mean amplitude
and frequency cf their wakeful (key up) alpha activity with
a wave generator, integrating its ocutput from the same 4-7
cps bandpass and then subtracting this taseline value frcm

the subject's wakeful theta values.

In terms of individual subject means at each key level,
respiratory measures were remarkably cconsistent. Abdcminal
amplitudes were always lower during key closed periods, and
ET/ABD was always higher. In many subjects these changes
were dramatic and abrupt, tending to accompany key closure
and alpha loss. Figure 1 exemplifies the decrease in atdo-
minal amplitude and also shcows a mcderate increase in expi-
ratory time. With one exception, TA ratios changed to high-
er values during key closed periods, but did =so several

breaths after lapse of alpha and key.



S0

Analysis II: Interaction of alpha abundance and key level

Tests of analyses II and III required provisions for re-
peated measures with an unequal number of subjects per cell
in the between-subjects factors. Data processing was accom-
plished as a series of successive nmultivariate tests trans-

formed for repeated measures (Hull and Nie, 1981).

In analysis TI a test of the keysalpha-abundance interac-
tion was undertaken to determine whether this Lehavicral
change resulted in systematic differences in selected phy-
siological variables that were asscociated with the relative

abundance of wakeful alpha.

The keys/alpha-abundance interaction didn't approach sig-
nificance for any of the dependent variables examined in
this study. This is a fortuitous finding; it indicates that
the key varialkle is an appropriate indicator of sleep onset
in subjects who do not produce abundant wakeful alpha. (of
the two non alpha-dominant subjects studied here, one showed
good agreement of changes in both behavioral and peripheral

physiolegical measures and the other didr't.)
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Apalysis III: Alpha level and dependent measures

Nine of the 19 subjects who ccrpleted experiment one fro-
duced rhythmic alpha activity for at least 70 percent of
their first few (wakeful) minutes. Takle 5 shows results
obtained with these high alpha subjects by using alpha as
the independent variable and its visually determined fpres-

ence (+) or absence (-) as levels cof that factor.

TABLE 5

Change in dependent variables of high alpha subjects at each
level of alpha

Variable Feans and S.D. F (1,98) P Percent of
alpha (+) alpha {-) variance

KEY -0.61 (0.30) 0.55 (0.36) 133 <0.0001 717

SENM -0.15 (0.31) 0.28 (0.32) 17 0.004 34

THOR 8.4 (1.7 9.4 (2.9) 4 0.09 €

ABD 20.3 (5.2) 14.8 (3.6) 13 0.0C7 29

ET 20.7 (3.8) 22.7 (4.0) 14 0.005 7

intTH 10.9 (3.7) 9.6 (3.5) 3 0.13 4

TA 0.20 (0.18) 0.56 (0.27) 24 0.001 4%

ET/ABD 1.12 ((.26) 1.73 (0.46) 1 0.0097 43

Key level was strongly related toc alpha level, and other

physiological measures changed in the expected direction.
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But again, ttoth thoracic amplitude and integrated theta ac-

tivity failed to attain significance.

Unanalyzed but frequently observed were simultaneous in-
ceases in toth alpha activity and abdominal amplitude, most

of which signalled impending behavioral recovery.

Analysis IV: latencies from alpha loss tc key closure

Two latency determinaticns were performed. The original
design provided for the inclusion of any key lapse with an
accompanying scorable alpha loss (with the exception that an
alpha appearance and subsequent loss during a key closure
was ignored). Corresponding means and standard deviaticns

are as listed in table 6

Discounting the first subject, results here are in accord
with those of Blake et al (1938) who fcund that the usual
latency between alpha disappearance and spool drop was 0.5
to 1.5 (average 1.1) sec. The main reason for determining
latencies was to investigate the [possibility that the Blake
group's longer latencies - between 6.5 and 25 (average 14)
sec - might reflect imprecision in the selected task. Cne
subject of the present study alsc had a longer mean latency
compared with cthers, and a correspondingly large standard

deviation, with a range of 1 to 57 sec having nc discernable
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TABLE 6
Latencies from alpha loss to key closure in high alpha
subjects
Subjects latencies (sec) from la tencies re-scored to

alpha loss to key closure avoid carryover effect

cases Means and S.D.s cases Means and S.L.s

1 20 18.4 (15.5) 19 19 (16)

2 29 55 (4.4) 22 6.6 (U4.6)

3 20 4.2 (5.3) 14 5.3 (6.0)

4 22 2.2 (4.3) 8 4.5 (6.7)

5 37 1.0 (2.6) 15 1.7 (2.8)

6 21 0.7 (2.1) 19 0.8 (2.1)

7 24 0.3 (1.8) 14 0.3 (1.4)

8 23 -1.8 (4.7) 12 5.0 (2.1)
Means and cesssescssscnse cecccsemsssne
S.D.s for
all subjects 3.8 (6.3) 5.4 (€.0)

Means and S.D.s
for 2 - 8 cnly el (2.5) Jad  [245)

trend across the session.* This anomalous subject volun-
teered information about being extremely conscientious in
regard to holding the key open as long as possible. With
this one exception, within-subject variabilities were compa-

ratively low as was the calculated lketween-subject variabil-
[

* None of the records show an obviocus trend acrcss the ses-
sion when latency is plotted against time.
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ity. It can therefore be concluded that the key indicator
is reascnably precise within sukjects and reproducible
across subijects. Perhaps the unusually longer mean latency
(and larger standard deviation) reflects added influence
from subject variables - greater mctivation? - that extended
the performance beyond normal 1limits, thereby resulting in

more variable as well as longer latencies.

