
EXPOSURE TO MILD HYPOXIA
AND IMPLICATIONS FOR
DECISION MAKING

By Robert Henderson M.Sc.

Presented at the XXVII OSTIV Seminar Mafiken& South

INTRODUCTION

The absence of an adequatc supply of oxySen to the tis-
sucs is termed hypoxia. Clider pilots, like all humans, are
vulnerable to the effects of oxyten deprivation and severe
oracutc hypoxia nearly always results in a rapid deteriora-
tion of body functions. The cells of thc brain are particular
lv sensrlr\c to a l.rck of o\y8en. H)po\ic hypo\ia occurs
$hen breathing air due to thlr reduction in the partial pres-
s(re of oxygen as at ospheric pressure decreases rvith
increasing altitude. lt is caused by the absence of an ade-
qlate supply of oxygen in arterial and capillary blood.

Oxygen is transported bet$'een the lungs and the tissues
by hemoglobin moleculcs in the blood. The combination of
haemoglobin and oxygen is a loose and reversible bond
allos'ing hemoglobin to pick up and unload oxygen
according to thc metabolic necd and deman.l. The percenF
age saturation of arterial hcmoglobin (Sa02) describes the

ratio of oxyhemogiobirr moleculcs to the total number of
hcmo8lobin molecules available to bind with oxygen. This
is also referred to as blood oxygen saturation.

An individual exposcd to hypoxic hypoxia, at about
10,000 ft, experiences a reduction in their Sa02 level from a

sea level value of abolrt 98r,r; to a value of approximately
92,',; to 93'l. These physiological responses continue as alti-
iude increases. Breathing air at 25,000 ft results in a dou-
bling of the hcart rate and an increase of 40 to 607;, in the
respiratory raic. For a normally healthy person, these
resPonses prov;de a measure of protection up to about
13,000 rt for pcriods or lcss thdn o0 minutc\.

The physiologicaleffects of hypoxia are well understood
in terms of gaseous exchange, times of useful conscious-
ness and physi.dl redclion<, nnd e\cL.lrenL \ummarie\ dre
available in the literature (e-g., ErnstinS, Nicholson &
Rainford, 1999). The full ranSe of acceptcd visual, gencral
physiological, and neuro-musclllar symptoms ;nduced by
hypoxic hypoxia is detailed in Table 1. The altitude at
$'hich significant cffects of hvpoxia occur can be lorvcred
by a number of factors. Physical activity, extremes of tem-
perature, and anxiety ali increase the bodys demand for
oxygcn and hencc its susceptib;lity to hypoxia. Carbon
monoxide;nhaled in smoking and certain mcclications can
also reduce the oxygen-carrying capacit], of the blood and
magnify the effects of hypoxia.

TECHNTCAL SOARINC

Table I Physiologi.al and psychological effects on
humans €rposed to hyporic hypolia

Ge.eral

Odcrc.s.ln drurI{.ft.ptiul
D.(tr"s!inprifh. liBrarFi

As altitude increases, the various symptoms are accentu-
ated and the time rcquired for thcir onset reduces. A sum-
mary of specific cogni tive effccts and their trigger a ltitudes,
as detailed by Emsiing ct al. (1999), is shown in Table 2.

Table 2 Cognitive effects of a€ute hypoxic hyponia
and the altitudes at which they can be

expected to occur

Altitude (feet) Effects of Exposure

Peroi r litl .h,.t6 sllrring .i 
'p1rrhFuzline$ (,roi drri,rNs) slo\! mof0menr\

tlrpo\i.nrp

Abolc 5,000 Light sensitivitt olth! d.rk-ad.pted.!. affccted
Above &0m Short- and lotrgr.r menrrl ntfdl.d
Abovc r0,000 Conpl.r lrand{ye co{rdniatnn aft!.ted

P.rfornr..€ on pEvioush learnr Giing.n.l mn
ceplual ru.soninE tasks alLcted

Abov.12,000 l,erform.ncc on puBuit motor hslc affect(d
Choice ronctnnl tino on $cll lcnr.ed hsks.ffectd

Above 15,000 Finc hand tFmr ftducs.bilirr to m.ke preiq
ndj!stmcnts

Abok l6,lxlo SiDple cr.tnnr limc incnrrs€d

While the effects of unprotected exposure to high alti
tudes are both rapid and harmful, the research on the
effects of hypoxic hypoxia on humans ai altitudes up to
15,000 ft is much less precise. Henderson, Mccarthy & St
Ceorge (1995) proposed that thc failure b find consistent
effects of hypoxia on performance, in this area of research,
might be due to one or more of tlrc follou'ing confounding
variablesl

1 . The use ofnaivc subjects {,ith no previous exposu re to
h) po\ii ir d hypobaric chamber where thcir 16norance cre-
ates apprchension (Berkun, Bialek, Kern. & Yagi, 1962;
Denison, Led\^,ith & Poulton, 1966; Lectwith, 1968 and
1970j Crow & Kelman, 1969 and 1973j Fiorica, Burr &
Moses, 1971; Creen & Morgar! 1985; Schlaepfer Bartsch &
Fisch,1992).

