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Hypoxia indoctrination in the altitude simulator - A new approach

We Cdr Navin Rattan,
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Inductrination of aircrew on the effects of acute hypoxia in a man rated decompression chamber B
standard practice is most Air Forces the world over. Ln the IAF the practice involves ascent to 30,0000
ft. simulated altitude and demonstration of manifest psychomstor pecformanee decrement in e
form of a deterioration of a given handwriting task. This practice has numerous pitfalls and suffors?
friom lack of objectivily, is unrcalistic und has o poor test job correlation, A new compuoterised flight
oriented performance task (FOPT) has heen developed at LAM for indectrination of aircrew, The Lm:f
measures performonce changes by a scoring svstem of seven fMight parameters of o subjeet while
being exposed to simulated hy poxin, The scores obtained at altitude are compared with the mean illll]g
sD scores ohtained at ground level, The test has been administered to 11 subjects at 30,000 fi. alie
tude. The degree of deterioration using this task has been ascertained and compared with the hiﬂlﬂ'i-
writing task deterioration. The results are discussed.

Keywords: Flight perfarmance task, psychamuotor performance, airerew training,

ston of the pressure cabin, | 6% were due o teguls
roor el Function, 4% were due to miscellanzol
causes and 3% of the causes were unkoown,

Inade induced hypoxia 15 an ever present

potential threat in flyving and constant

awarcness and vigilance on the part of the
piled 15 gssenmial for the safety of mun and misswon,
Toy offser hypoxig in aviation, aarcrafl are prassi-
rised andfor provided with a pilots personal oxygen
system. Consequently failure of aireralt pressuriza-
upmandfor of personal oxygen breathing eguipment
will-expose any aviator o sudden and life threaten
ing hypoxa This 15 the commaenast mode of devel-
pping hypoxia in modern aviaten. In addirion
hvposaa may be encountcred i some types of com
miereial carga flytng where aincraft may not be pres
surised or in flying for sporr if pilos inadverienty

have been avoided by proper oxyeen discipline. ']
also found thae the musimuan epistdes of hypa
socurred at an altitude between 16-20,000 11 (265%
filoiwed by 21-25,000 (L (17%), In another st
cotducted over an eighl yeur period ina miling
airtorce (21 in which A0 cases of hyposis wil
reporied, 1L was noted, that nearly hall the incid
tnvalved suident pilols operating unpeessrised |
traimer arcratt Over a third of ineidenls wered
to malfunction of oxygen equipment and a furt

My higher than the stipulated safe mi of hypoxa
in aviation 1.¢.an altitude of 10,000 ft. Rayman and
McNaughton |1] in & study conducted o Wdentify
ciuuses of hypoxia in the USAL berween 9730
found thal ouat of the 298 cases reported, 27% were

due to operator error, 209 were due W decompres

Bl

thrrdd was due 1o failure o use it correcty, I8
LAL there 15 mneomplole ducwimentation of cases:
bypoxia in malitary avianon, Hiweser al least 38

Pleparment of HAP Iostiate af Aerospoee Mo
cire TAF
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eases ol hypoxia due 1o cquipment mallunchion are
o recrid | 3],

1is therefore, nnperative Tistly to make prlos
ware of the overt elfects of hyposia pid secondly,
W troin them to recognice and prevent hipoxi,
Delining amd demonstinting the performance deg
mdation produced by acuie bvposi of wlbiode has,
Berelore, wnporant connotanons towards Mgh
sty Tncloctrination o aitcrew an g decompres
ston chamber s the estubhished practice the woeld
mer, The testung mvolves exposure (o smubled
Bigh altinsde amd demonstration of psychomotor
performance decrement i a eather crude and unre
glistic woy by ndnumstenng o sample handwnting
sk, Oiber methuads of pssessing performance dec-
tement ace vsing convenlionual psychological ests
unrelated 1w fying in amy way, 'The resulis obiained
fram comventivnal peychometor teste are difficult

i extrapolate becanse of poor tesl-jel corrslaton

and have heen proved 1o e contradiciiry on ooca-

st 18]