Negative latencies - key closure sustained until alpha
loss - were most prevalent in subjects with the lcwer mean
latencies. The records of subjects 5 - 8 contained upwards

of 33 percent negative latencies.

While scoring these conjunctions it was noticed that pri-
or key closures seemed to exert a carryover effect on the
latencies of nearby alpha/key conjunctions, making thenm
shorter and even negative. latencies were then re-scored,
cmitting any conjunctions that fcllowed within 10 sec cof re-
covery from a key closure. This change in scoring prckably
provided the equivalent of a clcser approximation to inter-
trial conditions imposed on the BRlake group subjects, who
were undoubtedly alerted scmewhat between trials to reposi-
tion the spool. As can be seen in the above table, re-
scored latencies are longer but not, as anticipated, less

variable.



Analysis V: Interactiom of alpha level and sex

To determine whether sex interacted significantly with
alpha level, key level was substituted for alpha level and
the appropriate analysis was performed with the 8 male and 7
female subjects of analysis T. Nc significant key/sex in-
teraction was found for any of the dependent measures exa-

mined in this study.

The sex main effect approached significance for abdominal
amplitude F(1,14) = 8, p = 0.014. Re-analysis of the wake-
ful (key up) level shows significantly lower relative akdo-
minal amplitude in female subjects F(1,14) = 10, p = 0.C07,
and a non-significant trend in the same direction at the key

closed level.

Naifeh and Kamiya (1981) repcrted tkigher TA ratics in
their female subjects, as is the case here. Present results
indicate that this arose frcm reduced abdominal breatking
relative to males. Other factors equal, pulmcnary vclumes
are 20-25 percent lower in the female (Guyton, 1966), and
this is reflected in lower breathing amplitudes. What is
not so easily understood on purely anatomical grounds is why
this difference would appear orly in the abdominal ampli-
tude. It is estimated that 70 percent cf the expansicn and

contraction of the lungs is caused by anteroposterior mcve-
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ment of the chest cage (Guyton, 1966), yet males ard females
in this study had indistinguishable mean thoracic breatting

excursions during wakefulness and sleep.

Apalysis VI: SSS rating levels across tise and condition

The intended analysis of SSS with repeated measures cn
both session time and polygraph pattern was defeated because
of numerous missing observaticns in cne or more cells. This
was even the case with the design reduced, post-hoc, tc tuo
levels of each variable - first and last halves of the ses-
sion and key up vs key closed. Separate tests on eachk of
these factors were therefore devised that +would use the

available observations to best advantage.

To prepare for a test of how SSS report changed with ses-
sion length, the chart time of each subject's last SSS rat-

ing was taken as the session length and divided intc halves.

In an attempt to remove the influence of session length
an ANOVA was performed on key level means that were matched
on session half. The converse ccmparison was also made:
session halves matched on the same key level. As a comfpact-
ed predictiocn from the original hypothesis it was expected
that key level would account for nmore difference in SSS re-
port than would session level. Table 7 summarizes results

of these two within-subjects ANCVAs.



TABLE 7

An improvised test of main effects for SSS ratings

variable ccmpariscon ) 4 p percent of
variance

key matched

on halves up closed F(1, 9

5.7 (0.9) 6.5 (0.7) 12 0.0007 23
Halves matched
on key first second F(1,8)

5.2 (0.9) 6.3 (0.6) 14 0.004 37

Both time and condition were important contributors to
SSS ratings. An estimation of the interaction magnitude was
then sought by returning to the criginal 2x2 ANCVA and fill-
ing missing observations in each cell with that cell's mean.
Results ccnfirmed the significance of wmain effects arnd
showed a significant interactionr between session length and
key level F(1,9) = %, p = 0.005. The difference in SSS
rating during the first half of the session (4.6 up vs 6.1
closed) was greatly reduced in the second half when both key

levels were rated high (6.2 up vs 6.5 closed).

A test of physiological variables for similar interaction
of key and session time was then performed. The first and
last SO scoring periods of SSS =subjects were chosen for re-

analysis and a repeated measures ANOVA was performed for
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each varialtle using mean values at each key level from e€ach
scoring period. No significant interaction could be found
for any of these variables. Nor were there significant main
effects for tinme, but integrated alpha tended to be lcwer
and integrated theta to be higher in the late scoring per-

iod.

Lack of significant physiological differences across the
session, in spite of differences in SSS ratings, is not unu-
sual in light of a recent report by Broughton et al (19€82).
Working with narcoleptic and ncrmal control subjects, they
discovered that subjective sleepiness was rated greater by
the narcoleptics in spite of comparalbkle task performance and
EEG-defined level of wakefulness. Significant distinctions
between these groups were visible only ir some components of
evoked potential data. Tt may be the case, therefore, that
S5S ratings reflect, in part, a subject's awareness of the
passage of time, perhaps as a function of physiological

changes that weren't monitored in this study.