2. The variability ofexperimental altitudes ach;eved util-
isinSgas mixtures tosimulate the reduced partial pressures
of oxyger at altitude (e.9. Denison et al., 1966, CahooI,
1970; Fiorica et al., 7977; Billings, 1974; Fon4er, Paul,
Portict Elcombe & Taylor, 1985; Fo$4er Elcome, Kelso &
Porlicr 1987; Schlaepfcr et al., 1992, Farmcr, Lrpa, Dlrnlop
& Mccoh,an, 1993, Mccarthy, Corban, Legg & Faris, 1995i
Mccarthy, Hill & Legg, 1995).
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3. IndividLral \,adaiions h thc plrysiological r€sponse to
hypoxia. The critical independent variabte being the effec-
tive' aliitude of the subject, as measured by Sa02, rather

than their 'nominal' altitude measurecl bv the altimeter
rFo11ler Fr al.. lq85: KrrBht. SchlichtinS. Dougherry.
Messier & TappaD 1991, Paul & Frasea 1994, Cottr€ll,
Lebovitz, Fennell & Kohn, 1995; Mccarthy, Hill & Legg,
1995). In additior! fes' experiments have measured indi-
vidual sLrbject Sa02.

4. The use of tasks wiih little relevance to those per-
formed in the aviation enviromnent. Those that have Lrsed
tasks such as 2D tracking and monitoring (e.g. Figarola &
Billings,1966; Chiles, lampietro, Higgins, Vaughan, Wesi &
Funkiouser, 1971; Coll;ns, Mertens & Higghs, 1985) have
shown confiicting results.

The aim of the present study la'as to determine the effecis
on the performance of pilots during proloiged exposure to
a partially oxygen-deficient environment (mild hyporic
hypoxia). The specific issues id€ntified above related to
experimenial desi8ns in previous research investigating
ihe effect ofexposure to mild hypoxia. This study sought io
manaSe each of these design issues by using experienced
subjects, inducing the hypoxic hsuli in a hypobaric cham-
ber using individual Sa02 levels as the independent vari
able, and by nlcorporating a piloting task.

Measures of Depend€nt Vadables

Two iasks were used for this study, the first being the
Manikin figul€ task incorporated in the Walter Reed
Perfomance Assessment Battery, which has been used to
study the effects of sleep deprivation, circadian disrhyth-
mia, heat strcsr physical faiigue, and hypoxia (Thorne,
Genset Sing & Hegge, 1985). The Microsoft Flight
Sinulator Version 5.0 softwaie provided the subjects {,iih
a simulated Instrument Landing System (ILS) approach.
This {,as the same task used by Rasmussen & Hasbrook
(1972) to investigate pilot performance on an ILS task dur-
ing succcssive inflight simulated instrument approaches.

Th€ Manikin Task

Since 1966 a number of researchers have used a Manikin
figure, as shown inFigure 1, to investigaie ihe effects of
hypo)<ia on cognitive performance (e.g., Denisor! et al.,
1966; Fo$'ler et al., 1985; Fanner et al, 1993; Paul & Fraser
1994). The iask was clevised by Benson and cedye (1963) to
iest the ability ofpilots to ofientate themselves with respeci
to an external visual reference system.

Previous researchers have used Reaciion Time (RT) as the
dependent vadable and the accuracy of rcsponding has
rarely been considered. The requir€d responses to this task
can be viewed as a signal-detection task. Signal-detectiorl
theory assumes that the subject has two possiblc responses
- one when the required stimulus is present ancl an altema-
tive response when the sftnulus presented is not the

required stimulus. There are, therefore, four possible
responses: (a) a Hit - the correct selection of ihe required
resporrse when the tar€et stimulus is present; (b) a False
Alarm - an incorrect selection of the requircd response in
th€ absence of the target stimulus; (c) a Miss - the incorect
selection of the required response in the presence of the
inappropriate stimulus; and, (d) a Correct Rejection - the
correct selection of the alternative response when the stim,
ulus presented is not the rcquired stimulus.