The detrimental ¢ffects of overt hypaxia have
bpen known for a1 long time bl effects of nild
hypoxia on higher mental functions and perforn-
anee are difficalt o quantify, however, they are ni
ks important to ight salely and assume a speceal
significance in the Indian high altitude flving envi-
mmment, Numerous studies are available o gualify
aid quantify the effects of differcnt degrees of
hivpoxia ¢on human performance [2,5-15]. The e-
ailfs so ohtained have been used 10 broadly define
decrements in payehomoter und cognitive perform-
e in terms of specitic and stanclard paychelogl-
wl tests. Bxlrapolation of such tests o the eomples
bur well tearned task of ying an airerafl has ns
iherent disadvantages. Specific Tyving related gues.
fioms like subile but significant performance decre-
ment, types of flving asks aflected at a parcular
altingde, time 10 decrement anck upper linut of safe
Iypoxia expusure especially at mediom alinudes
lave still not heen answered with certamty: One of
Al asons for this has been the widely virying
naure ol 1esls used for assessing performance dec-
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remienl wnder hypoxia, The tests used range from
copmitive lasks, varous Tores of psychomator 1est
ing apparatus and psyvchologreal sty [2.7-15] w0
Mying actual wreraft [ 5] and ground based tramers
[£]. These tesis huve generally measured both
pavchomotor and cogninve performunee decrenaents
in u hypoaie enviconment but how they translate in
actual Mying of the mrciall cemaing uncertan -Sur
prsingly, none of these tests are used for lypaxia
indectination o arorew

The advent of mroprocessor rechnalogy has
drastically changed the face of expenmental re
search 'the operanonal imitation of the real proc
ess e fhe Jaboratory has become a realiny and the
presenei: of such an enviconment otbers unprec-
edented oppartunity [16] Sumulators, ongmally
developed with the objective of wraming of wrarew,
are being mereasingly used Lor pertormuinae assess-
ment [17]. Today, i hus become possible o madel
complex mathematical cquations und generate high
quality graphical images an the personul computer
(FC)

This study wis designed with an intent (o use
this technology for developing o PC based Flight
Orented Performance Task (FOPT) for petlioom-
ance assessment with relevance to the flying envi-
ronment. The 1ask so developed was used tor
assessing hvpeniz nduced parformance décrement
under simulated hypoxia in a decompression
chamber or altttude simulater (DC) during high
dlutude simolation.

Material and methods

This study was carmed out n three stages. Fistly,
FOPT was developed with the help of a commer-
cial sofrware company In the second stage 3 com-
puter was installed next ro the control staton of the
[ anid was linked 1o o dedicated computir wided
terminal ingide the chamber through a specially de-
stened wite looming usig a speeial sircraft quality
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comnecior such that the
the IDC wese nut affected. In the third stage the FOPT
developed was wested on volimteers for evitluating
its use for indocinnating arcrew in the effects of
hypoxia

Chamber modifications for the FOPT. For the
Purpase of earrying ool this study, a few whhnons/
mechficanons were carmed out on the chamber, A
new phalange was manufactured for the comueuni-
cation ol an the chamber external shell and 2 47
pin vacuum-scaled sircraft quality connector was
tited o il 1o prevent any leakage during the de-
compressed state of the chamber, A special ¢ abling
nlapproximately 7 meters was curried through the
PR connector 1o connect a video displav terminal
{VDT), the joystick und the throttle from inside the
chamber 1o 8 PC kept outside the chamber. This
was tsscniial, as commercially available compur-
erschnot function optimally i low Pressurs or near
vacuum situations existng in devompression chai-
hers. The entire looming and pin connector syslem
wis designed and developed by enginecrs from the
Acronantical D L\r_lnprmnt Establishment (ADE),
Care was twken 1o ensure that there was minimal
sigoal Iosg and no chunge in the signal churcters
tics ucross the length of the cable. It was achieved
hy mnstalling & specially developed line
the PC.