ADDITIOFAL DISCUSSION: EXPERIMENT OKE

_—_—— e
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Behavioral lapse and the EEG

The telegraph key served as a reasonakly precise and re-
producible indicator of passive behavioral lapse despite
known (and possibly unknown) incidents during which its 1li-
abilities were manifested. The mcst fregquent sources of po-
tential variability arose from accidental or deliberate loss
of contact with the key. Direct inguiry after extended al-
pha lapse without key closure successfully identified such
incidents, hovwever. And premature (emitted) key clcsures
were easily spotted as anomclous episodes since EEG and oth-

er changes almost invariably precede sustained key closures.

In retropect, though, an EMG record from the extensor of
the third digit would have been a welccme supplement to the
event marker. It could have provided an independent criter-
ion of behavioral lapse and additicral information about the
dynamics of sustained muscle tension near sleep onset tran-

sitions.

The latency from alpha loss to behavioral 1lapse was fo-
cussed upon to the exclusicnr of another latency that could
have been included within the scope of experiment one. The
interval between alpha reappearance and key recovery wasn't
determined; subjects were instructed only to raise the key

whenever they noticed that it was closed, not to do sc as
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quickly as possible. It was generally the case, however, in
agreement with observed latencies between resumed alpha and
"float report" signals (Davis et al, 1938), that subjects

raised the key within two breaths after alpha returned.

Peripheral physiological measures

The progress of research with respiratory variables bhas
been stalked by two ma jor suspicicns: first, that mettods
of measurement alter the outcome; second, that one cr more
sex-related effects contribute tc inconsistencies in the

li terature.

The first of these issues cnce revolved about the techni-
que of spirographic recording, which necessitated mcuth
breathing. This produced distcorticn in the pattern and am-
ount of ventilation (Gilbert et al, 1972). The arrival of
less invasive procedures brought improvements accompanied by
still other drawbacks. Prclonged postural immobility, for
example, 1is required when using mercury thread strain gaug-
es, and use of these devices has generated several research
reports based on supine subjects. The extent tc which a su-
pine position may have produced its own unique respiratory
pattern or injected artifacts into the derendent measures of
this thesis can't be known until scme of the older studies
are repeated with state-of-the-art instrumentaticn (Timmcnhs,

1982).
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The issue of a possible sex differential has not been sa-
tisfactorily addressed. As menticned before, 6 of 10 female
subjects studied by Pieron (1913) gave opposite TA ratio
changes. Reed and Kleitman (1925), who set out to resclve
several inconsistencies, presented mixed results that were
highly variable within and between subjects with nc clear
indication of the socurce of variability. Some studies used
only males, and the Timmons group (1972), who found definite
abdominal decreases 1in close associaticn with algha lcss,
included only one female ir their population of 11, Final-
ly, Naifeh and Kamiya (1981) reported higher resting awake
TA ratios in their female subjects, but without further ccom-

ment.

It was considered a prerequisite of the present research
to minimize sources of sex-related variability by scheduling
female subjects at times of relative constancy. The luteal
phase of the &monthly cycle was selected because it offered
several days of latitude for the convenience of subjects
during which their hormonal levels were relatively constant

and conducive to optimum ventilaticn (Skatrud, 1978).

Comparison of female with male values of each dependent
variable at each level of the behavioral indicator resulted
in the discovery of significant differences in abdominal

respiration. Smaller wakeful abdcminal excursions in fe-
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males can explain the sex difference in TA ratios reported

by Naifeh and Kamiya.

More importantly, no significant interacticn with the be-
havioral indicator was found for any of the dependent mea-
sures. Results of experiment one therefore replicate simi-
lar studies with similar ocutccmes (e.g., Timmons et al,
1972) regardless of the sex composition c¢f research popula-
tions. The present results can alsc provide reference ma-
terial for studies that employ cther independent variables,

including sex-related factors.

A discussion on respiratory mcniteoring would be incom-
plete without reporting the more gqualitative aspect of res-
piratory tracings from thoracic 1locations. Changes in to-
pography with subject conditicn have been described and
illustrated by Lugaresi (1975), Timmons et al, (1972) and
Tusiewicz et al, (1977). Generally ccnfirmed by this study
was the association of a positively accelerated inspiratory
slope with wakefulness, giving a peak-shaped appearance to
the complete breath cycle. After alpha has disappeared the
respiratory trace tended to be dome-shaped with a distinct
negative acceleration of the inspiratory slope. (Whether a
reliable index of sleep onset could ke devised based on gqua-

litative criteria is not explicitly addressed in the litera-
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ture. Varicus authors implicitly extend the possikility,
but don't develop it.) A characteristic flattening of the
inspiratory slope always appears while snoring is audikle.
Extreme flattening and even a paradcxical negative excursion
{with positive abdominal expansion) was observed in four
sessions during sleep apnea episodes of cne subject who does

not appear in this study.