Figure 1 The Manikin Figure shown in ihe updght orien-
tation. The border and hand held symbols may be either
coloured or, as shown, a circle or square. The shape of the
surrounding border determnles which is the correct
stimuolous. The subjects are required to identify the hand
in wlich the stimulus is being held.

The Manikin task required the subjects to respond with
the selection ol Left or Right via a complrter keyboard. For
this research, a 'Hit was, arbitrarily, assigned as being the
correct selection of Left' \^fien the stimullrs (ihe target
symbol) was in the Manikin s left hand. Conseqlrently the
correct selection of Right was defhed as a Correct
Rejection. The four possible signal-detection events are
shown in Figure 2.

Targelsymbo in

Manikn Left Hand

STIMULIIS

'larget 
Synrbo in

Man kin Rghl Hand

RESPONSE

LEFT R]GNT

(Press V Key) (Press [,] Key)

Figure 2 Matrix of possible signal-detection rcsponses to the
Manikin tqask.
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Tlru flec}rerrcics oi these. tour elents are dctc''Tined b!
hvo Lrctors: ho\ Sood tho subiect is .it the tnsk; .lnd, their
.{isposiiioll to$ards a pnrticular rcs;ronse. The scnsoli
ability oi the subicct and th(' d istinci ivcrrcss oi thc stimrlus
inilLrorlc.' the firsr tactor: 

-l 
hc sccond f.rc(n is irrflrrcnccd trv

rh, r, $.I,1.,'r l'('rL,lli. , i, rr*p,",(h'r! (orre(ll! ,'r rrL(\F
rcctl! and th!'rol.ltive fl.t\tll.'ncv oi prcsentatiou oi tho
stimultls. Sisnnl-dLteciion thcorv scpnfatcs an in!ti!idual s

pertirorancij ink) t$'o distincl measurcs: (a) StinrLrhrs dis-
crilninnLrilitv 1\hich is a n1.'asrre ol .1ccur.rc!; ind (b)
Itesponsc bias, $hich is n nrcasurc ot the extcnt to which
thc subjcct favours onc rostrmse ovor inother independ-
eDtlv of the s€nsory c!idenrr pro!idod. Dnvison .1nd Tlrstirl
(197u) dcrived thc nlcasurc oF discrilnin.lbility ur,od in this
rcscnrch. As iho prolralrilitv of the prcscuhtion ot left or
'riglrt \\'as set nl .5 il1 this study responsc bias (log tt $,as
not includ!'d ns n dcperrdenl variat l(. ns it Nas not manip-
ulat!'d. A responscllias irc(' mcasrre ol Llis.riminibilitv (log
d) is givcn by:

k,g tt =. 5 log FfiTR (1)

(MxFA

The FIight Simulator ILS Task

Thr dcpendent Yari.rblrs obininL.(l fronr tho Flight
Sinrulator iask rll iDvolve'd Incasurcs of the sutrjccts abili-
t| to maintain tlrc positnnr oi th€ nircnit Nithin ycrtic.l
altitudc and hcnding l;mits al a targirt nirspeed. I h.' naturc
of th('lLS task is s(ch ihnt it coulcl bc crpectcd that snru-
soid.rl cnor rcsponscs \\tuld bc cvidont. A nrIthcmatical
mensur('of the dc\ iations, .rssulning d bnlanccd sinusoidal
lliBhtpath \?s nchievect, \'orld thcrctilrc result in thc sum
of thc cl\ors being zcro. ln similar crpcrimenis, USing data
dcri!cd lroln aircraft tlncking ldsks, (Hasbrook &
Raslnuss€n, 197 l; Itasnllsscn & Hasbr(lok, 1972) atsdl't..
valucs Nc.!'nrc.1surcd ti)r.1ll depcrdcnt varialrlcs to pK!
vid{r d model of the actual $rformrnl:c nchievccl. Chiles ct
a1. ( l97l ) also uscd absolutc mcasurc's for ihcir d(.pendcni
varht)k's on a lrackinii task. As a r('sult, atrsolutc values
Nore'.rlso measure(t tor all dcpend.'nt variablcs obtained
on thc Flight SimLrlator ILS task in this oxperimcnt.

