Effects of Partial Sleep Deprivation on Psychological
Performance and Behaviour
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Abstract

TEN subjects were partially deprived of sleep o
three nights and davs,  ‘They were allowed only four
hours of slecp cach night, Their behavioor and
perlormance on  varions psvehomotor  lasks were
studicd,  These studies were underiaken with a view
to assess the possihle effects onaircrew {rom the point
ol view of operational etlicieney and flight sulety.

The performance showed deterioration under the
eflect of partial sleep deprivation and on sudden
awakening,  The deterioration was evident even on
the morning following the first night of sleep depriva-
tiom, They reporied wvarious subjective complainis
like increased desire to sleep, Jack of concentration,
increased uppelite, ete, With resovery sleep fer 8
hours at night supplemented with 2-3 hours of sleep
next afiernoon, the subjeclive complains disappeared.
The recovery in perfarmance on various tasks aller a
night recovery sleep was variable depending upen the
type of task,

Introduction

Avintivn has been advancing wvery rapidly and
modern alreraft are being desigoed for bigher speeds,
increased attacking pewer and automation to achisve
beiter results in combat. However, in this man.
machine ecomplex, man still remaing (he vital factor
whose psychophysiclogical limiratinnz have to be
catered for in aviation. Iothe modern supersonic
aircraft; a pilot has to react with speed and  precision
which requires the peak performance of his psycho-

physinlogical [unctions.  Any decrement in perlors
mance could be porentially dangerous lowardd [light
sufety, There are many factors which have dele-
Sleep
deprivation is one of these factors which is lmportane
and is known o reduce performance,

teriows cffccts on one's perlormance in llyiog.

Fficets of sleep deprivation on  performance

for varying periods have heen studied by
T, 1T

EELELERY
authors ¥ The results are not wwiform,  The
difference in resulis could be due to differences in
methodologies veed, type ol task and one’ motivation
towards  the task, One may assume that sleep
deprivation deteriorates human  performance but it
always casy to observe il experimental
subjecis.

15 nat

An average, (-8 hours of sleep in 24 hours is
recommended for an individual (o keep him physically
and memally fit, In certain circumstances one ia
unahle to get proper sleep at night and may have to
carry out dutics next day.  Such conditions are not
uncommon in the Air Force. The ellect of partial
sleep deprivation on performance  asswmes great
importance in flying so that [light safety is not jee-
pardised. Therefore, it was decided to study the
cffcets of partizl sleep deprivation on task perfor-
mance and hehaviour., It iskoown that deprivation
of rapid eve mrovement (REM) sleep  produces

more  deleterivus  elfects  compared to the non-
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REM sleep. “Lherefore, in this study the subjects
ware deprived of sleep during second hall of the night
ao that maximum of REM sleep deprivation could
be produced, since most of the KEM sleep occurs
during the second hall of the night. The subjects
were ullovied only & hours of sleep (10 pu to 2 am)
every nipht for three vonsccutive nights and davs

Test Scheduole

The effects of this partial sleep deprivalivn on task
performance and Lehaviour have been studied,

Material and Methads

Ten healihy male volunteers in the age group
of 21-29 yewrs were taken up for the siody, ‘'he
programme of rest schedule in given helow ;

for Subjects

Mo, of days Day

1st b day  Monday to Satuedas

tith dhay Sateday nipha

Tih day Sundey night

Bih ﬂhj—' Muonichiy

rh day Tuesday va
M day Wednesday

l1th day Thursday i
[2th day Friday .
15ch day Saturday

Test schedule and sleep deprivation

Begular practice on tests employed in the study,
Subject stepein the sleep lnhararmry,
Subjject slept in the sleep lshoratory from 10 pmoto
O am with clecteades on, for recording LEG, THOG,
EMG and LKG.
E\{.‘Jllliiig‘ﬂiil‘ill E.'(::r'”l MEance On v ?lr]tﬂ]ﬁ Lesls Was rie=
corded,
Mighr=8lepe in sleep labaratory fram 10 pimta B am,
Whole night EEG recording with ather parmmeters
wis carried out,
Night—Allowed w sleep from 10 pm w 2 am cnly,
FFEG and other paramerers were vecorded during this
period,  Performanee on tests un sudden awakening
wias recorded,  Not allowed to sléep till next night.
Mornipg-perfurnmnee on testy way recorded.,
Night—same schedule as on Tueaday night

— g~
Morning-performance of tests was recorded,
Nighi-lell wight sleep from 10 pm 1o 6am with whele
night recording of FRG along with ather pavameters,

Maorning-—performance an rests was rocorded,

Thair tazk pcrfnrmancc was asscssed on  the
lollowing tests:

{1)  Critical fusion frequency (CFF)