Stanford Sleepimess Scale

Previous results with the SSS have wcven it intc the de-
scriptive tapestry of performance decrements and sleep loss
(Hoddes et al, 1973; Glenville et al, 1978) and sleep ten-
dency (Carskadon and Dement, 1979) . Whether the SSS will be
revised depends largely on its present and potential utility
in clinical and experimental assessments. If a sinmple
self-report measure can succeed in replacing an extensive or

costly procedure, everyone gains.

As reported in this study, the present SSS shows strong
main effects for session time as well as behavioral ccndi-
tion, a limitation not showed by the simpler sleepiness sca-
le of Foulkes and Vogel (1965). Of course the latter study
imposed nc postural requirements and awakenings were made

across an entire night. But a replication attempt could be
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devised that would enable the SSS tc be tested under similar
conditions. If a time effect is still found and if a time/
condition interaction can be demcnstrated for SSS report
level but not for physiological variables, then the utility
of this scale as a simple report measure of sleepiness level
is questionable. Better results might be obtained using a

numerical scale without verbal descriptors.



1CS

EXPERIMENT TWC

Performance on many vigilance detecticn tasks, including
the wilkinson auditory vigilance test, declines across the
session., Among the more robust findings with these tests is
that errors of omission are preceded by indications of re-
duced wakefulness in the EEG. Sleep deprivaticn studies
have demonstrated that performance can be predicted with
peripheral physiological variables as well, and many of
these have been ignored in normal vigilance studies. Furth-
er, the implications of performance decrements across sleep

onset levels have yet to be tested with a signal detectiocon

analysis. Experiment two was addressed to these investiga-
tions.

HETHOD
Subjects

Sixteen of the nineteen subjects who completed experiment
one participated in the seccnd =session. No new subjects

were added.
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Apparatus

In addition to devices employed in experiment one, equip-

ment suitalble for conducting the auditory test was included:

1.

As before, continuous output frem a Marietta mcdel
24-21 white noise generatcr was delivered through a
speaker located on the floor alkout 1 meter belcw the
subject's head. Sound irtensity measured from that
distance was 48 dB (A).

All tones were produced by a Knight model KG 688 wave
generator set at a frequency of 500 Hz and delivered
through headphones located on the flcor near the
white noise source. Tone intensity, identically mea-
sured at the subject's head, was 63 dB (A).

Two interval timers were used: a Hunter Decade Inter-
val Timer, mecdel 111C, to deliver the 500 msec non-
target tone and a Digital Millisecond Timer cagable
of being adjusted to the nearest 10 msec in the range
being used.

Tone deliveries were controlled ty tape loops with a
manual override opticn for selectively presenting ad-

ditional events or avoiding programmed ones.
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Procedure

Subjects were prepared as before for polygraph recording

and informed about the parameters of their detecticn task:

1. Tones would differ only in dvration.

2. Subjects were to report the protable occurrence of
the shorter (target) tone ard make no response to the
other.

3. Tones would appear at an average rate cf 3 rfper min
but range between 10 and 120 sec apart.

4. Fifty percent of these tone events were targets but
their delivery would be randomized to prevent a
tone's identity from being predicted on the basis of

past presentations.

After the application of respiratory gauges and calilra-
tion of eye mcvements, subjects were given an ample opportu-
nity to compare target and non-target tcnes. A practise
period with feedtack was alsc provided that continued until
the subject had both attained 90 fpercent accuracy on 10 suc-
cessive trials and also expressed willingness toc prcceed

with the experimental session.

Changes in both task and procedure were made halfway
through the data collecticn phase cf experiment two. The

first eight subjects were prepared as described above and
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given the task of discriminating a 400 msec target tone frcm
the non- target tone of 500 msec. When it was noticed that
they performed well at reduced levels c¢f wakefulness and
even offered unsolicited reports that the discriminatiocn
task was increasingly easy throughout the session, changes
were introduced in order to make the task more difficrult.
The second group of subjects had a 420 msec target tone and
were given practise trials with feedback until they agreed
to continue with the session. (Practise was nct continued
to 90 percent accuracy.) They then received a & min period
cf adaptation to stabilize their responses tc the target
tone. Following this, additional discriminaticn practise

was given until subjects agreed tc kegin the experiment.

Before the session began subjects were again instructed
to signal only the probable occurrence cf the shorter tcne.
Any vocal response was accepted, and they were encocuraged to

adopt one that required minimal activaticn.

Data Scoring and analysis

Several physiological variables used in experiment one
were recorded at the 1-breath epoch whose peak preceded the
tone. The fcllowing informatior was collected:

1. Observation number.



109

2. Class of response to each tcne (hit, miss, correct
rejection or false alarm).

3. Sleep stage (W, 1 or 2)* based on the EEG traces cur-
ing the four seconds immediately prior to tone fre-
sentation.

4. SEM activity, measured as before, but evaluated cver
the same 4 sec interval.

5. Integration values for alpha and theta measured dur-
ing the 1 sec prior tc¢ tcne cnset.

6. Respiratory values determined as before (except fecr
expiratory time and ET/ABD which were eliminated to
avoid introducing more lag time Letween the tore and

values associated with the nearest breath.