METHOD

Subjects

F'$ht !,'lL"rl(r \u[,Fct\ \ere Jr.r$n lroln nmons\l
Royil Nei| Zcilind Air Forcc (RNZAIT) pilots ns thel w!'ru
iamiliar n'ith thL' h)'poLraric chanlbcr hnd been cxposed k)
hYpoxin inclocirinntion irnining il1 thc ch.rnrb€r, \'clc
trained to recogrlizc thc clangers oi hypo\ia, and Nere all
cxpcrioncecl Nith cxposuro k) prolongcd mild hlpoxia. Thc
sulrjrcts werc rcqrired k) bc phvsically lit, non- smokcrs,
not on mcdic.rtion, and \\'('ro r€ctuiruct to atrstairr irom alco-
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hol for'.ltl hours prior to cach c\perimont nnd io rrport any
atrnornral sleep paltcrns.

Apparatus

The hvpoxic condition rlas induced bv crposinB thc sub-

i€cts k) rcduced.tmosph.'ric pressun in the hvpobaric
chamMr nt the RNZAF Auckland Aviniion Mcdicino Unit
facilitv. This prococlurc ursurocl that the subjocis \\'ere
ph]sicall! exposcd b the combinatiorl of lcduced atnos-
pheric prcssulc dnd hypoxia,.rnd ayoidcd the r!'strictions
associdtrd $ ith thc ose of nrisks for brcathing. 'lhc prcs-
slrr.'dcrnnnd oxvscn systenr litted b thr chamlrer \\'.rs iso
lated from thc c\tenal supflr to 

'rininriz.'the 
risk of fr€€

oxyBon lcaking ink) the rhanrbcr Four ftx)f-mounted fans
providcd ventilation of thr' nlain compddment.

Thc Walter Rccd ManikiD program rnn on an IBM com-
patiblo DSE 386 25 \4Hz proccssor rlilh a 35 cnr S\/CA
monitor An Advcntech PCL-830 tinor card Nas ndded to
the conrplrter to provide thc timing nccrracy reqoircd lor
ihe soft\\'.rre packigc.

Th.'1LS task \r'.rs propriL'tarY Microsoft \rersior 5.0 FliSht
Simulakrr soth\'aro. TI1€ soitu,nre rvas inshlled on an IBM
compatiblc 486 DX2 66 MFlz conlpute'r ancl thc inla8ery
displav(.d on a Phillips 50 cnr nlonitor Control inputs for
the nircrntt \\ci-! pro!idcd through a proprietarv
Flighhn.lster cont()l device comprising a )oke st),lc con
trol colunnr, rudd(y pedals, n rotary clcvator trinr switch,
and a single le\'or throttle. 'lhc Right profilc arld aircrafi
configur.lt;or of e\1ch appr(,ach $as rccorded using the
Microsofi video rccord solhlnre option lor subsequent

A Nc'llcor N-2(l0l Pulse Oxinletei using a ten k) fifteen
\ccond.rr( rnginF limr'. $.r\ u\rd lo t}l.,\'dc ro'r-i'r\d\r\e
and continLrous n1caslrres oi finiction.rl oxygen s.turation
ol artcrial haenoglobin. Thc Nellcor D2'2s a.trlt oxygen
adhesivc kansdrccr'scrlsor r\'as attachcd to the ljtilc finger
on th.. subjects non prelirrcd hancl and r|as protccted
from cxt.'rnal il[rmination by m ltipll.r layers of black

Thc rcscarcher uas protcctL'd from h\,poria L1y thc !'sc of
the Mou'1tain HiSh Equipnlcnt and Supply Companv
MoLtel A- I analogue compuior elecironic oxvgen delivery
systenr. This systcn pro!,idccl a pre-dctcrmined bolus of
oxvg!'r1 \\'ith each br€ath an.l minimizcd the possiLriliiy of
a subje'ct being cxposed to oxyg€n-€nrichcd air bec.luse of
the prorinlit), of the researcher at any time during the

Thc composition ol the frL'L' chambcr .1ir Nas assessed
usnr8.1 Dat€x Oscarox),SCO-123 monitor. The samplnrg
line tvas posiiiolrccl above ihc compuiiy workstations. The
chaDrbc'r \,entilation ians $,cr'c operatc(l as neccssarv dlrr-
ing pc'rkrds Nhen sutrjects wcrl. not ('ng.rs€d nr n tnsk, to
maintain th€ chnnlber tcmpcraturc behveen 200C and
220C.
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Training \.vas conducii'd in the h),pobaic chambeL and
was completed on thc dav inrmediately prior to the iirst
day of cxperiments for each subject.

The subjects lvere exposed to five experinFntil ..n.1i-
tio s at chamber altitu.tes of 500 fi (Corhd cordiiion),
6,000 ft, 8,000 ft, 10,000 ft ard 14,000 it. Fifieen Ininutes was
provided for the ascent followed bv fiitccn ninutcs rcst
after the altitude had bcci cstalrlished to allo$, for physio
logical accommoctation prior to the presentation for any
tasks. The 14,000 ft conclition r{as uscd primarily to pro
vide Sa02 data prior b a dcsceni lo the 10,000 ft conclition.