(ii}) Brability of attention test (SAT)

(11} Flight oriented psvchomotor test (FOPT)
(iv} Chaiec reaction time west (CRTT)

(v) Spatial orientation test (SOT)

{vi) Pursuait rotor lest (PRT)

Critical Fuvivn Freguency (CFF)
This test is taken as an index of the psvcho-

T

physiological functioning of rhe body, 'The end poing
where [lickers of light Tused and che individual saw a
steady point of light was taken for senring and svas
L F F owas ascertaln-
ed by using the Flicker Fusion Apparaius made by
Elecironivc Measurements, Bangalare. The apparats
eomstsred of twa parts (i) Control Unit and (i)
Viewing Chamber, The subject looked at the flicker-
ing parch of licht through | em diameter viewing
The Hicker rate was controlled by the con-
trol unit.

expressedl as Hickers per second,

lenses.
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Stabifity of Attention Test { SAT)

This ds a wisual pursuit test where the subject
traces a series of zig-gag lines from their orimin o the
destination without using any pointer,
nmber of lnes eorrectly traced over the total mum-
ber of lineés (12} within a stipulated vime of two
minntes formed the score. Higher the score heuter
the perlormance,

Flight Oriented Psychomotor Tese (FOQPF) : Fig. 1

Subrject had to hight up three poinis on e display
with the help of suck and rudder pedals, according
te the speeified propramine piven to him,  Twenory
such specificd  programmes were given to the subject
andd the time taken w complete each task was cocord-
ed o seconds.  The performance on this 1est involves
comprehension, short wrm moemory, reaction Lime
and visual motor coordination,  The average indivie
dual perlrmance time was caleulated by dividing
the total time taken Tor completing cach sul-task
(each programme) correctly |y the number ol sub
tasks completed correctly, Hipher the score (seconds)
poarer the performance,

Choiee Reaction Time Test (CRIT)

I this test reaction time in milliseconds 1o ran-
dimly presented visoal and auditory  stimuli owas
measured,  Higher the score (millisceconds) poorer
Lhe perlormance.

Fig- 1,

Flight Qrierned MPsvchomator Test

LIRURALBE N Th7 Y

The ratio of

Spatial Qrientation Test ; Fig, 2

Tn this test the subject’s ability to orientate in
space was assessed.  This tesl consisty of o number
of slides depicting an aircraft with  colourcd wing
tips, in different atditudes. With the help of the
colonr code piven in each shide the subject had Lo
tell within three seconds the pesition of the colour
ie , whetber it was on lefl wing tip or the right wing
tip. Sizteen such shides were projected Tor cach
subject.  The ratio of the number of tasks correctly
f-rv_cmp]clr_w.l over the total pumber of tasks Formed

the scare.  Higher the seore better the performance.,

Purswit Roror Fese (PRT)

This is a rracking task where a subject had to
keep in touch u metal stylus with a metal dise
maunted on a rotating tuen table,  Loss ol centact
at any time during the test was recorded asx an
error in the impulse connter included in the circuit.
Average numbaor af errory formed thescore,  Higher
the spore poorer the performance,

Subjects were instructed to abstain fram aleohol
and drugs during the periad of study,  Close contact
was maintained with each subject, His mubjective
feelings and behaviour were noted,

The EEG records were subjected to wisual

Fig. 2,

Spatisl Crientution Test



analysis by two persons. The Epoch scoring system
recommended by the Tnternational Federation fur
Elcetrocneephalography and Clinical Neurophysin-
lopy was followed,

Results amd Discussion

Talde T shows the mean values  of warious basal
performance rest scores on three  suceessive  morn-
ings and aller sleep deprivation, Tt 15 seen that there
i sipnificant performanee deceement after the frst

The deterioration in
performance which is statistically significant is also
observed on dnd and Srd mornings atter partial sleep
deprivation on all tests except CRTT:. Resulls of Lhis
test on subsequent mornings showed a detevioration
bt not large enough to be statistically signilicant,
Other workers " have alwo shown theadverse effeers

instalment of sleep deprivation.

of ane might partial sleep deprivation,  Wilkinson 12
demonstrated the deleterious ellects ol sleep degpriva-
tion fur one night on visual waleh keeping,

TABLF. 1

Mean values ol varivus performance wwests before and alrer sleep deprivarian (AsL)
and the signilicance of their differences {1 = 10)

Mean values

Mt Buasul 1 nwivrn 1 eorn- 111 moen-
we (I ing ASD ing ASD  ine ASD

Ciritival Flicker
Fuasian 336 32.3 3.4 3.4
Stalbailive of
Attention 0,96 0.8 082 (.89
Spatial Orienlation 0,594 0.04 0.92 00
Fursuit Rotor .65 1.%8 |98 & 80
Flight Oriented
Piyehomotor Tew 4.7 hh 55 5.5
Choice Reaction
Time 33 265 246 73