Because of alterations to experiment two, corresponding
differences in performance, among cther indications of dif-
ferential treatment, were anticirated. The most straight-
foreward approach to the resulting data was to carry out the
intended analyses on both groups ccmbined, using single fac-

tor ANOVAs with repeated measures at both levels of the con-

* For subjects who didn't produce abundant wakeful
alpha, stage 1 was scored if one of the EEG traces
contained 3 successive waves in the theta range and
neither trace showed organized fast (alpha or Leta)
activity. Stage 2 was scored for all subjects when
the C-Z trace showed at least one sleep spindle
(13-14 Hz) of 0.5 sec duraticn or cne K-complex cf at
least 100 microveolts peak tc peak since the last
stimulus presentation with no evidence of resumed al-
pha or increases in frequency since then.
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parison. Identical analyses were performed for each sub-
group when they seemed warranted by a comparison of sub-
group means. But 2x2 ANOVAs were substituted when the in-
tent was primarily to detect possible interactions tetween
independent variables and differential treatment. Finally,
unegqual-n ANOVAs were used as needed to test specific ¢dif-

ferences between subgroups at one level of a particular fac-

tor.
Analysis VII: Physiological indicators of performance de-
crements.

On the basis of existing performance studies of normal
and sleep deprived subjects reviewed by Parasuraman and Dav-
ies (1980) and findings of the fpilot study, it was predicted
that misses would be preceded by depressed values of toth
EEG and peripheral physiological variables compared with
their values immediately preceding hits:

1. Deeper (higher numbered) sleep stage rating.

2. Greater SEM abundance.

3. Greatly reduced alpha activity.

4. Increased theta activity.

5. Lower abdcminal amplitude.

6. Higher thoracic amplitude.

7. Larger TA ratio.
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Previous EEG findings focussed on correlates of comissicn
errors. Correlates of false alarms have been reported cnly
in evoked potential studies. If the subject is alert encugh
to emit a response, and that response is incorrect, it might
be anticipated that false alarms wculd show an intermediate

pattern between the two extremes of hits and misses.

Because the main intent was to distinguish each respcnse
category from the others, pairwise within-subject ANCVAs
vere performed to test differences between rhysiclcgical
measures of each focal category.*

Apnalysis VIII:  Vigilance performance as a fumction of
sleep onset level.

A standard signal detection analysis was planned for each
subject. Sensitivity and critericn levels, btased o¢on the
percentage of hits and false alarms, were to be calculated
from responses to tones presented during alpha, alpha-SEM
and alpha-loss periods. Sleep stage (W, 1, 2) was later
substituted when it became obvious that these discrimination
tasks were not sensitive enough for performance tc be dis-
criminable in terms of SEM activity. Unfortunately, sleep
stage was not scored blind with respect to the respcnse

type. But subsequent blind-sccring of segments from eight

* Correct rejections weren't scored because lack of a res-
ponse has no clear implications regarding sleep onset level
of origin.
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representative records agreed to the extent of 85 percent

(range 65-94) with the origimal scoring.

On the basis of subjective flcat reports and decreased
responsivity during these times (Davis et al, 1938), alrha-
loss periods were expected to shcw significantly lower sen-

sitivity.

RESULTS AND DISCUSSION

Traditional vigilance tests ccncerned with performance
decrements typically processed raw data (hit and false alarm
rates) chronologically for several blocks of the session.
The intent of experiment two, however, sas to examine per-
formance as a function of sleep onset level. And although
an alternate analysis across session time might have teen
desirable (as for SSS rating), it was inappropriate. One or
more experimenter interventions occurred in about half the
sessions whenever subjects remained unresponsive for nmore
than five minutes. They were then alerted and conversed
with briefly Llefore the session ccntinued. Interrupting
ctherwise continuous task performance +with rest Ikreaks is
widely recommended to offset performance decrements (Parasu-

raman and Davies, 1982).
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Fourteen subjects provided scoratle charts during exfperi-
ment two. In the analyses tc follow results cf the entire
group are reported first and fcllcwed by a comparison of

subgroups.

Analysis VII: Physiological correlates of performance
decrements

Table 8 presernts means and average standard deviations
for the three focal response categcries cf experiment two.
The table is based on the 10 subjects who provided at least
4 cases to each category listed. It also includes data from
one subject on the key variable. This subject displayed an
unusual facility for falling asleep during experiment one
and agreed to include the behavioral lapse key as a ccmpara-

tive measure with the variables c¢f experiment two.

Pairwise comparisons of hits, false alarms and misses
were performed, as before, via within-subject ANCVAs for
each of the dependent variables. Individual subject means
composed of 4 or more cases were included in the ccmpariscns

of table 9.

Comparing hits and misses.