driver mn

Test equipment: The cquipment used (o sdmin-
ister the test was an IBM compatible PC fited with
a 32 bit 80486-DX 2 microprocessor. The central
processing unit (CPU) was placed outside the simu-
lator This was conneeted to two VDTs in parallel.
one of which was kept cutside snid the other inside
the simulator. The input devices consisted of a 101
keyboard and a serial mouse connected to the main
P located vutside the simulator Tnside the cham-
ber a specially designed joystick and throtle were
pluced on a fixed plstform base, ergonomically
placed and designed. to stimulaic sn aircraft cock-
pitin postiion and dimension. The CPU placed our-
side the chamber was driving the joysiick and the
throttle. All this equipment wax mterconnected

a2

vacuum charactenstics of

throwigh a 37 pin connector and the special cabliy
arrangetnent described ubove, The stuctural 18
the functional intepniy of the eguipnent and o
ennnections were successbully lested up to oo
tide of IOAHRN I with an exposurs For g |:Lr|u|[
WYL L wi "Il'lll.lr\.

The Fesr: New software, the FOPT, wits specl
cully eonceprunlized and designed. The FOPT i
designed i he an interactive computerised f
stunulstor to be run within the specific consir
and Limitations of the avanlable lurdware, ‘The
stay of the FOPT was un on sereen display of
tside of 4 cockpit showing the priiary Mying o8
struments i the lower halt of the screen and o "'.
cial graphical outpul to simulate ground [arm
wits shown an the upper hatt of the screen, The g
play wis seen simultaneously on the main conpg
ter avrcen as well as the VIV inside The i
displaved on the VDT consisted of e view ag
from within the cockpe of the irersfr, The o
A of the sereen displayed the instrument pi
and the upper 709 the duside view ineluding i
horzan. A netwaork of lines torming « prid pay
thatreceded und converged i the horizon ma
the “wround™ This grid pattern was made W m
In 4 manner as o simulate visual motion coes
the subject us ulso 1o provide u leeling of d&p i
the fiell.

The instrument panel displayed. from le
nght: the throttle setting indicator with 504, 18
and 1005 power settings. the am speed indicale
(AST) the maximum specd attainable at fall ih
tle seting and level flight at 1 ko alfituda wis @
kmvh., the alnmeter: a long pointer mdicated .1|
tude m hundreds of meters whereas the ah
poanter indicated altitude in km, The " il
crashed™ i it continued in a pitch down mu
{descending mode) hevond the altitude of 0 km.! i
attitude mdicalor was an “inside-oul” type. 1
auter rim way marked at 30Y, 607, and Y to i
cate the hank angle of the arrerafe when it o @
The artificial hoeon in addition also moved dou
pn case of piteh upddow i attitude of the il

fred & Aeraspace Med 41(2), 1
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The magnetic cumpass, had a fixed dial and
povable pointer, Wit g1 acfuted every 37 and had
ligital markings every 307 The [y cardinal poinis
aufeanatic drrection
inchicaling

were depreted, 1alss Fraael an
finder (AT, depicled s 2 blue poanter,
ihe ghsolute headimg ol the wirficld frii the anr-
erafi. T vertical speed indwaton (N s1) which dus-
g level Qight choswed the needle as pointed 1 the
Feiy oS et ing a zero rald ol ascentdde-
seent. The wrn and bank indicatoe: it indicated the
wte ol -t of the wircradtin degrees pu second, In
aldition thare was @ red horsrontal warning dis
pay Bur above Mye altimeter, which rondoly ap-
pearedd and was 1o e switehed off by a definite pi
lpfsubject avtion fo measure feaction e, Adige
il distonee from the airbield imdicator along with
o digital timer in the rpht hand bollom corner of
e sereen was also avalable Metric umits were used
i the markings of the display