Thc slrlriects werc not arvare of the actual chanlber altjtucte.
A rcpeatecl measures design \1as used \\,iih subjccts bclv-

in8 as thcir osri controls. The sequence in $hich the tasks
were prcseniecl r{as repeated every t!!o hours. Thrcc
blocks of tasks s'erc complcted in ihe Corhol, 6,000 ft and
8,000 ft conditiors, and h{o trlocks ot tasks in the 10,000 ft

Sao, levels lor each subjcci {clc monikfed b enable

individual rcsponscs kr ihc hvpoxic insult to be assesse(t.
Arterial bloo.:t samples were taken r41ile thc subjccis u,crc
stable at a chambcr altiiudc of 10,000 ft to provide a base
lineph)'siological Dleaslre of effective altitude to be deter-
minecl rclative to the nomhal altitudc of thc h)potraric

Thc potential effects of fatigue ucre reduced, the cham-
ber \^,as quiet and Vilrration lree, thc cxpe mcnial condi-
tions $ crc conrplcted beh{een the hours of 8 am and 5 pn1

and subjects completed no more than thrcc cxpe mcnial
conditiorls on consccutivc dnys.

The Manikin Task

The Manikin task { as presentec:t on a computer screen
$,ith a figure inside either a srcen or rcd sqlrarc, and holcl
ing a grccn ol rcd square in either the lefi or right hand.
The tigure \^,as ranc:tom1y presented in one of folrl oliciia-
tions: iont-on Lrpigllt or invcrtcd, and reaLvieu upright
or invcrtcd. The subjects Nerc instrucied io rcspon.l as
quickly anct as accurately as possible. The subjcct iniiiated
the commenccmcnt of cach block of 264 trials. Aiter each
respoDse the screen rvas blanke(t lor 300 msecs and ihcn
the next ligure was presentcd.

Subjccts wcrc given imnrediate ieedback after each t al
with the },orcl Correct or 'Error' being ctisplaycd ol1 ihe
screen is appropiate and \\'crc p,ovided with
displav at thc conlpletion ol each block shou ing tho nrm-
ber of irials of ihe task that had been conlpleicd, thc pcr-
cent correct and thc mcan Rr The depenclent variables
recorded for the Manikin iask rlere the tiT lor all respons-
es and the lalue for log d (accuraq'), complrted in accor
dance lvith Equation l.

The Ftight Simulator ILS Task

Thc Flight SimLrlaio instrunlent landing iask rvas Lrase(l

on the lnstrumelrt Landing Slstem (lLS) apprcach on rlrn-
nay 2E Left at San Franciso using thc Lca-ct 35 aircraft.
Thc sutrjccis wcrc givcn control of the aircrait in stallle
flight at an altitrrdc ot 3,000 ft, 20 nalrticnl miles flonr thc
runwa),, u,ith the alrtopilot cnUagcd. Thc approach rvas
conducted with no external inasery visible thLo gh the
aircraft windscreen. Ihe subjc.ts $,crc rcrllrircd to ll) the
apprcach acclrratcly d(n\r io the minilnuln published alti'
tude for the ILS approach of 200 ii abole g,oun.{ lc!cl. At
this point the subiects wcrc rcquircd b pausc the progranl/
not land thc aircrafi.

Control of the aircrait configuration $as through thc
ke),board sith ihe appropriatc kcvs aciing as tog8le
s{,itches. Labels placecl on the kevs identifiecl the conhol
hrnction of each ke),.

Thc dcpcndcnt variables recorcleci tor ihe ILS task were
aircrait altitude, heacling, verlicalspeed, and nldi.atcd air-
speed. The value for each ctcpcndcnt variable was extract
cd at 0. I DME intcrvals h'(nn 15 DME to the point at !r41ich
the silnulator rvas pLrt on hold.