Table 9 reveals the familiar fpattern of decreased wake-

fulness in comparisons of hits and misses. When all sub-
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TABLE 8

Mean values of dependent variables for the three focal
response categories

Variable Means and Standard Deviations

Hits False alarms Misses
Stage 0.58 (0.36) 0.72 (0.42) 1.28 (0.55)
SEM -0.37 (0.31) -0.54 (0.40) -0.53 (0. 36)
THOR 11.4  (6.0) 12.4 (6.5) 12.5 (6.6)
ABD 17.7 15.0) 17.8 (5.0) 15.0 (3.9)
intAL 8.0 (4.1) 7.5 (3.3) 6.8 (4. 3)
intTH 8.8 (2.0) 9.3 (2.2) 10.7 (2.7)
TA C.56 (0.58) 0.62 (0.61) 0.76 (0.63)
Key for 1
subject -0.41 (0.93) 0.33 (1.00) 0.66 (0.7€)

TABLE 9

Comparisons of dependent variables for hits and misses

Variable Means and S.D.s F(1,12) P percent of
Hits Misses variance

Stage 0.54 (0.35) 1.13 (0.60) 28 0.0002 28

SEM -0.36 (0.35) =-0.44 (0.39) 1 0.4 1

THOR 10.8 (5.5) 11.9 (6.0) 3 0.09 1

ABD 17.4  (4.7) 15.1  (3.5) 13 0.004 8

intTH 10.6 (5.2) 11.9 (4.3) 6 0.04 2

TA 0.52 (0.52) 0.72 (0.55) 13 0.003 4
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jects were combined, values of sleep stage- where W is ccded
zero and stages 1 and 2 are coded accordingly - was the test
predictor of misses. Abdominal amplitude and TA ratic also

distinquished hits from misses.

Similar mean values of SEM can be understood with refer-
ence to the sleep stage from which hits and misses were re-
corded. Hits came predomipately from stages W and 1, wtkile
the majority of misses occurred during stage 2 and late in

stage 1 when SEM activity subsides.

Integrated alpha, determined fcor high alpha subjects, was
also unable to distinguish hits from misses. Correct res-
ponding continued during some alpha 1loss periocds and misses
were sometimes recorded when alpha was present. There were
also systematic differences in inteqrated alpha between the
two component subgroups. High alpha stubjects of the first
group had a mean of 6.3 units during the one sec preceding
misses, which is similar to its mean score during key clo-
sures of experiment one. High alpha subjects cf the second
subject group, who had the harder task, inflated the mean

with their average of 15.6 units before misses.
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Data were also analyzed for compcrent subgrougs cf exger-
iment two. Fer the first subgroup, sleep stage was again
significantly deeper (larger rusmber) before misses than be-
fore hits F(1,6) = 36, p = 0.001, and integrated theta was
significantly higher F(1,6) = 24, p = 0.003. This is in
complete agreement with previously fcund correlates of vigi-
lance detection errors (Groll, 1966; O'Hanlon £ Beatty,
1977; Morrell, 1966; Horvath et al, 1975; Gale et al, 1977).
Lower integrated alpha before misses, however, was non-sig-

nificant.

Sleep stage in greoup twc barely missed achieving signifi-
cance F (1,5) = 13, p = 0.015. Integrated theta didn't dis-
tinguish hits from misses in this subgroup. Performance
deteriorated hefore major increases in theta abundance and

amplitude could be expected (late stage 1 and stage 2).

Abdominal amplitude failed to distinguish hits from miss-
es in the spaller component groups at the 99 percent confi-
dence level, but they did claim 10 and 7 percent (resgec-

tively) of shared variance with the inderpendent variaktle.

Comparing hits amd false alarss.

Dependent measures of this study differed little in com-
parisons between hits and false alarms, whether in the sin-

gle large group or its constituents.
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Comparing false alarms and misses.

As for distinquishing between false alarms and misses,
this was best acomplished, as might be hcped, with the =ame
variables that differed in ccmpariscns of hits with misses.
Compared with their values before false alarms, sleep stage
was deeper and abdominal breathing was shallower before
misses in both the large group and its initial component
subgroup. In the second subgroup abdominal amplitude was
smaller before misses and theta activity greater, but these
changes were not significant. As shown bty tatle 8, however,
false alarms have a generally intermediate wakefulness pat-
tern relative to the extreme differences in dependent varia-

bles when hits are compared with misses.

As reported, physiological characteristics of false
alarms are in no way significantly different frcm those of
hits. Such a conclusion, based as it is on a small sanmple
population and a limited number of dependent measures, can
hardly be conclusive. But it is consistent with the need
for a certain minimum level of activation as a substrate for

emitting a response, whether correct or incorrect.
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Analysis VIII: Vigilance performance as a function of SO
level

Tt will be recalled that a repcrt of percent hits, by it-
self, 1is ambiguous. A low hit rate could be attributed to
the observer's insensitivity or to the use of a conservative
criterion about what constitutes a reportable signal. Ac-
cordingly, comparisons and discussicns of this section are
mainly in terms of p(d), a non-parametric estimate of sen-
sitivity based on the percentage of hits and false alarms.
(Because transforming the small number of false alarms to an
index of criterion level is relatively hazardocus, a similar
non-parametric measure of criterion level was not included.)
p(A) data for all subjects of experiment two were obtained
from a table (McNicol, 1972) and appear in data takle 10 at
each sleep stage. Data for the seccnd subgroup could not be
reported owing to an insufficient rumber of stage 2 presen-

tations.