Mean dilferences hetween

1"oat re- ; It & m1

VYT b “.I _ B& -”,' B& -I“. recavery
with-aleen warning marning marning Elinpy
33,3 }. 3 ) N 0.8

0.89 R R L T R =007 0,07

0_9% i), O ~[07% (1.0 {l

1.0 I.10%s [ agnH [ 0,35

4.9 S 0 1M [

227 Jore ks 41 -h

CFFE, 5AT, SOT = Performance Score
FRT =

FOPT, CRTT

Error Score

Performance Time :

Tatle IT gives the mean values of 3 performance
test scores/tinie at basal and on 3 successive nighs of
sudden awakening [rowm sleep. Tt is seen that perlor-
mance ‘of the subjccts an GFF, SAT and FOPT an
sudden awakening on lst, nd and 3rd night of partial
sleep deprivation shows significant deterioration in
all the three tests; I'he degreeof deterioration s more
on sudden awakening as compared to the scores on the
1st, 2nd and 3rd mernings afier the nights of pardal

4

— Deteriorazion; + Improvement

=+ Slgnificant at P =0.001

+ Deterinration ; - Improvement = i P=0.0]

+ Detevioration ; - Improvement % = F=0.105

sleep deprivation. The decrement in performance
on sudden awakening on the [irst nighl was due to
sudden awakening cnly while on 2nd and 3rd nights
it was due 0 combined effect of sudden awakening
and partial sleep deprivation. The time laken lor
the performance on these threo tests after sudden
awakening vavied from 7 to 10 minutes, Therefore,
it can be concluded that the adverse effects ol sudden
awakening in our study lasted for a minimum period

AFTATION METNOINE



T e R, S A,

—_ .

of ¥-11} minutes: This period of low performance
varies. in  individuals depending upen motiva-
tinn, interest in the particular task and the stage of
gleep as indicated by EEG frow which he was awoken.,
Fortand Mills® [ound (hat when sulijects were awnken
from stage 2 sleep there was no consistent variation
in their pedformance whereas uller awakening from
wlagre |, performance declined during the suheequent

eight minutes.

Tahle 111 shows the percentage of basal NREM
and BEM acd the incidence of loss of NREM and
REM in percentage on three successive nights of
sleep deprivation and an average of wtal loss of
NREM and REM sleep (in percentage), Tt is séen
from the table that the subjects had pastial loss of
NREM as well as REM slecp.

TABLE 11

Mean values of various perlormance tests at basal and after sudden awakening [rom
sleep (SAS) und the significance of their differencos (n= 10}

- Meonn valucs of
Feul

Mean differances hetween

Basal () 1 SAS SAS  [LISAS  B&1SAS B& Il SAS B & 111 SAS
Ciritical Flicker Fusion 43.6 31.0 0.7 31.4 TR —2 S ol
Stability of Attention 0.9 0 €6 (.72 0,67 ~0.30" D) e {1,760
lqighr Lhriented = o |
Psy chomaotor Tes 4.7 6.4 6.0 B | e [igsioy L+
CFF & SA'l' = Performance Score @ — Deterioration ; + Lmprovement *#* Significant at I = 0,001
FOPT = Performance Time : + Deterioration ; - Improvement = i = 0.04
¥ 4 P = 003
TARLE 111
Rasal and incidence of loss of NREM and REM slecp after sleep deprivalion
e RHERINRY | TSI AN SRR
Nnrﬁwmﬁnm | NR ELIME]“REM NRE!:.I: mﬂhﬁfm NREle.II Nig?{tEM | ORI IEM
L 81.8 16.2 : 54.8 844 42.3 al.7 43.5 41.7 40,1 47,6
2. 78t 21.6 1.8 2.6 Bl 30.6 52.5 73.6 53.8 58.4
L% 77.7 P 57.1 55.4 35.6 Fh 40,3 3.9 44,5 B+
4, 9.9 201 5.4 G60.0 32.0 0.0 44.7 38.5 0.7 331
5, | 730 270 | 576 | 883 | 439 | 518 51.3 33.1 30.9 63.1
. A 26,5 | 403 ok . 334 V2 348.0 Jo. 4 e | 74.6
e 771 224 347 042 3.3 768 5.3 62, 33.4 7.4
a. e 20.6 | 46,3 59.7 +3.9 6L 8 447 38,5 43,0 G609
9, FLO 21 . 42 2 72,1 12.6 745 289 G4 28:0 8.5
I, 6.9 231 aa.0 Y ) 40.3 45.5 | 565 520 5l 320
|
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On the whele the percentage loss of REM sleep was
maore than that af NREEM sleep. 5o the effects of
partial sleep deprivation vn performance in this study
are due o both NEEM and REM deprivation buat
more of REM deprivation,