RESULTS

Physiological Measures

A Pearso pLodlrct-moment corrclation $as corducted
on thc aftcrial blood daia. The aderial blood samples
shol^cd a significant conel.tion h,ith thc digit oxineter
Leaciings (r (a) :.951, p <.05). Thc manual rcadings and
oxinreter reaclings \^ ere also sigriticantlv correlated (r (a) :
.970, p < .05). These corlelations pro! idc.l conlidence that
the values of Sa02 obiaincd during ihis sludy r\,erc valid.
Arterialblood salnples $erc onl],obt.rined from four sub-
jecis due to the other slrbjccts expcricncing physiological
ploblcms during ihe bloocl extraction, incloding one $'ho
taintecl.

lndividLral clfcctiYc aliitlrdes, as dctined b)' the S.r02lev-

cls, varicd consicleralny iron the nominal chanlber nlti-
tlrde. For exalnple, at ihi. I'1,000 ft nomiual chanbcr alti-
tude, the effectivc phvsiological aliitude of subject 3 r\'as
about 17,000 ft ancl thai of srbiect 6 abolli l2,00il it, blrt a

one $'ay ANOVA test, to consiclcr beh{ccr1-sulrject ditfer
c,1ccs, (as not signilicanL (F = 0.811, MSE = 18.16). A non-
parametric trend iest (KL'ndall, 1955) sho{ecl ihat thc Sa02
levels decrcased signilicanth, as thc iominal altitucle of the
chambcr i{as iicrcnscd 0r : 8, k = 5, z = 6.1 1, p <. 0 l).

In addition, a sitnjijcant Pearson product-molncnt conc-
lation !\.as loLrnd bctrlccn ihc Sa02 after ihe chanrl.er hacl

bcci stablc at altiLudc for 10 lninrtcs.rfd the Sa0, durhg
ihe first experimental task (, (30) = .916, P < .il 1). This pro
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vided evid€nce that the subjects were Physiologically sta-

ble pdor to testing commencing. The Sa02 values, for each

subject at each nominal alt;tude are shou'n in FiSure 3.
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Figure 3 lndividual mean bloo9d oxygen saturations as

. flrnction of chamber altitude..

6 ooo I,000 i0,000 14,000

Chamber A t tude (Jeel)

1.00

92 94 96 98 100

BLood Oxygei saturatrcn (sao?)

Figure 4 Accuracy (log d) lor hdividriai subiects and

ihe correlaiion between subjects, as a flrnction of blood
oxygen saturation.

Table 3 Group means and standard deviations for Flitht simulator ILS task as a function of the expcrimental

condition

Dependent Variables

Altitude ( fi) M
SD

Heading M
SD

VeLiical Spee (ftlmin) M
SD

Arr Speed (knots) M
st)

Condition

6,000 rt 8,000Jt
n=9 n=9

85.88 88.14
43.97 62.56
"t.22 1.08

o.72 0.46

Control
n=9

83.70
45_15

1.10
a.47

10,000 fr
ll:6

80.65
39.26
1.14

0.46

32s.31
99.49

7.31

7.59

330.32
134.62

7.73
8.04

36s.80
139.44

336.18
't22.65

6.53

8.87
8.49
8.05

Measures oI Dependent Variabl€s

Pearson product moment correlations were conducted io

investigate the effect of Sa02 on performance. The data

from four .onditions; Control, 6,000 ft, 8,000 ft, and 10,000

fi, was included in these analyses. The Pearson Product-

TECHNiCAL SOARINC

moment correlation yielded a significant correlation
bctween Sa02 and accuracy (log ct) on the Manikin task (r

(32) =.a6s, p <.0 1) as shown in Figure 4. Reaciion Time

was not significantly correlated with Sa02 (r (32) - .274 P >

.05), and so is not plotted.
The grcuped results for the Flighi Simllaior ILS task

dependent variables, by exPer;mental condition, are pro-
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vicled in Table 3. There lvere no signilicant correlations
bet$,een 5a02 al1d the Flight Simulator ILS task dependent
variables.

Environmental Factors

The measurecl pcrccntage oi oxygen in the chamber air
rcmained at 2 I it. The mean overall temperatlrre in thc
main compariment ol the hypobalic charnber was

21.60C with a SD of 1.220C. The rnean temperaturc gLad-
ually incrcased clurhg each experimental condition, rising
by an average o12.5 C ovcr the period.

DISCUSSION

Physiological Responses

The digit iraisduc€r sensors and NELLCOR N200-E
plrlse oximeter equipment provided accuraie predictions
of the level of Sa02 at a chanlber aliitude of 10.000 ft when
compared to thc values of saturation obtained from the
analysis of arterial blood samples. The siBnificait correla-
tion of oximeter anct arteLial blood Sa02, at 10,000 ft, made
it reasonablc to assume that the oximeter values obtaincd
ihroughout each expeimental condiiiol \.ere valid.