The flight movenments were co~ordinnted using
a juystick and 2 throttle so fixed i position and
digtanee o5 (0 simulate an actual cockpl! cuviran-
mnent, Spuuial care wis taken throughout 1o ke
the final product as realistie s possihle, visually
aod acrodynamically. The jovstick was used s in-
i fot the commands of pilch up. pich dawn, left
hunk, ighs bank or 4 combinution of these, 10 the
CPU, The furward displacement of 1he jovstich
panslated o pitch down, the ackward displace-
ment to pitch up, left lateral displacement to left
bank and turm and the right lateral displacement 1o
the tight banking and wrming of the aircralt.

A number of mathiematical equations of acro-
dynumics were incorporated into the sofiware
desion (o compulation of the various pardameicos
and the responses of the simulated aircraft and were
baseil o the flizht charactenistics of the TAF trainer
ircrafl, Kiran Mk 1.

Tiie thrusl of The mireratt wis o direct function
ol the enpine Tpm dnd the tao WeTe Tinearly related
The augle of attack was kepl constant at (1.5
deprees.
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Diefinimg Hie Mission/Task: Any spevific fiymy

1ash incorporating the parametcrs of altihuede, piteh,

rate of climb, heading. bank. rate ol tarn amd apeed

can be gven to the subjects,

Seartme snd Rexalrs: Un complenon o thic Lusk

by the suhject, his performance coulit be viewed
immediately. The flight protile ol the mrerall dur
ing the performanse of the sk is seen in the forin
of & graphical display o the seven Mght param-
elers plotted ngainst the thiie axis These were ulu
Lude. fute of wrn, nite of chiub hank angle, hoead
ing, pitch of the areralt and speed. Inaddition s
ple reacnon me was also assessed, The total tme
taken o complete the ask was alsu known. The
subiject s poriormance1s analysed, parduieter by pu-
ramueter, by noling the seores ohtained for cach g
cameter. Thesé scores are cale ulated vu the hasis ol
deviaton of the subject's performance from the uleal
Aar ideal performane line s gener-
faged on the known patan

performance
ated by the compuler
eters of the defined usk and i plotted by the cotn-
puter along with the subject’s performance profile
45 another hne, The area between thie 1w lines 1s
then calenlated and presented us a ligure, which 13
the sepie. The score antained i euch parameter thus
was directly proportional Lo the depree at deviation
from the ideal and the duration of the dheyianan [Tom
ihe ideal The greater the area hetween the twa (ideal
and actual performance) lines e greater are the
centes uhiained und greater the deviation from the
ideal indicating performance decrement. As e
subjects practise fiving (e siralator at ground level,
coloured lines. depicting their perfarmance, arc plot-
wed for each run against the ideal eurve which is
depicied as & different colour line; The compuist
compites the mean and standard deviaton of all
he base line runs, This is the haseline mean TG
with standard deviation, Runs al altinude are re-
corded in different coloured lines. The compuler
then determines the seore benweeil the altitude runis)
and the mean Baseline sgore andh this 18 the per-
formance decrement. The task to be formed vould
mean climbing to a parttcular alutude, maintain-
mg a particvlar @le of climb and simulwneously

L)
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execunng a turm abaspecibied bank angle (o u speci-
fied new heading Since ideal, baseline and altitude
runs for each parameter, we indifforent colours they
can e visually compared and showa to the subjeel
whi is better ahle to apprecinte his porformance ar
gprownd level and at alitude, woder the imbuence of
hyposa. Based wpon (he performance of the indi-
vidunl, the in-boli evaluating soltware of e T
automabically analveed amd pencraed an averall
total seore and an avemge score per unit tme for
each of the pasmncters mentoned above, The val-
ues hasabaemed were wsed for culoolution wne <ta