Takle IV shows the percentage of hasal NREM
and REM sleep and the percentage ol KR EMand REM
during the recovery night gleep,  On recovery  night
sleep it s seen that out of NREM and REM sleep the
incidence of REM slecp s more as compared (o thal
af batal REM. It meang that after partial sleep
deprivation in which REM deprivation eccurred to a
preater degreeas compared 1o NREM, REM sleep
was more than his basal patern,  This inding iz 1n
agreement with the studies by Dement® and he labelled
it ax REM rebound.,  (Other workers such as Kales et
al,% Sampson,? Dement and Fisher® and Agnew ot all
also reporied similar build up,

TABLE IV
Incidence of NREM and REM sleep in percentage
{Basal and Recovery with sleep)

i B O o SOV ..o SO
1 Bl.8 | 10.2 75.6 24.4
9 784 | 216 g1 | 223
3 7.7 02 3 76.2 238
4 79.4 20,1 F9.8 20.2
] 3.0 27.0 fil) G 39.4
B 73.3 6.5 Mmoo | 300
¥ 7.1 23.9 66.1 33.9
] 04 20.6 | 68.0 520
o i 22,1 2.0 5.0
10 76.9 25, 1 64,8 459

All subjects reported an meorcased desire (o sleep
and thizs desire increused with each night of sleep
deprivation, Feritability, lack of concentravion,
memory lapses, 1hought blocks, headache, heaviness
nf head and [latigue were reported.  Most of the
subjects had an incrrase in appetite. In cerlain

The

subjecty amount of smoking alsw increased.
behaviaural changes on slecp deprivation have been
reported by other workers also. In a differential sleep
deprivation of REM stage conducted by Willinms el
al™ subjects consistently reported  extreme desire to
sleep, irritability, anxiety and increased appetite.

After one recovery nighesleep and 2-3 hours of
sleep next afterncon all of them became free of
their subjective complainls, T he perlormance
an all the tests after the recovery night sleep showed
improvement, On CEFT., SAT, PRT and FOPT the
performance did ot cotne baclk to basgal level though
deteripration which atill persisted was minor and nol
statistically significant, O SCT the recovery was
complete while the performance on CR'I'L shawed
little improvement which was oot statistically signi-
ficant,

Further it rmight be mentloned that at present we
are studyiog the ellects of partial sleep deprivation
based on performance on NRC Stressalyser which
bing been obrained from Canada under the Common-
wealth Advisory Research Comwmittes programme,
The performanceon the Strossalyser consisty of track-
ing task which has various components like reaction
time, error correclion  tme, acquisition tme and
avershoot correction time,  The total response lime is
recorded in seconds and the performance is recorded
on a tape which is decoded later with the help of
a computer and data is obtained. Tn this study sub-
jects were allowed 1o sleep for four hours during
night (2 - Gam ) in twentylour hours and (heir
pertormance on the stressalyser recorded afier the
purtial sleep deprivation. Basal performance scores
were renarded hefore sleep deprivation sad compared
with the scores after sleep deprivation. Tt may he
noled that sleep deprivalion was produced during the
non-REM phase during thess studisy as compared to
the REEM deprivation given in the carlier tests. So
fer no defipite trend in the results has been noted in
these preliminary swdiss, The studies are in progress,

Conclusion

Partial sleep deprivation even for one night
where an Individual slept for 3 — 4 hours only had
its deleterious effeets on performance en tests which
invalved attention, psychomaotor cosrdination, reaction
rime, ability of orientation in space and lracking
abiliry,

Thers was an increase indetertgration in per-
formance an certain tests with lurther pardal sleep
deprivation on two successive nights,
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The dereripralion in performance oa sudden
awakening was significant. It lasted for 2 minimum
period of abont 7 - 10 minutes after sudden awakening.

The suhjects developed sbjective complaints like
increased desire to sleep, lack of concentration, n-
creascdl appetite ere,  These subjective complaints
disappeared with one night recovery sleep and 2 - 3
hers of sless next alternoon,

The recovery in performance on the tests after
one night of recovery sleep was variable. No sigmbi-
canl deteriaration pevaisted on any test.

The tests emploved in this study were sensitive
enangh (o measure decrement in performance under
the effects of portial sleep deprivation and sdden

awnlcening,

Recommendations

[t iy degivable thut u (yer who has not been ahle
to have proper sleep  during  uight and docs nol feel
fresh in the morniog, does net undertuke flying for
the day.

Airorew should be indoctrinated periodically Lo
ke them aware of the deleterious eflects of parrial
sleep deprivation and sudden awakening.
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