The subjects werc drarvn fron military aircrer{ and all
had experience of acute hypoxic symptoms dLding their
RNZAF training while being exposed to knorvn altitlrdes
of 20,000 ft and 25,000 ft. The use of experienced and
knowledgcable subjects avoic:ted the ctifficultics idcntified
by previous researchers rcgalding naive subjects possibly
experiencil1g apprehension and anxiety while in thc hypo-
baric chamber. Therc was no ovcrt cvidcnce that the sub
jects were apprehensivc or anxious in the hypobaric cham-
ber dLrring testing. The stability of the blood oxvgen satlL
raiions prior to the commencement oF testirg supports the
contention that the subjccts were not apprehensive-

The initiation of ihe exposuLe to hypoxic hypoxia
through the se of a hypobaric chamber avoided the diffi-
culties idcitified by Colrain (19 8 E) and Ernsting ct al.
(1999) regarding the breathing clifficlrlties induced by the
use of masks. The use ofa hypotraric chamber to induce the
hvpoxic insuli also enslrred that the subjects were physio-
logically immersed h the reduced atmospheric pressure
and exposed to an identical environment.

The range of saturatio s obtained il1 each condition
(Figure 3) sholv similar results to ihose obtained by
Mccarihl,, Corban, Legg & Faris (199s), Mccarthy, Hill &
Legg (1995) and clocumented by Cottrell et al. (1995). This
!,ariability in indi!,idual respdlse leads furiher evidence to
the fact thai the effective aliiiude', proposed by Fos4er et
al. (1987), and as measurec{ by thc level of saturation, may
be more relevani to ihe effect of the hypoxic insult on indi-
vidual performance than theactualenvironmental altitude.

The variation h hdividual Sa02 responses lends evi-
dence io corlccrns raisecl in regarding the actual altitudes
achieved nr previous research whclc measurcd values of

Sa02 ditfercd from the intended tcst aliiiude. Beh{een sub
jects differcnccs in blood oxygen satlrraiion were, hol!'ever,
not significant, and the non-parametric trcnd tesi sholved
that the Sa02 valLrcs decrcased with increasing aliitude.

Measures of Dependent Variables

Accuracy on the Manikin task (measurccl by the discrinr-
inabilit), function 1og c{) re.{uced {'ith decreasing blood
oxvgen saturaiion as shorvn in Figure 1. This figure also
sho$,s the inclividual vaiability of responscs but the sig
nificant relationship beiwcen Sa02 and accuracy is evideni.
This suggesis, as a result of the sigiilicant tendencv for
Sa02 values to c:tecrease with in.reasing altitlrde, that accu
racy on the Manik;n task would also decrease if measured
againsi altitlrdc. Holvever as the intention of this stlrdy
rvas to consider Sa02 as an indcpcndent variable, the rela
tionship ofaccriracv and nominal chamber altitude was noi

The resulting clecrcascd accuracy u,ith decreased blood
oxygcn saturaiion, \ 'ith no change in RT, adds to the body
of conflictnrg literaiLrre rcgarding the effects of mild h)'pox-
ia at intermediate altitudes. The reduced accuracy supports
thc rindings of Denison et al. (1966) and Mccarthy, Corban,
Legg & Faris (1995).

lh,. l:cl ofanl detp, t.,ble . rr.rnAe rn peflofi-rin.F. o\rr
blood oxygen saturation, on the Flight Simulator depend
eni variables is corlsistent with thc lindings of Collins et al.
(19 8 5) who reported no effect ofaltitude on a trackhg task
performed ai 12,5 00 ft. ln contrast Chiles ct al. (1971)

reported incrcased crrors on a tracking task at 14,000 ft
when combined wiih an arithmetic task. Holvever, direct
comparisons with these siudics nrust be treated with some
caution as Sa02 values $'ere not measured for the slrbjects
in these studies.

The dependent variablcs on the Flighi Simulator ILS iask
were, effectively, all measures of accuracy. The more accu-
rately the subject managed the sinlulated approach the
smaller the dcviaiions one would expect to observe for
erLh of tl,e deperdeIl \d-.rhle,. ll-e al^.FncL or.rry c|lecl
of the hypoxic conditions on accuracy on the ILS task con,
trasis u,ith the significant reduction nr accuracy on the
Manikin task wiih decreasing blood oxygen saturation.
This raises the qucstion as to the exaci cognitive requirc-
ments of the ILS task compared to the Manikh task.

The management of an aircraft flying an instrument
approach falls into the categorv of a skill- based behaviour
(Rasmussen, 1983). Pe ormance is governcd bv stored pat
terns of pre- pro8rammcd insiructions. In this case, for
eramplc', if ihe aircraft is above the Slideslope then well-
practiced conhol inputs arc made to pitch the nose of the
aircraft down io increase the rate of descent and retum to
the glideslope.