Nl analyss

Fhe experimeind; The FOPT was next evaluated
with reference 1o its unlty for indoctinating air-
crew in the effects of hypoxis in the DC as com
pared to the current practice of wing a siinple non
spevilic hundwrinng detenioration task for the same
LI healihy, adult males (6 circresw and 5 non-ar
crew) were selected as subjects, The number of sub-
Jects were simall hot in such experiments larper
numher of siubjects are not possible due 1 rhe hay
Adl the sub-
Jects werecxplined the expenimiental protocol in
detarl.

ardons nature of sueh cxperimenianon

Each of the subjects was scaicd in the TX a1 the
console where the VDT, jovstick and throttle
toniled. All the eleven subjects got o inimum of
S0 practice uns each, and 10 certain vasey even more
practice sessions for individuals were grven in case
it was fell [hat the lgaming curve of th
had not flamened out. Finally, sach subject w

Were

e individu]
grven
the test at the ground lexel 10 times 10 obtan the
mean and S0 ground leve! or base line scores for
each individual

The actual test involved ‘fiving” the simolator
for a given task at ground level followed by at the
simulated altitude of 30L000 T which is the estab-
lished practice: being followed in the TAF Al sub-
Jects pertormed the same alloned ask <o as 1o
achieve standardization of the results. Onve in the

"
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chamber the mdividunis were subjected w30 min-
utes of pre-breathing with 1009 gy pen tooachieve
demirogenation of the boudy lissue, This was donpe
toemaninmse the tisk ol decompression sickiess,
Betore ascent 1o the Fargmet altitwde, the subjeces were
siven an ear elearanee ron Lo 8,000 Tear ot the rie
al LU e per min and haek tooeround level at th
saume vate, Therealier, each ol the subyjects were tuken
o the simubed alatucle of 3006000 70 ¢0 WHHE Y
ren el made 1o andeoes e selecied sk imme
diately ameaposuce fo altitode and repeatedly hergs
after wll perlarmance deterioration wis evident 1o
the nbserver momitor g the teatan the oassde VT,
A this point handwiting of the same subject was
also smngled o determine of there was conconmitin

handwrining deterioration.

Ihe task selecied mvobved “climbing from o
altetude of 1k wo 17 kmeat the vate o 20 s uml
ar the sume nme wirmimg from o hewding of 150
degreesito d headimg of 330 degrees g bank angle
At bl degrees™. All througeh rhe 1agk the individugls
were reyuired Lo maingin o constant airerall specd
ol B kb and also switch oll the red warning

light as soon as ey deected |

Results

The FOPT was used 10 assess the performance de-
rement in L1 healthy male voluntesrs (6 airerew
ard 5 non-airerewt under simulated hypobaric
fypoxta. The age range of the subjects was 2331
yeors (e 229 ] £ 217 years),

Dut ofa total 165 ohservarions (11 subjects x 15
parameters) made duning the course of s stody,
there was a deterioration in performance on 142
dccastons and an unprovement on 23 occasions
under the inlluenee of simulated hypobaric hypoxis
ol 30,000 ft (Takle 1)

Fapitsiire o Bypoxia praduced an improvemen
tthe parameter ol hewding {total and average) oo

L b Aerospace Med 2102), 1907
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Table 1. Summary of deteriorstion/improvement seen in various parameters under hypoxia

Subs Al 5w Hilg [*n Bak Fow M
sl Ten My Tt Mg T Avg  Tor Avg [E5H] Avg Tl Avg  Toe Avg Toe
TS
n-—'--' 4w --*: HidE fdw -u--_ e EXS mAm e whw -.;-u o oy LT
|:| Ier ”'r'ﬂ" i e ”'-T]' 1P E- - @ aEA o (Y T - ek
C L b= - W (R i BEE T e e i w sam Y b e
lj L) LRy LR EREN] o CL T LI | LT oy e a [T - ] Tl -
1‘.: o W o w CLES CLR o (T ] - Ty (T - TR} sam TR Y
F LE] w g A L [N LT L ]\“_1 TE o Baw E:\'EEJ - P LT
i e L LS drA . T i T W Ty L w4 e sma -
H’ T A T CE dbe A LT wdw raw e | aw i e i FEE
L IMPOIMP IMP IMP IMP IMP ste rer pap IMP ot wes [P IMP (M
]’ [ R CEE™ (Rl L] |l,'J":n ”'tiP A - aEE L muw o '[_\,‘“, ]:\1}’ ]:\-’[P
K by L] LT CL T ibw 1y TEw b - mEw e aEE ome (Y ET |