Treating the group as a whcle, +when p({A) was compared
across stages the anticipated results were obtained. Frcm a
mean of 94 in stage W, p(A) declired to 81 in stage 1. Re-

sults of a 2xZ ANOVA with repeated measures on stage (W vs

1) revealed significant differences for stage F (1,11) = 34,
p < 0.001, for group F(1,11) = 13, p < 0.005, and also a
significant interaction of stage and group F(1,1) = 11, p <

0.008.
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TABLE 10

values of p(A) for each sleep stage

Sub- REK sleep stages

groug

number W 1 2
1 92 95 75
1 94 95 75
1 97 96 €0
1 95 87 67
1 95 87 100
1 g1 77 -
1 99 81 -
1 - 84 60
2 97 68
2 90 73
2 86 60
2 90 73
2 96 82
2 91 -

Five of the first 8 subjects provided 4 or more observa-
tions for determining pecentages of bcth hits and false
alarms in all three sleep stages. Figure 3 shows their rper-
formance compared with the 5 subjects of the second sub-
group, who didr't provide enough data for stage 2 determina-

tions.
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Figure 3: Sensitivity scores for each of the subgroups
across sleep stages. Standard deviation units

are indicated by bracketed vertical lines.
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Group one showed a marked decrease in sensitivity from stage
1 to stage 2. Because of high variability in stage 2 this
p(A) difference was not significant. Group two, for whom
the task was intended to be more difficult, showed an earli-
er and comparable decline in sensitivity at stage 1 F(1,4) =

50, p = 0.002.

In a comparison of groups, mean p(A) values were indis-
tinguishable in stage W. But =sensitivity at stage 1 was
significantly lower for group two F(1,9) =25, p = 0.001.
The groups differed considerably in stage 2 presentations as
well. The first group, who found the discrimination task
easy, logged considerable stage 2 sleep, where 21 percent of
their trials were delivered. Stage 2 trials of the remain-
ing subjects accounted for only 4 percent of their tctal

F(1,13) = 8, p = 0.015.

It seems 1inescapable that sleer onset level influences
performance. Whether sleep onset 1level - rparticularly a
theta factor - is responsible for the frequently analyzed
time effect remains an attractive but still untested hy-

pothesis.
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ADDITIONAL DISCUSSION: EXPERIBEKT THQ

Rate of decrement as a function of stage

—_—— EEEaoa—== =

When the Wilkinson auditory task was employed at the usu-
al discrimination parameters of 400 and 500 msec, it was
judged easy and correct responses were cften cktained from
presentations that wonld have occurred long after behavicral
lapse. But correctly discriminating tetween 420 and 500
msec tones failed much sooner. The discovery of this inter-
action of sleep onset level with task difficulty was a fpro-
vocative addition to results of experiment two. If a dis-
crimination task of greater difficulty is equivalent to one
of diminished signal intensity, and if the time effect is
reducible to a stage effect, then these results contritute
to an unresolved controversy about the rate c¢f performance

decrement across time for signals cf different intensity.

That signal strength affects detection performance in
both visual and auditory tasks 1is well established (Parasu-
raman and Davies, 1982). But it remains inconclusive wheth-
er the rate of decrement is also affected.* Metzger et al
(1974) found that visual signal intensity, operationalized
as degree of displacement, didn't significantly affect the

rate of performance decrement. Adams (1956) observed decre-

* There is evidence that a related facteor - signal duration
- has such an effect (Baker et al, 1963).



123

mental performance on a visual detection task as functions
of both stimulus intensity and duration, but didn't analyze
differences in rate. Lisper et al(1972) studied rate of
response to various intensities of a tcone and 1reported a
significantly greater increase in reaction time acrcss the
session - but conly for the near-threshecld tone. Cne reason
why prior studies are inconclusive is because time is partly
confounded with sleep stage. What is needed is an experi-
mental design with a random series of tcnes differing cnly
in intensity, end a dual analysis: a determination of per-
formance decrement by sleep stage partialling out time, and
a determinaticn by time partialling out stage. It is hy-
pothesized that only the former analysis will show signifi-
cant decrements across stage with the same interaction dis-

covered in the present study.

Performance limitatioms at higher threshclds

When the discrimination task is easy the performance-lim-
iting factor may be a perceptual truncating of the tone. As
one subject mentioned, "Scmetimes I hear only the last seg-
ment of the tone and have to guess". Decreased sensitivity
in stage 2 supports this possibility. As for a mechanisrm to

account for truncating the tone, Elliot (1957) discovered



124

periods of increased auditory threshold during detection
tasks which he speculatively lirked to episodes of drowsi-
ness. It is plausible that the initial few msec cf a tone
is needed to evoke an EEG activaticn - as postulated for the
stimuli of the Fischgold and Okuma experiments - which then

alerts the subject tc the presence cof an event.
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SUNMARY AND CONCLUSICHES

Much of the existing literature pertaining to sleep onset
is largely unsystematic and inadeguately reported. Studies
to date convey an incomplete understanding of tehavior- EEG
relations and little information about correlatiors fbetween
behavioral changes and peripheral physiclogical neasures.
Even less is known about inter-relations of tehavicral, rhy-
siological and subjective correlates of sleep cnset in the
same subject pcpulation., This thesis attempted a comprehen-
sive review of studies relevant tc sleep onset and undertock
investigations intended to:

1. Replicate selected aspects of existing behavicr-EEG

studies.

2. Extend them by monitoring feripheral physiological

and subjective variables.