The task of managing the flight path of the tlight simula,
ior aircrafi requires spatial orientation and judgement. The
accurate performance of this task requircs concentration
and practi.e. The subjccts were familiar $,ith the task lrom
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their flynrg training and it is slrtgested that the rcquired
clcments oi the task, especially thc assessnlent of the subtle
changes olcontrol rectlrircd to marrage thc flight Path, s'erc
bcing perio ncd at the skill lcvel. The results of this
research suSgest drat behaYiouL, at thc skill'based leYcl, is

not affected bv exposlre to hyPoxic conditions resulting in

dccLeasecl Sa02 vah,es in the orclcr of 90 9{i?, This is con

sisicl1t $ ith the results rcportecl by Collins et al (1985)and

RasmLrssen and Haslrrook (1972), when thc only task that
$,as benlg perfomed \^as a tracknlS task.

Rasmussen (1983) also proPose{l the category of rule-
bascd behaviour Nhcre the soluiiols to familiar P,oblems
are govemed b), stored rules of the q'pc'if (state) ihen
(action) . ErroLs at this level are typically associated $'idr
the misclassification oi situations or stimuli leadnrg to the

application of the t{rorrg Nle as a L€sPonse. This tbllows
signal-detection ihcory rationalc i{here the selection of a

responsc re.luircs a clecision as to the prcsence or absence

of a stimulus. It is suggesied that the Manikin task, requir-
iDg the correct recognition oi spatial olientation an.{ the
matching ol the stinulus shape io thc Manikin s haDd, to
enalte a concct response, could Lre desc bcd as a rule-
based task. AccLrracy on the Manikin task, b]' conParison
to the Flight SimLrlator ILS task, $'as morc scnsitive to the

effccts of blood oxygen satulatiol. The results lrom this
stLrdy suggest, ihercforc, that tasks requifilt rule-Lrascd

behaviou,r such as the Manikin, are more aPpropriate for
rrc n!F.lrg..tion , l\r .Ul'tle Ll' ..' or 1r!D.\id ' n ' oer,r

tive performance in thc aviation environmenr
Rasmussen (1983) also proPosed a third lcvel of behav-

iour - knowledBe bascd behaviour u,hcre conscioLrs analvt-
ical processcs r11rst be used, h conj nciiol $'ith stored
knowledge, to sol!'e noyel situaiions. lt is suggesied that
ihe Manikh task clocs not re.luirc this le\,el of cogniiive
ftulctioning.

Performance olr the clepenclent variables was unlikely to

have been aflectecl by envirmmental facbrs. There rvas no

cyidence of any increased perccntage of oxygcn h the

chanrbcr an(1 the tenlperaturc of the chamber envirolment
$as appropriate ior the iyPe oi tasks Lrcing completed
Industrv standards var)', but Bcll (1974) notes thai, h ihe
United Stntes, optimal temperatlrres for i{orkers undcrtak-
hg litht \\uk lie wiihin the range 20T to 22T, t4lile in thc

Unitcd Knlgdom an air temperaturc of 19.5 C to 20T is strg

gested as slritable for clerical sorkers.

Implications for Gliding

The iinding ihat a skill bascd tasK the simulation of an

instrunrcnt lancling task, is not aifected by exPosure to
acute mild hypoxia prodLrcing Sa02 saturations Senerally
ectuiYalent to an aliitri.te of 10,000 ft, suggests thai the exist

n1g requircment that supplementary oxygcn be rsed abovc
10,000 ft may Lrc appropriate for the basic tasks of flyinS a

SlideL Ho\^,eveL, the dcman(ts ofcompetitive flying rcqLrire

that constani decision-nlaking also occut (Moffat, 197'l)

TFCHNiCAL SOARINC

These decisions rvill involvc ihe applicatiolr of rule basecl

t'Lh,rr'oLh.,, c (' 'n lr.$leorul'r.Fd l'rl,.,tror'
Corsc.luently, the rccluirement to cnsure thai Slider

pilots arc functioning at a slrfficicntly comPetent lcvel mrst
be bascd or1 their abiliiy to periofln rule-Llasec:t anct knos'l-
ec:tge based ctecision making. When the imPlication for
decision making is combined nith the nou', ncll clocu

nrentccl, \,ariatrility h nldividual rcsPonse to a ht'poxic
insult, the results of dris stu.t], suggest that competiiive
g1;der pilots should consider using supplenlentaty oxyge'l
at aliiiudcs significantly belo\^ 10,000 fi in order io main-
tain a high lcvcl of blood oxygen saturation to improve
thciL mle-ancl knorvlcclge-based decision making abiliiics
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