Lesgend: Ali: Alnode, Sjaud: Speedd, Mg Heading, Pig ek, Bok: Baok, Roc Huire of Climb, Rot: Rate of nam, Tot: Towl
seare, Avis: Averdge score, IMP bimproseinent, == Dietediotation

foceasions, ulitude (waral and weersge) and rate of 4 simple handwning task given al the end of the
turn (totul and average) on 4 cach, total tme when FOPT show any deterioration. Thereby indicaling
o 3, speed (total and wverape) and bank (o and g while performance of a flving task deterionted
Weraget on 2 eachi und on one occasion cach for  (he current practice of performing a hundwniting
pileh {average) and rate of climb {average). The
Improvement in parameters were muinly noticed in
Shjects ‘B and 'I', These 2 subjecrs may not have
teactied the peak of their learming curve, This was
e obwious for subject °1°

Lask was pol sensitive enoughoor demonstrative
cuough th be accepted us o ysefil and meaningful
methed of hyposis indoctrination of wircrew

Subjective symgptoms: All the subjects (1007 ) Discussion

reprted 4 very conscious need to actively concen-
Irate o the performance of the task when subjected  Tndoctrination in the effécts of hypoxia is an estab
fathe simulated hypobaric hvpoxiz. 6 of the 11 sub- lishwed norm in the waming of aircrew in allair forces

 Jeets (34.5%) also reported a brief failure of con- the world over. Training is imparted in the adverse

Genlration at some point ur the ather while perfurm-
g the tagk. This lapse was however soon realized
aid the individual resumed the task, 3 oul of 1]
suhjects (27.366) reported tngling of lingers and
lips towards the end of the exposure 1o hypobariy
fypoxia. | out of 11 subjects {9.9%: ) developed in-
tense headache on lenmination of the chamber run
This however improved afier sometimie on returm
w lhe ground level

patho-phiysiclagical effects of hypoxia. but ‘even
more 1mpartant §s the manifestation of hyvpoxia
wherein @ pilot’s performance in the air can be af-
fected wathout hus or lier knowledge and this can
lead to catastrophic disaster of the worst kind, Train-
g schedules the world over include actual Lap-
sure to simulated Tow pressure conditions in a DO
to altitudes of 23,000 ft or 20,000 ft with or without
axyzen and the aircrew are made to experience their
OWR responses. They are also asked 1o perform sim-
~Lomparison with standard indoctrination preac ple cognitive tasks like performing arithmetic sums
tiee of hanedwriting task; In neme of the subjects did  or any mentally shsorbing task which they find Jif-