3. Investigate the generality of sleep cnset measures

across sex and alpha abundance.

4., Attempt a signal detection analysis of decrements in

vigilance performance at selected sleep onset levels.
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Experiment Cne

Blake et al (1939) had used a passive behavicral lapse as
an indicator of sleep onset. Their finding cf a passive
lapse associated with simultaneous or slightly prior loss of
EEG alpha activity was replicated using subjects with akun-

dant wakeful alpha.

Further established by the compariscons of the degree to
which peripheral physiological measures changed with beha-
vioral (key) lapse was the lack cf an alrha abtundance inter-
action with key level. Aside frcm ccnfirming the usefulness
of such a measure with subjects regardless of alpha aktun-
dance, these results suggest that any peripheral measure
that correlates strongly with this behavioral measure can be
used as a general indicator of sleep onset regardless of al-

pha abundance.

Also established, vhen males are compared with females
tested during the luteal phase, was the lack of a signifi-
cant interaction of sex with this passive behavicral lapse
for any of the variables used in this research. This im-
plies that these variables may be equivalently enployed to
monitor the progress of sleep onset in young adults regard-

less of sex.
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A determination of the latency from alpha lapse to key
closure generally replicates results of Blake et al (1939).
Both studies found a ma jority of subjects who exhibited a
passive lapse 1-4 sec after alpha loss and a wminority cof

subjects with a considerably lcnger latency.

Because of faulty data sampling, corclusions about sub-
jective indicators of sleep cnset are tentative. Use of the
Stanford Sleepiness Scale resulted in sleepier mear ratings
for the key closed condition and for the second half of the
session. An interaction was alsc found such that the dif-
ferential SSS ratings between key up vs closed largely di-
sappeared in the second half of the session. A similar test
of objective measures failed to find a significant key/time
interaction for any of the physiclcgical variables used in
experiment one. A replicaticn attempt using more and Ltet-
ter-scheduled SSS reports is strongly indicated to determine
the degree of association of subjective report with condi-
tion and across time. Except for sleep deprivaticn studies
the SSS has noct been compared with objective sleep cnset
changes. If a replication attempt were to reveal the =anme
discrepancy reported above regarding an interaction of ses-
sion time and condition for SSS report but not for physiclc-
gical variaktles, then the utility of the SSS as a simple re-

port measure of sleepiness level wculd be questionackle.
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Experiment Tuo

Subjects who ccmpleted experiment one were identically
monitored during a modified versicn cf the Wilkinson audito-
ry vigilance test administered in sessicn two. The first
eight subjects discriminated the =shorter (400 msec) target
tone of 500 cps from a 500 msec ncn-target tone of the same
frequency. Because of both objective and =sulbjective evi-
dence that their task was too easy, the remaining subjects

had the more difficult 420-500 msec discrimination.

Previcus investigators found errcrs of omission associat-
ed with prior signs of depressed EEG activity, and studies
of sleep deprivation showed depressed values of periphkeral
physiological measures as well. An attempt to correlate
performance on the Wilkinson test with several physiolcgical
variables was partly successful here. For all suljects
misses differed from hits by having a higher-numbered sleep
stage in the four sec prior tc tone delivery, and bLoth a
lower abdominal amplitude and higher TA ratic in the preced-
ing breath cycle. The group with the easier discrimination
also showed more theta activity in the 1 sec preceding miss-
es. No other variables discriminated between these response
categories. And ncone of the variables distinguished hits
from false alarms, whether determined for subgrougs cr for

all subjects ccmbined.



A complete signal detection aralysis was precluded by in-
sufficient data. But a non-parametric estimate cf sensitiv-
ity, p(R), was calculated for all subjects. This measure
decreased from stage W to stage 1 in acccerd with prediction.
When sensitivity data for the twc subgroups were analyzed in
a 2x2 ANOVA, significant main effects were found for toth
sleep stage and task difficulty. An interaction was also
discovered. In stage 1 the group with the more difficult
discrimination showed a significantly lower sensitivity ccm-
pared with their similarly high values in stage W. Group
one, who had the easy discrimination, underwent a similar

sensitivity decrease from stage 1 to 2.

Previous investigators had found sensitivity decrements
on the Wilkinson test when scores were calculated across
blocks or correlated with the extent of sleep deprivation.
Because the present experimental performance cculd nct be
analyzed acrcss time, and because the stated modificaticns
were made to the Wilkinson test, a direct comparison of sen-
sitivity decreases across both time and conditicn could not
be made. But the available evidence is consistent with an
explanation of sensitivity decreases acrcss time in terms of
an erosion of discriminatory capacity with the progress of

sleep onset.
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In a wider perspective, reliance on EEG criteria to indi-
cate functional level was essentially validated by both of
these experiments. Spontaneous lapse of muscle tone and de-
creased auditory sensitivity were both related to easily vi-

sible changes in the EEG of high alpha subjects.

Also noteworthy was the gocd agreement of respiratory
changes with changes in the more primary behavioral and EEG
criteria. In view of their correlations with toth passive
lapse and EEG loss regardless cf sex cr alpha abundance,
further exploration of their utility as substitute measures
of sleep onset and vigilance performance is more than justi-

fied.
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