Ind J Aerospace Med 47i2), 1997 RS
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ficult 1o do or are shown coloar <hides wherein their
colour percephion under hypoxia 15 altered | 18],
Such tasks are hardly indicative of the Oying envi-
rodument, which invoelves very complex cogmitive
wrd peychomotar skills, which are usually well
learned. Such crude methods of demonstruting por-
Jtl[lil]LlJtL‘l: l.JL'L'l'L'”]L'.l'.I m I"I'l.'-'llll.;ﬂ'l_'l,l enviroonment
therelore may not show the desieed results: This
leads o erroneous conceplions in the minds of the
aviater and defeats the very pirpose of the rawning
Also at very high altitudes these relatively crude
performanee chunges wre muse casily manfesr b
at anedivm and lower alutades such a change take
very long to appear or may not appear at all. This bs
why altutude indocuinstion is done de very high
shmulated altitudes (= 23,000 01). In the TAF, hypoxia
indocinnanon s carned out ar the aboanito stage
in pilon rainees which is essentially done at No. 2
Aeromedicu] Training Centre for all flight cadets
and subsequently in traned palots also though the
latter 15 not mandatory. In the US “Air Forec lngh
altitude training 1s essential ever 3 years for all air-
crew [ 18] Personal experience hy the first author,
af tramming over 300 flight cadets in the DC hus
shivwn il using the present iechnique for perform-
ance assessment and demaonstrotion viz. adiminis-
tering a handwriting task &1 an sititude of 30,000 f
dows nol cause manifest changes in-almaoss 309 of
the aircrew exposed. Therefore this study is an at-
tempt 1o evoive a test for perfurmance cvalustion
which simulates end has relevance 1o the actual fly-
ing environment and can not only be wsed for train-
ing of aircrew but also as perfornance teol for mess-
urciner of performance under any simulasd siress.

The FOPT has bean developed as a compurer
based flight simulator. The softwaie has been su
engineered as (o perform as an wireraflt with getual
characteristics and mathematics of tlight without a
moving based platform. Such an approach in per-
formance evaluation of vanous gther siresses has
been used [19,20,2 1] hut not in the measurement of
hypoxia stress. though a similar concept has been
used by Gold and Kulak [6]. This may be so he-
cause performance of simple: persenal computers,

By

1 low pressure envirenmenl like m o D4 can be
seriously allected, In our study, the experimental
sl up was quite unigue i that o compuler placed
outside the chamber contndled o monitor; throdtle
amd poystick all placed imside the chamber on o spe

cial tuble such that all controls and the display unil
were at alimost the same levels aml dhistancesona
wondd eacounter imoan areralt Certyn video ganes/
commercially avalable gune ocoted Tight simu-
lators cun ihae e wsed [1T] However sach simuly-
s caannal e vsed v this seenario hecause they do
not have o standardised scormg putiern, which iy
easily reproducuble und “visihle!' o mrerew, The
scuring patlern i this simolator was o compans an
eal compiter genented curve of the specified lusk
pertormance with i 2round rui generaled curye and
finally a curve generated by performance. of the
apecificd sk af alntode. Area under the curve be

tween the ground run and the altitude run was wvail-
able as a nurmerical seore The need for an ideal
curve for comparson was considered essential e
cause the ground or alatude curves may be highe
or lower than the ideal and in either siiusiion would

signily performance decrement.

The task selected was one which aircrew would
normally perform in the course of a triining sori
i an actual wircrall. IU involved cognitive and
psvchomatar performance o terms of short term
memaory, attention, judgement, vigilance, lracking,
spatial srientation, complex eye-hand co-ordination,
muscle co-ardimation and conceprual reasoning ar
al the same time simiple reaction time was being
continuously assessed by the swilehing off the red
light as and when it appearad.

The task had seven components namely piteh
heading, bank, speed, rate of twen and rate of clinth
and totad time taken Wy complewe the sk in addis
o 1 reaction time. In each of these parametérs
the total score divided by tine was taken as theay
erage score. The resulls obtwined [or cach showel
that some parameters showed decrement and wepd
stanstically sigmiticant in their outcome whilst other
prarameters ware in the expected direction bt wen
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nol stabistically sipmiticant. The 'p’ values of the
various parameters are sumgnarized o the Tabke 2
Teloiwe.

Table 2. *p® salues of various parameters of
FOFT at 30000 feet altitude

pollnis el ] et 05

ENERESTEA N T |

ROCTs MO wvgy ALT HIMiavp)  HEMGIHM )
PRGSO P vy AL aved  Total time
AP B bdave) BREOM)
APy RO T (tan)
BExTiavg)

Flvpsveres andlodemmadeen

TORC! it of Clemiby, PEE Prich, Al 20 Alnede, RO Bae
al Chnl, SPTY: Speed, BNE. Bunk, HDG. Hewding, TOT
Tulil, AVG: Averape

A sipmilicant chanpe was nonced in the parom-
eters of Speed (total and averages. Aluwde (1o1al
and averagel. Pich (total and average), Rame of
Climb (rotal and gverdpe) and Bank (averupe).
These aspects of the task demanded 1o1al atention,
fine judeement, good eve hand co-ordination, at-
tention (o complex detail and conceplual reason-
ing, These higher functinns were significantly af-
fected during the simulated alutude exposure
thereby Indicating adegquate sensitivity to pick up
el perfomnunee chanpes early.

However the parameters of Heading (Toial and
wrerape), Bank (Total), Towl dme faken 1o come-
plete the task and Bate of "1urn ("lotal and average!
‘were not significantly atfected, This is contrary 10
what was expeoted beeause gt 30000 feet the nme
| performance decremeant 15 known to be around
T3 seconds and all aspects of performance are ex-
pected Lo e severely alTected at such high alinodes.
Normally the aie of wrm w achieve & certam de-
mmee of bank angle to achieve a new heading would
involve good attention span, short term menory,
ey Tuand co-ondimatiom, vigilance and judgement,

I faculties which are known 10 be affected at much

Tewer thin 3EKND Teet simulated altitudes (2] These
Jaramicters are evidently mterelated and beease

! fud T Awrosprisce Meel 41021, 1957
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N Ratten, V Gopal, BRI Smgh. 53 Khanuja

of the relatively insensitive Joystick oot wuch m-
teraetion wis reduired on behalf of the pilot 1o ex
ecute these maneuvers, once he banked the simula-
tor ey the desirgd level, by Lteral deflection of the
stick no further interaction was required. This as
pect has been tuken care of ina lnler version of the
FOPT where the povstick requures a constant inter
play with the pilot However, the results produced
by these parameters are varations i the expected
direction

I'his stedy has one agam substantiaed the (act
that performance prodoced by hypoxia 3 a tune
non of 1k comple ity used to assess the sime. As
s been seen abwve, the degree of decremend pros-
chucest for the parameress of Headig, Bank and Rate
of Turn, where the subject interuetion with FOPT
wiks minemal, 35 much less than for the parameters
af Adtitude, Pich, Rate of Clinb and Speed where
the suhjeel had o constantly ke correchive actinms
Thie relanonship between task complexity and per
tormance degradavion under hypoxia has been
broaght oot by other suthors also [2.7]

A few of the subjects actually showed an im
provement in some of the parameters under the m-
Nuence of hypoxia. This was probhably because in
their endeavour o perform well, these subjects over
concenrated on these parameters. This wias how-
ever ar the cost of other paramerers, which got ne-
glected and ultmately the overall performance of
the individual suffered However one subjecr (sub-
ject 1) showed an mmprovement under hypoxis in
Il parameters out of a total of 15 montored, This
ipdividual was not an atrcrew and 1t 15 possible that
his lewrning curve had SUll not pesked when the
testx were adminisierad to him. He therefore imi-
proved with every practice/ftest run and performed
Better in the hvposin runs thal were admimistered
after he had completed the ground level runs

The general outcome of this phase of the study
has been in the expecled direction inthal it has
shown the decremental ettects of hypoxia on hu

BT




{ypenivn inedoe trvalton

man performance. It has shown performance
chonges, wluch can critically but subtly ehdanger
man sl mession and 3 s shown 30 o el
that was Jucid and impressive onto the aviator TH
s shown changes when the simple handwritng
lask, |1-r1|111_ |.'urr{'r||:]3.' admamstered Tor hyposai in-
doctrination, did not show any deterioranon. In all
the 11 sulyects the performance decrement was only
krimad G the sabyect onecomnpletion of the un, To
thes end the results of this study el achreve @ basic
plotform en which turther moditicanons have been

mdde i the ardware snd softbware.
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